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Foreword 
In over thirty years of continuous publication The Radio 

Amateur's Handbook has become as much of an institution as 
amateur radio itself. Produced by the amateur's own organiza-
tion, the American Radio Relay League, and written with the 
needs of the practical amateur constantly in mind, it has earned 
universal acceptance not only by amateurs but by all segments 
of the technical radio world. This wide dependence on the Hand-
book is founded on its practical utility, its treatment of radio 
communication problems in terms of how-to-do-it rather than 
by abstract discussion. 

Virtually continuous modification is a feature of the Handbook 
— always with the objective of presenting the soundest and best 
aspects of current practice rather than the merely new and novel. 
Its annual revision, a major task of the headquarters group of 
the League, is participated in by skilled and experienced amateurs 
well acquainted with the practical problems in the art. 

The Handbook is printed in the format of the League's monthly 
magazine, QST. This, together with extensive and useful catalog 
advertising by manufacturers producing equipment for the radio 
amateur and industry, makes it possible to distribute for a very 
modest charge a work which in volume of subject matter and 
profusion of illustration surpasses most available radio texts 
selling for several times its price. 

The Handbook has long been considered an indispensable part 
of the amateur's equipment. \Ve earnestly hope that the present 
edition will succeed in bringing as much assistance and inspiration 
to amateurs and would-be amateurs as have its predecessors. 

A. L. BUDLONG 
General Manager, A.R.R.L. 

West Hartford, Conn. 
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THE 

AMATEUR'S 

CODE 

• ONE • 

The Amateur is Gentlemanly .... He never knowingly 
uses the air for his own amusement in such a way as to lessen 
the pleasure of others. He abides by the pledges given by 
the ARRL in his behalf to the public and the Government. 

• TWO • 

The Amateur is Loyal. . . He owes his amateur radio to 
the American Radio Relay League, and he offers it his 
unswerving loyalty. 

• THREE • 

The Amateur is Progressive ... He keeps his station 
abreast of science. It is built well and efficiently. His oper-
ating practice is clean and regular. 

• FOUR • 

The Amateur is Friendly . . . Slow and patient sending 
when requested, friendly advice and counsel to the be-
ginner, kindly assistance and cooperation for the broad-
cast listener; these are marks of the amateur spirit. 

• FIVE • 

The Amateur is Balanced ... Radio is his hobby. He 
never allows it to interfere with any of the duties he owes 
to his home, his job, his school, or his community. 

• SIX • 

The Amateur is Patriotic . . . His knowledge and his sta-
tion are always ready for the service of his country and 
his community. 

— Paul M. Segal 



CHAPTER 1 

Amateur Radio 

Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art 
of electronics and an opportunity to com-
municate with fellow citizens by private short-
wave radio. Scattered over the globe are over 
250,000 amateur radio operators who perform 
a service defined in international law as one of 
"self-training, intercommunication and techni-
cal investigations carried on by . . . duly author-
ized persons interested in radio technique solely 
with a personal aim and without pecuniary 
interest." 

From a humble beginning at the turn of the 
century, amateur radio has grown to become 
an established institution. Today the Ameri-
can followers of amateur radio number over 
200,000, trained communicators from whose 
ranks will come the professional communica-
tions specialists and executives of tomorrow — 
just as many of today's radio leaders were first 
attracted to radio by their early interest in 
amateur radio communication. A powerful 
and prosperous organization now provides a 
bond between amateurs and protects their 
interests; an internationally respected maga-
zine is published selely for their benefit. The 
military services seek the cooperation of the 
amateur in developing communications re-
serves. Amateur radio supports a manufactur-
ing industry which, by the very demands of 
amateurs for the latest and best equipment, 
is always up-to-date in its designs and pro-
ducthm techniques — in itself a national 
asset. Amateurs have won the gratitude of 
the nation for their heroie performances in 
times of natural disaster; traditional amateur 
skills in emergeney eommunication are also the 
stand-by system for the nation's civil defense. 
Amateur radio is, huleed, a magi ifirently useful 
institut hm. 

Although as old as the art of radio itself, 
amateur radio (lid not always enjoy such 
prestige. Its first enthusiasts wore private 
(It izens of an experimental turn of mind whose 
imaginations went wild when Marc.ffli first 
proved that messages actually could be sent 
by wireless. They set about learning enough 
about the new scientific marvel to build home-
made spark transmitters. By 1912 there were 
numerous Government and commercial stations, 
and hundreds of amateurs; regulation was needed, 
so laws, licenses and wavelength specifications 
appeared. There was then no amateur organiza-
tion nor spokesman. The official viewpoint toward 
amateurs was something like this: 

"Amateurs? . . . Oh, yes. . . . Well, stick 
'em on 200 meters and below; they'll never 
get out of their backyards with that." 

But as the years rolled on, amateurs found 
out how, and DX (distance) jumped from local 
to 500-mile and even occasional 1000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaying developed into 
a fine art — an ability that was to prove in-
valuable when the Government suddenly called 
hundreds of skilled amateurs into war service 
in 1917. Meanwhile U. S. amateurs began to 
wonder if there were amateurs in other coun-
tries across the seas and if, some day, we might 
not span the Atlantic on 200 meters. 

Most important of all, this period witnessed 
the birth of the American Radio Relay League, 
the amateur radio organization whose name 
was to be virtually synonymous with subse-
quent amateur progress and short-wave de-
velopment. Conceived and formed by the 
fatuous inventor, the late Hiram Percy Maxim, 
ARRL was formally launched in early 1914. It 
had just begun to exert its full force in amateur 
activities when the United States declared war 
in 1917, and by that act sounded the knell for 
amateur radio for the next two and a half 
years. There ‘vere then over 6000 amateurs. 
Over 4000 of them served in the armed forces 
during that war. 

Today, few amateurs realize that World 
War I not only marked the close of the first 
phase of amateur development but came very 

HIRAM PERCY MAXIM 
President ARRL, 1914-1936 
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1- AMATEUR RADIO 

near marking its end for all time. The fate of 
amateur radio was in the balance in the days 
immediately following the signing of the Armi-
stice. The Government, having had a taste of 
supreme authority over communications in 
wartime, was more than half inclined to keep 
it. The war had not been ended a month before 
Congress was considering legislation that would 
have made it impossible for the amateur radio 
of old ever to be resumed. ARRL's President 
Maxim rushed to Washington, pleaded, ar-
gued, and the bill was defeated. But there was 
still no amateur radio; the war ban continued. 
Repeated representations to Washington met 
only with silence. The League's offices had 
been closed for a year and a half, its rec-
ords stored away. Most of the former amateurs 
had gone into service; many of them would 
never come back. Would those returning be 
interested in such things as amateur radio? 
Mr. Maxim, determined to find out, called a 
meeting of the old Board of Directors. The 
situation was discouraging: amateur radio still 
banned by law, former members scattered, no 
organization, no membership, no funds. But 
those few determined men financed the pub-
lication of a notice to all the former amateurs 
that could be located, hired Kenneth B. 
Warner as the League's first paid secretary, 
floated a bond issue among old League mem-
bers to obtain money for immediate running 
expenses, bought the magazine QST to be the 
League's official organ, started activities, and 
dunned officialdom until the wartime ban was 
lifted and amateur radio resumed again, on 
October 1, 1919. There was a headlong rush 
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard 
put to supply radio apparatus fast enough. 
Each night saw additional dozens of stations 
crashing out over the air. Interference? It was 
bedlam! 
But it was an era of progress. Wartime needs 

had stimulated technical development. Vac-
uum tubes were being used both for receiving 
and transmitting. Amateurs immediately 
adapted the new gear to 200-meter work. 
Ranges promptly increased and it became 
possible to bridge the continent with but one 
intermediate relay. 

• TRANSATLANTICS 
As DX became 1000, then 1500 and then 

2000 miles, amateurs began to dream of trans-
atlantic work. Could they get across? In De-
cember, 1921, ARRL sent abroad an expert 
amateur, Paul F. Godley, 2ZE, with the best 
receiving equipment available. Tests were run, 
and thirty American stations were heard in 
Europe. In 1922 another transatlantic test, 
was carried out and 315 American calls were 
logged by European amateurs and one French 
and two British stations were heard on this 
aide. 

Everything now was centered on one objec-
tive: two-way amateur communication across 

the Atlantic! It must be possible - but some-
how it couldn't quite be done. More power? 
Many already were using the legal maximum. 
Better receivers? They had superheterodynes. 
Another wavelength? What about those un-
disturbed wavelengths below 200 meters? The 
engineering world thought they were worth-
less — but they had said that about 200 met-
ers. So, in 1922, tests between Hartford and 
Boston were made on 130 meters with encour-
aging results. Early in 1923, ARRL-sponsored 
tests on wavelengths down to 90 meters were 
successful. Reports indieated that as the wave-
length dropped the results were better. Excitement 
began to spread through amateur ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama-
teur transatlantic communication was accom-
plished, when Schnell, IMO, and Reinartz, 
1XAM (now W4CF and K6BJ, respectively) 
worked for several hours with Deloy, 8AB, 
in France, with all three stations on 110 me-
ters! Additional stations dropped down to 
100 meters and found that they, too, could 
easily work two-way across the Atlantic. The 
exodus from the 200-meter region had started. 
The " short-wave" era had begun! 
By 1924 dozens of commercial companies 

had rushed stations into the 100-meter region. 
Chaos threatened, until the first of a series of 
national and international radio conferences 
partitioned off various bands of frequencies 
for the different services. Although thought 
still centered around 100 meters, League offi-
cials at the first of these frequency-determining 
conferences, in 1924, wisely obtained amateur 
bands not only at 80 meters but at 40, 20, and 
even 5 meters. 

Eighty meters proved so successful that 
"forty" was given a try, and QS0s with Aus-
tralia, New Zealand and South Africa soon 
became commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
pected possibilities when 1XA 11 worked 6TS 
on the West Coast, direct, at high noon. The 
dream of amateur radio — daylight DX! — 
was finally true. 

• PUBLIC SERVICE 
Amateur radio is a grand and glorious 

hobby but this fact alone would hardly merit 
such wholehearted support as is given it by 
our Government at international conferences. 
There are other reasons. One of these is a thor-
ough appreciation by the military and civil de-
fense authorities of the value of the amateur 
as a source of skilled radio personnel in time 
of war. Another asset is 1)est described as "publie 
service." 

About 4000 amateurs had contributed their 
skill and ability in ' 17-18. After the war it was 
only natural that cordial relations should pre-
vail between the Army and Navy and the ama-
teur. These relations strengthened in the next 
few years and, in gradual steps, grew into co-
operative activities which resulted, in 1925, in 
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Public Service 

tlie establishment of the Naval Communica-
tions Reserve and the Army-Amateur Radio 
System (now the Military Affiliate Radio 
System). In World War II thousands of ama-
teurs in the Naval Reserve were called to ac-
tive duty, where they served with distinction, 
while many other thousands served in the 
Army, Air Forces, Coast Guard and Marine 
Corps. Altogether, more than 25,000 radio 
amateurs served in the armed forces of the 
United States. Other thousands were engaged 
in vital civilian electronic research, develop-
ment and manufacturing. They also organized 
and manned the War Emergency Radio Serv-
ice, the communications section of OCD. 

The " public-service" record of the amateur 
is a brilliant tribute to his work. These activi-
ties can be roughly divided into two classes, 
expeditions and emergencies. Amateur co-
operation with expeditions began in 1923 when 
a League member, Don Mix, ITS, of Bristol, 
Conn. ( now assistant technical editor of QST), 
accompanied MacMillan to the Arctic on the 
schooner Bowdoin with an amateur station. 
Amateurs in Canada and the U.S. provided the 
home contacts. The success of this venture was 
so outstanding that other explorers followed suit. 
During subsequent years a total of perhaps two 
hundred voyages and expeditions were assisted by 
amateur radio, the several explorations of th.e 
Autant it being perhaps the best known. 

Since 1913 amateur radio has been the prin-
cipal, and in many cases the only, means of 
outside communication in several hundred 
storm, flood and earthquake emergencies in 
this country. The 1936 and 1937 eastern states 
floods, the Southern California flood and Long 
Island-New England hurricane disaster in 1938, 
the Florida-Gulf Coast hurricanes of 1947, and 
the 1955 flood disasters called for the amateur's 
greatest emergency effort. In these disasters 
and many others — tornadoes, sleet storms, 
forest lints, blizzards — amateimi played a major 
rôle in the relief work and ettrited wide eotn-
mendation for their resoureefidness in effecting 
communication where all other means had failed. 
During 1938 ARRL inaugurated a new emer-
gency-preparedness program, registering person-
nel and equipment in its Emergency Corps tool 
putting into effect a comprehensive program of 
cooperation with the Red Cr t tss. and in 1947 a 
National Emergeney Coordinat tr was appointed 
to full-time duty at League headquarters. 
The amateur's outstanding record of organized 

preparation for emergency communications and 
performance under fire has been largely respon-
sible for the decision of the Federal Government 
to set up special regulations and set aside special 
frequencies for use by amateurs in providing 
auxiliary communications for civil defense pur-
poses in the event of war. Under the banner. 
"Radio Amateur Civil Emergency Service,- a n - 
tours are setting up and manning community told 
area networks integrated with civil defense func-
tions of the municipal governments. Should a war 
cause the shut-down of routine amateur activi-

ties, the RACES will be immediately available in 
the tutt it mal defense, manned by amateurs highly 
skilled in emergency communication. 

• TECHNICAL DEVELOPMENTS 
Throughout these many years the amateur 

was careful not to slight experimental develop-
ment in the enthusiasm incident to interna-
tional DX. The experimenter was constantly 
at work on ever-higher frequencies, devising 
improved apparatus, and learning how to 
cram several stations where previously there 
was room for only one! In particular, the ama-
teur pressed on to the development of the very 
high frequencies and his experience with five 
meters is especially representative of his in-
itiative and resourcefulness and his ability to 
make the most of what is at hand. In 1924, first 
amateur experiments in the vicinity of 56 Mc. 
indicated that band to be practically worth-
less for DX. Nonetheless, great " short-haul" 
activity eventually cante about in the band 
and new gear was developed to meet its special 
problems. Beginning in 1934 a series of inves-
tigations by the brilliant experimenter, Ross 
Hull ( later QST's editor), developed the theory 
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of 
better distances; while occasional manifesta-
tions of ionospheric propagation, with still 
greater distances, gave the band uniquely er-
ratic performance. By Pearl Harbor thousands 
of amateurs were spending much of their time 
on this and the next higher band, many having 
worked hundreds of stations at distances tip to 
several thousand miles. Transcontinental 6-
meter DX is not uncommon; during solar peaks, 
even the oceans have been bridged! It is a 
tribute to these indefatigable amateurs that 
today's concept of v.h.f. propagation was de-
veloped largely through amateur research. 
The amateur is constantly in the forefront of 

technical progress. His incessant curiosity, his 
eagerness to try anything new, are two reasons. 
Another is t hat ever-growing amateur radio 
continually overcrowds its frequency assign-
tnents, spurring amateurs to the development 
and adoption of new techniques to permit the 

A corner of the ARRL laboratory. 
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1- AMATEUR RADIO 

accommodation of more stations. For examples, 
amateurs turned from spark to c.w., designed 
more selective receivers, adopted crystal control 
and pure d.c. power supplies. From the ARRL's 
own laboratory in 1932 came James Lamb's " sin-
gle-signal" superheterodyne — the world's most 
advanced high-frequency radiotelegraph receiver 
—and, in 1936, the "noise-silencer" circuit. 
Amateurs are now turning to speech " clippers" to 
reduve bandwidths of phone transmissions and 
"siliglii-siilebtuid suppressed-carrier" systems as 
well as even more selectivity in receiving equip-
ment for greater efficiency in spectrum use. 
During World War II, thousands of skilled 

amateurs contributed their knowledge to the 
development of secret radio devices, both in 
Government and private laboratories. Equally 
as important, the prewar technical progress by 
amateurs provided the keystone for the de-
velopment of modern military communications 
equipment. Perhaps more important today 
than individual contributions to the art is the 
mass cooperation of the amateur body in 
Government projects such as propagation 
studies; each participating station is in reality 
a separate field laboratory from which re-
ports are made for correlation and analysis. An 
out standing example was varied amateur partici-
pation in several activities of the International 
Gimihysica I Year program. ARIM, with Air 
Force sponsorship, conducted an intensive study 
of via. propagation phenomena — DX trans-
missions via little-understood methods such as 
meteor arid auroral reflections, tua I transequa-
torial scatter. Alt M-affiliated clubs and groups 
have operated precision receiving antennas ti ta  
apparatus to help track earth satellites via radio. 
For vol linteer as t ronomerssearching visually foV±the 
satellites, other anuit et rs have manned networks to 
provide instant radio reports of sightings to a cen-
tral agency so that an orbit might be computed. 

Emergency relief, expedition contact, ex-
perimental work and countless instances of 
other forms of public service — rendered, as 
they always have been and always will be, 
without hope or expectation of material re-
ward — made amateur radio an integral part 
of our peacetime national life. The importance 
of amateur participation in the armed forces 
and in other aspects of national defense have 
emphasized more strongly than ever that ama-
teur radio is vital to our national existence 

• THE AMERICAN RADIO RELAY 
LEAGUE 

The AR RL is today not only the spokesman 
for amateur radio in this country but it is the 
largest amateur organization in the world. It is 
strictly of, by and for amateurs, is noncom-
mercial and has no stockholders. The members 
of the League are the owners of the ARRL and 
QST. 
The League is pledged to promote interest in 

two-way amateur communication and experi-
mentation. It is interested in the relaying of 

The operating room at W I AW. 

messages by amateur radio. It concerned with 
the advancement of the radio art. It stands for 
the maintenance of fraternalism and a high 
standard of conduct. It represents the amateur 
in legislative matters. 
One of the League's principal purposes is to 

keep amateur activities so well conducted that 
the amateur will continue to justify his ex-
istence. Amateur radio offers its followers 
countless pleasures and unending satisfaction. 
It also calls for the shouldering of responsi-
bilities — the maintenance of high standards, 
a cooperative loyalty to the traditions of 
amateur radio, a dedication to its ideals and 
principles, so that the institution of amateur 
radio may continue to operate " in the public 
interest, convenience and necessity." 
The operating territory of ARRL is divided 

into one Canadian anti fifteen U. S. divisions. 
The affairs of the League are managed by a 
Board of Directors. One director is elected 
every two years by the membership of each 
U. S. division, and one by the Canadian member-
ship. These directors then choose the president 
and vice-president, who are also members of the 
Board. The secretary and treasurer are also ap-
pointed by the Board. The directors, as represen-
tatives of the amateurs in their divisions, meet 
annually to examine current amateur problems 
and formulate ARRL policies thereon. The di-
rectors appoint a general manager to supervise 
the operations of the League and its headquarters, 
and to carry out the policies and instructions of 
the Board. 
ARRL owns and publishes the monthly 

magazine, QST. Acting as a bulletin of the 
League's organized activities, QS7' also serves 
as a medium for the exchange of ideas and fos-
ters amateur spirit. Its technical articles are 
renowned. It has grown to be the " amateur's 
bible." as well as one of the foremost radio 
magazines in the world. Membership dues in-
clude a subscription to QST. 
AR RL maintains a model headquarters 

amateur station, known as the Iliram Percy 
Maxim Memorial Station, in Newington, 
Conn. Its call is W1AW, the call held by Mr. 
Maxim until his death and later transferred 
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The ARRL 

to the League station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the 
station to be heard regularly all over the 
world. More important, W 1 A W transmits on 
regular schedules bulletins of general interest 
to amateurs, conducts code practice as a 
training feature, and engages in two-way work 
on all popular bands with as many amateurs 
as time permits. 

At the headquarters of the League in West 
Hartford, Conn., is a well-equipped laboratory 
to assist staff members in preparation of 
technical material for QST and the Rodio 
Amateur's Handbook. Among its other ac-
tivities, the League maintains a Communica-
tions Department concerned with the operat-
ing activities of League members. A large field 
organization is headed by a Section Communi-
cations Manager in each of the League's 
seventy-three sect ions. There are appointments 
for qualified members in various fields, as out-
lined in Chapter 24. Special activities and contests 
promote operating skill. A special section is 
reserved each month in QST for amateur news 
from every Flertion of the country. 

• AMATEUR LICENSING IN THE 
UNITED STATES 

Pursuant to the law. FCC has issued de-
tailed regulations for t Itt. amateur service. 
A radio amateur is a duly authorized person 

interested in radio technique solely with a per-
sonal aim and without pecuniary interest. A ma-
teur operator licenses are given to U. S. citi-
zens who pass an examination on operation 
and apparatus and on the provisions of law 
and regulations affecting amateurs, and who 
demonstrate ability to send and receive code. 
There are four available classes of amateur license 
— Novice, Technician, General (called " Condi-
tional" if exam taken by mail), and Amateur 
Extra Class. Each has different requirements, the 
first two being the simplest and consequently con-
veying limited privileges as to frequencies avail-
able. Exams for Novice, Technician and Condi-
tional classes are taken by mail under the super-
vision of a volunteer examiner. Station licenses 
are granted only to licensed operators and permit 
communication between such stations for ama-
teur purposes, i.e., for personal noncommercial 
aims flowing from an interest in radio technique. 
An amateur station may not be used for material 
compensation of any sort nor for broadcasting. 
Narrow bands of frequencies are allocated exclu-
sively for use by amateur stations. Transmissions 
may be on any frequency within the assigned 
bands. All the frequencies may be used for c.w. 
telegraphy; some are available for radiotele-
phone, others for special forms of transmission 
such as teletype, facsimile, amateur television or 
radio control. The input to the final stage of 
amateur stations is limited to 1000 watts and 
on frequencies below 144 Mc. must be ade-
quately filtered direct current. Emissions must be 
free from spurious radiations. The licensee most 

provide for measurement of the transmitter 
frequency and establish a procedure for check-
ing it regularly. A complete log of station oper-
ation must be maintained, with specified data. 
The station license also authorizes the • holder 
to operate portable and mobile stations subject 
to further regulations. All radio licensees are 
subject to penalties for violation of regulations. 

Amateur licenses are issued entirely free of 
charge. They can be issued only to citizens but 
that is the only limitation, and they are given 
without regard to age or physical condition to 
anyone who successfully completes the exam-
ination. When you are able to copy code at the 
required speed, have studied basic transmitter 
theory and are familiar with the law and ama-
teur regulations, you are ready to give serious 
thought to securing the Government amateur 
licenses which are issued you, after examina-
tion by an FCC engineer (or by a volunteer, de-
pending on the license class), through FCC at 
Washington. A complete up-to-the-minute dis-
cussion of license reqttirements, and study guides 
for tip.se preparing for the examinations, are to 
be Mond in an ARRL publication, The Radio 

,Amin/ ir 's License Manual, available from the 
Amin : 111 Radio Relay League, West Hartford 
7, Curl 1., for 50é, post paid. 

• LEARNING THE CODE 
In starting to learn the code, you should 

consider it simply another means of conveying 

A didah 

B dahdididit 

C dahdidahdit 

D dahdidit 

E dit 

F dididahdit 

G dahdahdit 

H didididit 

I didit 

J didahdahdah 

K dahdidah 

L didahdidit 

M dahdah 

1 didahdahdahdah 

2 diilitrahdahdah 
3 didididahdah 

4 dididididah 

5 dididididit 

N dandit 

O dandandah 

P didandandit 

Q dandandidah 

R didandit 

S dididit 

T dah 

U didi- dah 

✓ didididah 

W didandah 
X dandididah 

Y dandidandah 

Z dandandidit 

6 dandidididit 

7 dandandididit 

8 dandandandidit 
— — —  9 dandandandandit 

O dandandandandah 
— — — — — 

Period: didandidandidah. Comma: dandah-

dididandah. Question mark: dididandandidit. 

Error: didididididididit. Double dash :dandididi-

dah. Wait: didandididit. End of message: 

didandidandit. Invitation to transmit: dandi-
dah. End of work: didididandidah. Fraction 

bar: dandididandit. 

Fig. 1-1 —The Continental (International Morse) code. 
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1- AMATEUR RADIO 

information. The spoken word is one method, 
the printed page another, and typewriting and 
shorthand are additional examples. Learning 
the code is as easy — or as difficult — as 
learning to type. 
The important thing in beginning to study 

code is to think of it as a language of sound, 
never as combinations of dots and dashes. It 
easy to " speak" code equivalents by using 
"dit" and "dah," so that A would be "didah " 
(the "t" is dropped in such combinations). The 
sound " di" should be staccato; a code char-
acter such as " 5" should sound like a machine-
gun burst: dididididit! Stress each "dah'• 
equally; they are underlined or italicized in 
this text because they should be slightly 
accented and drawn out. 
Take a few characters at a time. Learn them 

thoroughly in didah language before going 
on to new ones. If someone who is familiar 
with code can be found to " send" to you, 
either by whistling or by means of a buzzer 
or code oscillator, enlist his cooperation. 
Learn the code by listening to it. Don't think 
about speed to start; the first requirement is 
to learn the characters to the point where 
you can recognize each of them without 
hesitation. Concentrate on any difficult letters. 
Learning the code is not at all hard; a simple 
booklet treating the subject in detail is another of 
the beginner publications available from the 
League, and is entitled, Learning the Radiotele-
graph Code, 500 postpaid. 

Code-practice transmissions are sent by WI AW 
every evening at 2130 EST (EDST May through 
October). See Chapter 24, " Code Proficiency." 

• THE AMATEUR BANDS 
Amateurs are assigned bands of frequencies 

at approximate harmonic intervals throughout 
the spectrum. Like assignments to all services, 
they are subject to modification to fit the 
changing picture of world communications 
needs. Modifications of rules to provide for do-
mestic needs are also occasionally issued by FCC, 
and in that respect each amateur should keep 
himself informed by W1AW bulletins, QST re-
ports, or by communication with ARRL Hq. 
concerning a specific point. 

In the adjoining table is a summary of the 
U. S. amateur bands on which operation is per-
mitted as of our press date. Figures are mega-
cycles. AO means an unmodulated carrier, Al 
means c.w. telegraphy, A2 is tone-modulated c.w. 
telegraphy, A3 is amplitude-modulated phone, 
A4 is facsimile, A5 is television, n.f.m. designates 
narrow-band frequency- or phase-modulated ra-
diotelephony, f.m. means frequency modulation, 
phone (including n.f.m.) or telegraphy, and Fl 
is frequency-shift keying. 

80 
meters 

3.500-4.000 
3.500-3.800 
3.800-4.0(10 

7.000-7.300 
40 in. 7.000-7.200 

7.200-7.300 

— Al 
— lil 
— A3 and tam. 

—AI 
— Fl 
— A3 and n.f.m. 

14.000-14.350 — AI 
20 in. 14.000-14.200 — Fl 

14,200-14.300 — A3 and n.f.m. 
14.300-14.350 — F I 

21.000-21.450 — Al 
15 in. 21.000-21.250— F I 

21.250- 21.450 — A3 and n.f.m. 

28.000-29.700 — AI 
10 to. 28.500- 29.700 — A3 and n.f.m. 

29(5)0-29.700— f.to. 

50• 54 — AI, A2, A3, A4, n.f.m. 
6 in. 51-54 — As 

52.5, 54 — fan. 

144-148 — Al, AS, Al, A2, A3, A4. 
2 m. 2.,0 .,95J fin. 

420-450, AS, AI, A2, A3, A4, A5, 
1,215-1,300 j f.m. 
2,300- 2,450 1 
3,500- 3,700 
5,650- 5,925 AS, Al, A2, A3, A4, A5, 
10,000-10,5002 fin.. 11110e 
21,000-22,000 

All above 30,000 

, Input power must t ut exceed 50 watts. 
2 No pulse permitted n this band. 
NOTE: The bands 220 through 10,500 \1c. are 

shared with the Government Radio Positioning 
Service, which has priority. 

In addition, Al and A3 on portions of 
1.800-2.000, as follows: 

Area 
Minn., Iowa, Wis., Mich.. l'a., 
Md., Del. and states to north 

N.D., S.D., Nebr., Colo., N. 
Mex., and states west, includ-
ing Hawaiian Ids. 

Okla., Kans., Mo., Ark., Ill., 
Ind., Ky., Tenn., Ohio, W. 
Va., Va., N. C., S. C., and 
Texas (west of 99° W or north 
of 32° N) 

No operation elsewhere. 

*Except in state of Washington, 200 watts day, 50 watts 
night. 

Novice licensees may use the following 
frequencies, transmitters to be crystal-con-
trolled and have a maximum power input 
of 75 watts. 

l'ocrer ( wane) 
Band .kc. Day Nigh, 
1800-1825 500 200 

500* 200* 
1975-2000 

1800-1825 200 50 

3.700-3.750 Al 21.100-21.250 A 1 
7.150-7.200 Al 145-147 AI, A2, 

A3, f.m. 

Technician licensees are permitted all 
amateur privileges in 50-54 Mc., 145-
147 Mc., and in the bands 220 Mc. and 
above. 
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CHAPTER 2 

Electrical Laws 

and Circuits 
• ELECTRIC AND MAGNETIC 

FIELDS 

When something occurs at one point in space 
because something else happened at another 
point, with no visible means by which the "cause" 
can be related to the "effect," we say the two 
events are connected I iv a field. In radio work, the 
fields with which we are concerned are the elec-
tric and magnetic, and the combination of the two 
called the electromagnetic field. 
A field has two important properties, intensity 

(magnitude) and direction. The field exerts a 
force on an object immersed in it; this force 
represents potential (ready-to-be-used) energy, 
so the potential of the field is a measure of the 
field intensity. The direction of the field is the 
direction in which the object on u hich the force 
is exerted will tend to move. 
An electrically charged object in an electric 

field will be acted on by a lone that will tend to 
move it in a direction determined by the direc-
tion of the field. Similarly, a magnet in a magnetic 
field will be subject to a force. Everyone has seen 
demonstrations of magnetic fields with pocket 
magnets, so intensity and direction are not hard 
to grasp. 

A "static" field is one that neither moves nor 
changes in intensity. Such a field can be set up 
by a stationary electric charge (electrostatic 
field) or by a stationary magnet (magnetostatic 
field). But if either an electric or magnetic field is 
moving in space or changing in intensity, the 
motion or change sets up the other kind of field. 
That is, a ('hanging electric field sets up a mag-
netic field, and a changing magnetic field gen-
erates an electric field. This interrelationship 
Iwtween magnetic and electric fields makes pos-
sible such things as the electromagnet and the 
electric motor. It also makes possible the electro-
magnetic waves by which radio communication 
is carried on, for such waves are simply traveling 
fields in which the energy is alternately handed 
back and forth between the electric and mag-
netic fields. 

Lines of Force 

Although no one knows what it is that com-
poses the field itself, it is useful to invent a 
picture of it that will help in visualizing the 
forces and the way in which they act. 
A field can be pictured as being made up of 

lines of force, or flux lines. These are purely 
imaginary threads that show, by the direction 
in which they lie, the direction the object on 

which the force is exerted ‘Viii move. The number 
of lines in a chosen cross section of the field is a 
measure of the intensity of the force. The number 
of lines per unit of area (square inch or square 
centimeter) is called the flux density. 

• ELECTRICITY AND THE ELECTRIC 
CURRENT 

Everything physical is built up of atoms, par-
ticles so small that they cannot be seen even 
through the most powerful microscope. But the 
atom in turn consists of several different kinds of 
still smaller particles. One is the electron, essen-
tially a small particle of electricity. The quantity 
or charge of electricity represented by the elec-
tion is, in fact, the smallest quantity of elec-
tricity that can exist. The kind of electricity 
associated with the electron is called negative. 
An ordinary atom consists of a central come 

called the nucleus, around which one or more 
electrons circulate somewhat as the earth and 
other planets circulate around the sun. The 
nucleus has an electric charge of the kind of 
electricity called positive, the amount of its 
charge being just exactly equal to the sum of the 
negative charges on all the electrons associated 
with that nucleus. 
The important fact about these two "oppo-

site" kinds of electricity is that they are strongly 
attracted to each other. Also, there is a strong 
force of repulsion between two charges of the 
same kind. The positive nucleus and the negative 
electrons are, attracted to each other, but two 
electrons will be repelled from each other and so 
will two nuclei. 

In a normal atom the positive (large on the 
nueleus is exactly balanmil by the negative 
charges On the ehwtrinis. However, it is possible 
for an atom to lose one 01 its elect ions. When that 
happens the atom has a lit t h less negative charge 
than it should — that is, it has a net positive 
charge. Such an atom is said to be ionized, and 
in this case the atom is a positive ion. If an atom 
picks up an extra electron, as it sometimes does, 
it has a net negative charge and is called a 
negative ion. A pi isit ive ion will attract any stray 
electron in the vieinity, including the extra one 
that may be attached to a nearby negative ion. 
In this way it is possible for electrons to travel 
from atom to atom. The movement of ions or 
electrons constitutes the electric current. 
The amplitude of t he eu rrent ( its intensity or 

magnitude) is determined by the rate at whirli 
eleetric eharge - • an accumulation of chit ions 
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2- ELECTRICAL LAWS AND CIRCUITS 

or ions of the same kind — moves ' nisi a point in 
a circuit. Since the charge on a single electron or 
ion is extremely small, the number that must 
move as a group to form even a tiny current is 
almost inconceivalily large. 

Conductors and Insulators 

Atoms of some materials, notably metals and 
acids, will give up an electron readily, but atoms 
of other materials will not part with any of their 
electrons even when the electric force is ex t remely 
strong. Materials in which electrons,, or ions can 
be moved with relative ease are called conductors, 
while those that refuse to permit such movement 
are called nonconductors or insulators. The fol-
lowing list shows how some common materials 
divide between the conductor and insulator 
classifications: 

Conductors 

Metals 
Carbon 
Acids 

Insulators 

Dry Air 
Wood 
Porcelain 
Textiles 
Glass 
Rubber 
Resins 

Electromotive Force 

The electric force or potential (called electro-
motive force, and abbreviated e.m.f.) that causes 
current flow may be developed in several ways. 
The action of certain chemical solutions on dis-
similar metals sets up an e.m.f.; such a combina-
tion is called a cell, and a group of cells forms an 
elect !sic battery. The amount of current that such 
cells can carry is limited, and in the course of 
current flow one of the metals is eaten away. The 
amount of electrical energy that can be taken 
frt an a battery consequently is rather small. 
Where a large amount of energy is needed it is 
usually furnished by an electric generator, wh 
develops its e.m.f. by a combination of magei•T i,• 
and mechanical means. 

In picturing current flow it is natural to think 
of a single, constant force causing the electrons to 
move. When this is so, the electrons always move 
in the sanie direction through a path or circuit 
made up of conductors connected together in a 
continuous chain. Such a current is called a 
direct current, abbreviated d.c. It is the type of 
current furnished by batteries and by certain 
types of generators. However, it is also possilile 
to have an e.m.f. that periodically reverses. With 
t his kind of e.m.f. the current flows first in one 
direction through the circuit and then in the 
other. Such an e.m.f. is called an alternating 
e.m.f., and the current is called an alternating 
current (abbreviated a.c.). The reversals (alter-
nations) may occur at any rate from a few per 
second up to several billion per second. Two re-
versals make a cycle; in one cycle the force acts 
first in one direction, then in the other, and then 
returns to the first direction to begin the next 
cycle. The number of eyeles in one second is 
called the frequency of the alternating current. 

Direct and Alternating Currents 

The difference between direct current and 
alternating current is shown in Fig. 2-1. In these 
graphs the horizontal axis measures time, in-
creasing toward the right away from the vertical 
axis. The vertical axis represents the amplitude 
or strength of the current, increasing in either 
the up or down direction away from the hori-
zontal axis. If the graph is above the horizontal 
axis the current is flowing in one direction through 
the circuit (indicated by the -I- sign) and if it is 
below the horizontal axis the current is flowing 
in the reverse direction through the circuit (indi-
cated by the — sign). Fig. 2-1A shows that, if we 
close the circuit — that is, make the path for the 
current complete — at the time indicated by X, 
the current instantly takes the amplitude indi-
cated by the height A. After that, the current 
continues at the same amplitude as time goes on. 
This is an ordinary direct current. 

In Fig. 2-1B, the current starts flowing with 
the amplitude A at time X, continues at that 
amplitude until time Y and then instantly ceases. 
After an interval YZ the current again begins to 
flow and the same sort of start-and-stop per-
formance is repeated. This is an intermittent direct 
current. We could get it by alternately closing 
and opening a switch in the circuit. It is a direct 
current because the direction of current flow does 
not change; the graph is always on the -I- side of 
the horizontal axis. 

In Fig. 2-1C the current starts at zero, in-
creases in amplitude as time goes on until it 
reaches the amplitude A1 while flowing in the -I-
direction, then decreases until it drops to zero 
amplitude once more. At that time (X) the 

A 

Time 

Tfl 
X Y`-'Z Time 

Fig. 2-1—Three types of current flow. A—direct current; 
B—intermittent direct current; C—alternating current. 
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Frequency and Wavelength 

direction of the current flow reverses; this is indi-
cated by the fact that the next part of the graph 
is below the axis. As time goes on the amplitude 
increases, with the current now flowing in the — 
direction, until it reaches amplitude A2. Then 
the amplitude decreases until finally it drops to 
zero ( Y) and the direction reverses once more. 
This is an alternating current. 

Waveforms 

The type of alternating current shown in Fig. 
2-1C is known as a sine wave. The variations in 
many a.c. waves are not so smooth, nor is one 
half-cycle necessarily just like the preceding one 
in shape. However, these complex waves can be 
shown to lw the sum of two or more sine waves of 
frequencies t hat are exact integral (whole-num-
ber) multiples of some lower frequency. The 
lowest frequency is called the fundamental fre-
quency, and the higher frequencies (2 times, 3 
times the fundamental frequency, and so on) are 
called harmonics. 

Fig. 2-2 shows how a fundamental and a 
second harmonic (twice the fundamental) might 
add to form a complex wave. Simply by changing 
the relative amplitudes of the two waves, as well 
as the times at which they pass through zero 
amplitude, an infinite number of waveshapes can 
be constructed from just a fundamental and 
second harmonic. Waves that are still more com-
plex can be constructed if more harmonies are 
used. 

Electrical Units 

The unit of electromotive force is called the 
volt. An ordinary flashlight cell generates an 
e.m.f. of about 1.5 volts. The e.m.f. commonly 
supplied for domestic lighting and power is 115 
volts, usually a.c. having a frequency of 60 cycles 
per second. The voltages used in radio receiving 
arid transmitting circuits range from a few volts 
(usually a.c.) for filament heating to as high as a 
few thousand d.c. volts for the operation of power 
tubes. 
The flow of electric current is measured in 

amperes. One ampere is equivalent to the move-
ment of many billions of electrons past a point 
in the circuit in one second. Currents in the 
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct 
currents used in amateur radio equipment usually 
are not so large, and it is customary to measure 
such currents in milliamperes. One milliampere 
is equal to one one-thousandth of an ampere, or 
1000 milliamperes equal one ampere. 
A "d.c. ampere" is a measure of a steady cur-

rent, but the "a.c. ampere" must measure a 
current that is continually varying in amplitude 
and periodically reversing direction. To put the 
two on the same basis, an a.c. ampere is defined 
as the amount of current that will cause the saine 
heating effect (see later section) as one ampere 
of steady direct current. For sine-wave a.c., this 
effective (or r.m.s.) value is equal to the maxi-
mum amplitude (A1 or :12 in Fig. 2-1C) multiplied 
by 0.707. The instantaneous value is the value 

FUNDAMENTAL 

Fig. 2-2—A complex waveform. A fundamental (top) and 
second harmonic (center) added together, point by point 
at each instant, result in the waveform shown at the bot-
tom. When the two components have the same polarity at 
a selected instant, the resultant is the simple sum of the 
two. When they have opposite polarities, the resultant is 
the difference; if the negative-polarity component is 

larger, the resultant is negative at that instant. 

that the current (or voltage) has at any selected 
instant in the cycle. 

If all the instantaneous values in a sine wave 
are averaged over a half-cycle, the resulting 
figure is the average value. It is equal to 0.636 
times the maximum amplitude. The average 
value is useful in connection with rectifier sys-
tems, as described in a later chapter. 

• FREQUENCY AND 
WAVELENGTH 

Frequency Spectrum 

Frequencies ranging from about 15 to 15,000 
cycles per second are called audio frequencies, 
because the vibrations of air particles that our 
ears recognize as sounds occur at a similar rate. 
Audio frequencies (abbreviated al.) are used to 
actuate loudspeakers and thus create sound 
waves. 

Frequencies above about 15,000 cycles are 
called radio frequencies (r.f.) because they are 
useful in radio transmission. Frequencies all the 
way up to and beyond 10,000,000,000 cycles 
have been used for radio purposes. At radio fre-
quencies the numbers become so large that it be-
comes convenient to use a larger unit than the 
cycle. Two such units are the kilocycle, which ir 
equal to 1000 cycles and is abbreviated kc., and 
the megacycle, m hich is equal to 1,000,000 cycles 
or 1000 kilocycles and is abbreciated Mc. 
The various radio frequencies are divided off 

into classifications for ready identification. These 
classifications, listed below, constitute the fre-
quency spectrum so far as it extends for radio 
pulp( ises at the present time. 
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2 — ELECTRICAL LAWS AND CIRCUITS 

Frequency 
10 to 30 kc. 
30 to 300 ke. 
300 to 3000 ka. 
3 to 30 Mc. 
30 to 300 Me. 
300 to 3000 Me. 
3000 to 30,000 Mc. 

Very-low frequencies 
Low frequencies 
Xleditim frequencies 
Iligh fret tiennes 
Very-high frequencies 
Ultrahigh frequencies 
Superhigh frequencies 

Classification Ablereriation 
v.l.f. 
If. 
In.f. 

v.11.f 
uhf. 
5.11.f. 

Wavelength 

Radio waves travel at the same speed as light 
— 300,000,000 meters or about 186,000 miles a 
second in space. They can be set up by a radio-
frequency current flowing in a circuit, because 
the rapidly changing current sets up a magnetic 
field that changes in the sanie way, and the y-
ing magnetic field in turn sets up a varying elec-
tric field. And whenever this happens, the two 
fields move outward at the speed of light. 

rent has a frequency of 
second. The fields will 
reversals (one cycle) in 
t hat same period of time 
the wave — will move 
meters, or 100 meters. 
has moved that distance 

Suppose an r.f. eur 
3,000,000 cycles per 
go through complete 
1/3,000,000 second. In 
the fields — that is, 
300,000,000/3,000,000 
By the time the wave 

the next cycle has begun and a new wave has 
started out. The first wave, in other words, covers 
a distance of 100 meters before the beginning of 
the next, and so on. This distance is the wave-
length. 
The longer the time of one cycle — that is, the 

lower the frequency — the greater the distance 
occupied by each wave and hence the longer the 
wavelength. The relationship between wave-
length and frequency is shown by the formula 

- 300' 000  
X  

where X = Wavelength in meters 
f = Frequency in kilocycles 

300 
or 

where X = Wavelength in meters 
f = Frequency in megacycles 
Example: The wavelength corresponding to a 

frequency of 3650 kilocycles is 

300 000 
X = —= 82.2 meters 

3650 

Resistance 
Given two conductors of the same size and 

shape, but of different materials, the amount of 
current that will flow when a given e.m.f. is 
applied will be found to vary with what is called 
the resistance of the material. The lower the re-
sistance, the greater the current for a given value 
of e.m.f. 

Resistance is measured in ohms. A circuit has 
a resistance of one ohm when an applied e.m.f. 
of one volt causes a current of one ampere to 
flow. The resistivity of a material is the resistance, 
in ohms, of a cube of the material measuring one 
centimeter on each edge. One of the best con-
ductors is copper, and it is frequently convenient, 
in making resistance calculations, to compare 
the resistance of the material under consideration 
wit h that of a copper conductor of the same size 
and shape. Table 2-1 gives the ratio of the re-
sistivity of various conductors to that of copper. 
The longer the path through which the current 

flows the higher the resistance of that conductor. 
For direct current and low-frequency alternating_ 

TABLE 2-1 

Relative Resistivity of Metals 

nexiNtirity 
Material ( ffltpared to Copper 

Al lllll ilium ware)  1.70 
Brass   3.57 
Cad  
( I . 82 
Copper ( liard-drawn)   I . 12 
(:upper (annealed) 1 . on 
Iron ( pure)   5.65 
I.ead   Il . 3 
Nickel 6  25 tit 8.33 
Phosphor Bronze . 2 . 78 
Silver  0.94 
Tin  7.70 
Zinc  3.5.1 

currents (up to a fe i% thousand cycles per second) 
the resistance is inversely proportional to the 
cross-sectional area of the path the current must 
travel; that is, given two e, wiluctors of the saine 
material and having the same length, but differ-
ing in cross-sectional area, the one with the 
larger area will have the lower resistance. 

Resistance of Wires 

The problem of determining the resistance of 
a round wire of given diameter :Ind length — or 
its opposite, findiug a suitable size and length of 
ivire to supply a desired amount of resistance — 
can be easily solved with the help of the copper-
wire table given in a later chapter. This table 
gives the resismnee, in ohms per thousand feet, 
of each : 1:111(larcl wire size. 

Example: Suppose a n,istanee of 3.5 obtus in 
needed and some No. 28 ‘vire is on hand. The 
wire table in Chapter 20 shows that No. 28 has 
a resistance of 66.17 ohms per thousand feet. 
Since the desired resistance is 3.5 ohms, the 
length of wire required will he 

3.5 
X IORO = 52.89 feet. 

66.17 

Or, supito.se that the resistance of the wire in 
the circuit must not exceed 0.05 ohm and that 
the length of wire required for making the con-
nections totals 14 feet. 'Hum 

14 
— X ohm 
1000 

where /,' is the maximum allow:tide resistance in 
111111IS per thousand feet. Rearranging the for-
mula give... 

0.05 X 1000 - - 3.57 ohms 1000 ft. 
14 

Referente to the wire table shows that No. 15 is 
the smallest size having a 1.u-1:lance less than 
this value. 

When the wire is not copper, the resistance 
values given in the wire table should be multi-
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Resistance 

Types of resistors used in radio equip-
ment. Those in the foreground with wire 
leads are carbon types, ranging in size 
from 1/2 watt at the left to 2 watts at 
the right. The larger resistors use re-
sistance wire wound on ceramic tubes; 
sizes shown range from 5 watts to 100 
watts. Three are of the adjustable type, 
haying a sliding contact on an exposed 

section of the resistance winding. 

plied by the ratios given in Table 2-I to obtain 
the resistance. 

Example: If the wire in the first example were 
iron instead of copper the length required for 
3.5 ohms would be 

3.5 
X 1000 = 9.35 feet. 

66.17 X 5.65 

Temperature Effects 

The resistance of a conductor changes with 
its temperature. Although it is seldom necessary 
to consider temperature in making resistance 
calculations for amateur work, it is well to know 
that the resistance of practically all metallic 
conductors increases with increasing tempera-
ture. Carbon, however, acts in the opposite Ivay ; 
its resistance decreases when its tempera tu te rises. 
The temperature effect is important when it is 
necessary to maintain a constant resistance under 
all conditions. Special materials that have little 
or no change in resistance over a wide tempera-
ture range are used in that case. 

Resistors 

A "package" of resistance made up into a 
single unit is called a resistor. Resistors having 
the same resistance value may be considerably 
different in size and construction. The flow of 
current through resistance causes the conductor 
to become heated; the higher the resistance and 
the larger the current, the greater the amount of 
heat developed. Resistors intended for carrying 
large currents must be physically large so the heat 
can be radiated quickly to the surrounding air. 
If the resistor does not get rid of the heat quickly 
it may reach a temperature that will cause it to 
melt or burn. 

Skin Effect 

The resistance of a conductor is not the same 
for alternating current as it is for direct current. 
When the current is alternating there are internal 
effects that tend to force the current to flow 
mostly in the outer parts of the conductor. This 
decreases the effective cross-sectional area of the 
conductor, with the result that the resistance 
increases. 

For low audio frequencies the increase in re-
sistance is unimportant, but at radio frequencies 
this skin effect is so great that practically all the 
current flow is confined within a few thousandths 
of an inch of the conductor surface. The r.f. 
resistance is consequently many times the d.c. 
resistance, and increases with increasing fre-
quency. In the r.f. range a conductor of thin 
tubing will have just as low resistance as a solid 
conductor of the same diameter, because material 
not close to the surface carries practically no 
current. 

Conductance 

The reciprocal of resistance (that is, 1/R) is 
called conductance. It is usually represented by 
the symbol G. A circuit having large conductance 
has low resistance, and vice versa. In radio work 
the term is used chiefly in connection with 
vacuum-tube characteristics. The unit of MI-
ductance is the mho. A resistance of one ohm has 
a conductance of one mho, a resistance of 1000 
ohms has a conductance of 0.001 mho, and so on. 
A unit frequently used in connection with vacuum 
tubes is the micromho, or one-millionth of a mho. 
It is the conductance of a resistance of one 
megohm. 

• OHM'S LAW 
The simplest form of electric circuit is a bat-

tery with a resistance connected to its terminals, 
as shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so current 

Fig. 2-3—A simple circuit 
consisting of a battery and 

resistor. 
=-Batt. 

can flow out of the battery, through the apparatus 
connected to it, and back into the battery. The 
circuit is broken, or open, if a connection is re-
moved at any point. A switch is a device for 
making and breaking connections and thereby 
closing or opening the circuit, either allowing 
current to flow or preventing it from flowing. 
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2-ELECTRICAL LAWS AND CIRCUITS 

TABLE 2-1I 

Conversion Factors for Fractional and 
Multiple Units 

To change from To Divide by Multiply by 

Units Micro-units 
Milli-units 
Kilo-units 
Mega-units 

1000 
1,000,000 

1,000,000 
1000 

Micro-units NliIli-units 
Units 

1000 
1,000,000 

\1 ill-units Micro-nulls 
Units 1000 

1000 

Kiln-units Inits 
. Mega- ts lfYYJ 

1000 

Mlega-units Units 
Kilo- nn its 

1,000,00() 
I ( H10 

The values of current, voltage and resistance 
in a circuit are by no means independent of each 
other. The relationship between them is known 
as Ohm's Law. It can be stated as follows: The 
current flowing in a circuit is directly propor-
tional to the applied e.m.f. and inversely propor-
tional to the resistance. Expressed as an equa-
tion, it is 

E (volts)  
/ (amperes) — 

(ohms) 

The equation above gives the value of current 
n hen the voltage and resistance are known. 
It may be transposed so that each of the three 
quantities may be found when the other two are 
known: 

E = In 

(that is, the voltage acting is equal to the cur-
rant in amperes multiplied by the resistance in 
ohms) and 

R=4  

(or, the resistance of the circuit is equal to the 
tapplitql voltage divided by the current). 

. \ II three forms of the equation are used almost 
constant ly in radio work. It must be remembered 
that the quantities are in volts, ohms and amperes; 
other units cannot be used in the equations 
without first being converted. For example, if the 
current is in milliamperes it must be changed to 
the equivalent fraction of an ampere before the 
value can be substituted in the equations. 
Table 2-II shows how to convert between the 

various units in common use. The prefixes at-
tached to the basic-unit name indicate the nature 
of the unit. These prefixes are: 

micro — one-millionth (abbreviated p) 
milli — one-thousandth (abbreviated na) 
kilo — one thousand (abbreviated h) 

mega — one million (abbreviated M) 

For example, one microvolt is one-millionth of 
a volt, and one megohm is 1,000,000 ohms. There 
are therefore 1,000,000 microvolts in one volt, 
and 0.000001 megohm in one ohm. 

The following examples illustrate the use of 
Ohm's Law: 
The current flowing in a resistance of 20,000 

ohms is 150 milliamperes. What is the voltage? 
Since the voltage is to be found, the equation to 
use is E = Tice current must first be con-
verted front tidlliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1000. Therefore, 

150 
E = - - - X 20,000 = 3000 volts' 

1000 

When a voltage of 150 is applied to a circuit 
tlte current is measured at 2.5 amperes. What is 
the resistance of the circuit? In this case R is the 
unknown, so 

= E - = 5-0 = 60 ohms 
/ 2.5 

No conversion was necessary because the volt-
age and current were given in volts and amperes. 
I low mueh current will flow if 250 volts is ap-

plied to a 5000-olou resistor? Since I is unknown 

E 250 
I = - — = 0.05 ampere 

it 5000 

Milliampere units would be more convenient for 
the current, and 0.05 amp. X 1000 = 50 mil-
Haim cures 

e SERIES AND PARALLEL 
RESISTANCES 

Very few actual electric circuits are as simple 
as the illustration in the preceding section. Com-
monly, resistances are found connected in a 

Fig. 2-4—Resistors 
connected in series 

and in parallel. 

Source I SE RIES 
of EivIF 

Source 
of ErVI.F. 

PARALLEL 

R2 

variety of ways. The two fundamental methods 
of connecting resistances are shown in Fig. 2-4. 
In the upper drawing, the current flows from the 
source of e.m.f. ( in the direction shown by the 
arrow, let us say) down through the first re-
sistance, RI, then through the second, R2, and 
then back to the source. These resistors are con-
nected in series. The current everywhere in the 
circuit has the same value. 

In the lower drawing the current flows to the 
common connection point at the top of the two 
resistors and then divides, one part of it flowing 
through RI and the other through R2. At the 
lower connection point these two currents again 
combine; the total is the same as the current 
that flowed into the upper common connection. 
In this case the two resistors are connected in 
parallel. 
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Series and Parallel Resistance 

Resistors in Series 

When a circuit has a number of resistances 
connected in series, the total resistance of the 
circuit is the sum of the individual resistances. 
If these are numbered RI, R2, R3, etc., then 

R(total) = R + R2 Ra R4 + • • • • 

where the dots indicate that as many resistors as 
necessary may be added. 

Example: Suppose that three rem stors are 
eonnected to a source of ean.f. as shown in Fig. 
2-5. The e.m.f. is 250 volts, 11, s 5000 ohms, 
112 is 20,000 ohms, and is 140011 ohms. The 
total resistance is then 

= 11.3 Ra = 5000 -I- 20,000 -I- S000 
= 33,000 01111IS 

The current flowing in the circuit is then 

E 250  
/ — =  — 0.00757 amp. = 7.57 nia. 

R 33,000 

(We need not carry calculations beyond three 
significant figures, and often two will suffice 
because the accuracy of measurements is seldom 
better than a few per cent.) 

Voltage Drop 

Ohm's Law applies to any part of a circuit as 
well as to the whole circuit. Although the cur-
rent is the same in all three of the resistances 
in the example, the total voltage divides among 
them. The voltage appearing across each resistor 
(the voltage drop) can be found from Ohm's Law. 

Example: If the voltage airosa Ri ( Fig. 2-5) 
is called E'1, that across 112 is Idled E2, and that 
across RSis ealled Es, then 

l!,*1 = /HI = 0.00757 X 5000 = 37.9 volts 
Ei2 = 1112 = 0.15)737 X 20,000 = 151.4 volts 

11(5 = 0.00757 X 8000 -= 60.6 volts 

The applied voltage 11111st etilial the stun of the 
individual voltage drm,s: 

E = £2 ES -"=, 37.9 -I- 151.4 -I- 60.6 
= 249.9 volts 

The answer would have been more nearly exact 
if the current had been calculated to more deci-
mal ',laces, but as explained above a very high 
order of accuracy is not necessary. 

In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 

R, 

— E.250 V. 

5000 

8000 

20,C, 

R3 

Fig. 2-5—An example 

of resistors in series. 

The solution of the cir-

cuit is worked out in the 

text. 

resistance is expressed in kilohms rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm's Law the current will be in 
milliamperes if the e.m.f. is in volts. 

Resistors in Parallel 

In a ci: tut with resistances in parallel, the 
total resistance is less than that of the lowest 
value of resistance present. This is because the 

total current is always greater than the current 
in any individual resistor. The formula for finding 
the total resistance of resistances in parallel is 

R — 1 

1 , 1 , 1 , 1 ,   
— — — — 
RI R2 R3 R4 

where the dots again indicate that any number 
of resistors can be combined by the same method. 
For only two resistances in parallel (a very com-
mon ease) the formula becomes 

=  R1R2  

Rt 113 

Example: If a 500-olun resistor is paralleled 
with one of 1200 iduns, the total resistance is 

= R1 R2 500 X 1200 — 600,000 
le + 500 1200 1700 

= 353 ohms 

It is probably easier to solve practical prob-
lems by a different method than the "reciprocal 
of reciprocals" formula. Suppose the three re-

=-Er250V. R' 
5000 20,000 

Fig. 2-6—An example of esistors in parallel. The solution 

is worked out in the text. 

sistors of the previous example are connected in 
parallel as shown in Fig. 2-6. The same 
250 volts, is applied to all three of the resistors. 
The current in each can be found fmni Ohm's 
Law as shown below, Il being the current 
through RI, /3 the eurrent t hrough 112 and /3 the 
current through RS. 

For convenience, the resistance will be expressed 
in kilotons so the current will be in milliamperes. 

E 231) = — = 50 ma. 
kt 

, E 250 12 = — = — 12.5 ma. 
/e2 20 

E 250 = = 
Ra 8 

The total current is 

/ = /2 -1- / a = 50 + 12.5 + 31.25 
= 93.75 nia. 

The total resistance of the circuit is therefore 

E 2311 
= - - .7 = 2.66 kilobit's ( 2660 ohms) 
/ 935 

It 

Is = 31.25 nia. 

Resistors in Series-Parallel 

An actual circuit iony have resistances both in 
parallel and in serie,-. To illustrate, we use the 
same three resistances again, but now connected 
as in Fig. 2-7. The method of solving a circuit 
such as Fig. 2-7 is as follows: Consider 112 

and R3 in parallel as though they formed a 
single resistor. Find their equivalent resistance. 
Then this resistance in series with RI forms a 
simple series circuit, as shown at the right in 
Fig. 2-7. 
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2- ELECTRICAL LAWS AND CIRCUITS 

Req. 
— Er2.0v. (Equivalent R 

of R2 and Ry 
in parallel) 

rig. 2-7—An example of resis ors in series-parallel. The 
equivalent circuit is at the right. The solution is worked 

out in the text. 

Example: 'rite first step 's to find the is 
resistance of 112 and Ra. rrom the formula 

for two resistanees in parallel. 
—  112111 20 X 8 160 

+ ha 20 + 8 28 

= 5.71 kilotons 
The total resistan,',, in the eireuit is then 

It -= = S 4- 5.71 kilotons 
= 10.71 kilotons 

The current is 
E 250  
— — = 23.3 nia. 

11 10.71 

The voltage drops across RI and R., are 
Et ¡IIi = 23.3 X 5 = 117 volts 
E2 = = 23.3 X 5.71 = 133 volts 
with sullieient accuraey. These total 250 volts, 
thus checking the ealculations so far, because 
the sum of the voltage drops must equal the 
applied voltage. Since lea api wars apross lint II 112 
and 

, E2 1:33 
12 — = ma. 

112 20 

E2 133 
13 = — = — 16.6 ma. 

E3 

where 12 = CUrrent through 112 
/3 = CUrrent through /ea 

The total is 23.25 ma.. which checks closely 
enough with 23.3 ma_ the current through the 
whole circuit. 

• 
Power — the rate ) if doing wok — is equal 

to voltage multiplied by current. The unit of 
electrical power, called the watt, is equal to one 
volt multiplied by one ampere. The equation 
for power therefore is 

/2 --- El 
where l' = Power in watts 

E = E.m.f. in volts 
= Current in amperes 

Common fractional and multiple units for 
power are the miffiwatt, one one-thousandth of 
a watt, and the kilowatt, or one thousand watts. 

Example: The plate voltage on a transmitting 
vacuum tube is 2000 volts and the plate eurrent 
is 350 milliamperes. (The current must be 
changed to amperes before substitution in the 
formula, and so is 0.35 amp.) Then 

P = El = 2000 X 0.35 = 700 watts 

By substituting the Ohm's Law equivalents 
for E and I, the following formulas are obtained 
for power: 

E2 
I' = — 

R 

= 121? 

These formulas are useful in power calculations 

POWER AND ENERGY 

when the resistance and either the current or 
voltage (hut not both are known. 

Example: llow lamer will be used up 
in a 4000-ohni resistor if tlw voltage applied to 
it is 200 volts? From the equation 

E, (200)2 .10.000 
  — 10 watts 

It 4030 .1000 

Or, suppose a current of 20 milliamperes flows 
through a 300-ohnt resistor. Then 

P = 1211 = (0.02)2 X 300 = 0.0004 X 300 
— 0.12 watt 

Xote that the current was changed from mil-
liamperes to amperes before substitution in the 
formula. 

Electrical power in a resistance is turned 
into heat. The greater the power the more 
rapidly the heat is generated. Resist)trs for radio 
work are made in Ina ny sizes, the smallest being 
rated to "dissipate- early safely) about .14 
watt. The largest resistors used in amateur equip-
ment will dissipate a I ),ut 100 watts. 

Generalized Definition of Resistance 

Electrical power is not always turned into heat. 
The power used in running a motor, for example, 
is converted to mechanical motion. The power 
supplied to a radio transmitter is largely con-
verted into radio W1tV08. POWur applied to a loud-
speaker is changed into 80tilld Wtt %PS. I tut in every 
case of this kind the power is i•ompletely "used 
up" — it cannot be recovered. Also, for proper 
operation of the device the power must be sup-
plied at a definite ratio of voltage to current. 
Both these features are (.11aracteristics of resist-
ance, so it can be said that ally device that dissi-
pates power has a definite value of "resistance." 
This concept of resistance as something that 
absorbs power at a definite voltage, current ratio 
is very useful, since it permits substituting a 
simple resistance for the load or power-consum-
ing part of the device receiving power, often with 
considerable simplification of calculations. Of 
course, every elect rical device has some resistance 
of its own in the Ire« narrow sense, so a part of 
the power supplied to it is dissipated in that 
resist a nce and hence appears as heat even though 
t lie ma j) ir part of the power may be converted to 
another form. 

Efficiency 

In devices such as motors and vacuum tubes, 
the object is to obtain power in some other 
form than heat. Therefore power used in heat-
ing is considered to be a loss, because it is not 
the useful power. The efficiency of a device is 
the useful power output ( in its converted form) 
divided by the power input to the device. 
In a vacuum-tube transmitter, for example, 
the object is to convert power from a d.c. 
source into a.c. power at some radio frequency. 
The ratio of the r.f. power output to the d.c. 
input is the efficiency of the tube. That is, 

Eff. = — 
Pt 
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Capacitance 

where Eff. = Efficiency (as a decimal) 
= Power output (watts) 
= Power input (watts) 

Example: If the d.c. input to the tube is 100 
watts and the cf. power output is 60 watts, the 
efficiency is 

Eff.P., 60 = = = 0.6 

Efficiency is usually expressed as a percentage; 
that is, it tells what per cent of the input power 
will be available as useful output. The efficiency 
in the above example is 60 per cent. 

Energy 

In residences, the power company's bill is 
for electric energy, not for power. What you 
pay for is the work that electricity does for 
you, not the rate at which that work is done. 

Electrical work is equal to power multiplied by 
time; the common unit is the watt-hour, which 
means that a power of one watt has been used 
for one hour. That is, 

W = PT 
where W = Energy in watt-hours 

/' = Power in watts 
T = Time in hours 

Other energy units are the kilowatt-hour and 
the watt-second. These units should be self-
explanatory. 
Energy units are seldom used in amateur 

practice, but it is obvious that a small amount 
of power used for a long time can eventually 
result in a "power" bill that is just as large as 
though a large amount of power had been 
used for a very short time. 

Capacitance 
Suppose two flat metal plates are placed close 

to each other (but not touching) and are eon-
fleeted to a battery through a switch, as shown in 
Fig. 2-8. At the instant the switch is closed, elec-
trons will be attraeted from the upper plate to the 
positive terminal of the battery, and the same 

number will be repelled into the lower plate from 

Metal Plates 

Fig. 2-8—A 
simple ca-

pacitor. 

the negative battery terminal. Enough electrons 

move into one plate and out of the other to make 

the e.m.f. between them the same as the e.m.f. of 
the battery. 

If the switch is opened after the plates have 

been charged in this way, the top plate is left with 
a deficiency of electrons and the bottom plate 

with an txcess. The plates remain charged despite 

the fact that, the battery no longer is connected. 
However, if a wire is touched between the two 

plates (short-circuiting them) the excess electrons 
on the bottom plate will flow through the wire to 

the upper plate, thus restoring electrical neutral-

ity. 'The plates have then been discharged. 
The two plates constitute an electrical capacitor, 

and from the discussion above it should be char 
that a capacitor possesses the property of storing 

electricity. (The energy actually is stored in the 

electric field between the plates. It should :Lis!) 

be clear that during the t 110. 1.11 .11M115 are 
moving — t hat is, while tlie capacitor is being 

charged or discharged — a current is flowing in 

the circuit even though the circuit is " broken" 

by the gap between the capacitor plates. How-

ever, the current flows only dot ing the time of 

charge and discharge, and 1i1i time is usually 

very short. There can be no continuous flow of 

direct current "through" a capacitor. 

The charge or quantity of electricity that 

can be placed on a capacitor is proportional to 
the applied voltage and to the capacitance of the 
capacitor. The larger the plate area and the 

smaller the spacing bet n.con the plate the greater 

the capacitance. The capacitance also depends 

upon the kind of insulat ing material bet ween the 

plates; it is smallest with air insulation, but sub-

stitution of other insulating materials for air may 

increase the capacitance many times. The ratio 
of the eapacitance with some material other than 

air I wt a.14.ti the plates, to the eapaeitanee of the 

same capacitor with air insulation, is called the 

specific inductive capacity or dielectric constant 
of that particular insulating material. The ma-

terial itself is called a dielectric. l'he dielectric 

constants of a number of materials commonly 

used as dielectrics in capacitors are given in 

Table 2-III. If a sheet of photographie glass is 
substituti4I for air between the plates of a ea-
park or, for example, the capacitance will be 

increased 7.5 times. 

TABLE 2-Ill 
Dielectric Constants and Breakdown Voltages 

Material 

Air 
Alsimag A196 
Bakelite (paper-base) 
Bakelite (mica-filled) 
:ellulose acetate 

Fiber 
Formica 
Glass (window) 
Glass (photographic) 
Glass (Pyrex) 
I.ucite 
Mica 
Mica (clear India) 
NI scales 
Paper 
Polyethylene 
Polystyrene 
Porcelain 
'tubber (hard) 
Steatite (low doss) 
Teflon 
Wood (dry oak) 

Dielectric Puncture 
Constant l'olsage* 

1.0 19.8-22.8 
5.7 240 

3.8-5.5 650-750 
5-6 475-600 
6-8 300-1000 
5-7.5 150-180 

4.6-4.9 450 
7.6-8 200-250 

7.5 
4.2-4.9 335 
2.5-3 480-500 
2.5-8 
6.4-7.5 600-1500 

7.4 250 
2.0-2.6 1250 
2.3-2.4 1000 
2.4-2.9 500-2500 
6.2-7.5 40-100 
2-3.5 450 
4.4 150-315 

1.9-2.6 709-1100 
2.5-6.8 

" In volts per mil (0.001 inch). 
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2- ELECTRICAL LAWS AND CIRCUITS 

Unit 

The fundamental unit of capacitance is the 
farad, but this unit is much too large for prac-
tical work. Capacitance is usually measured in 
microfarads (abbreviated ed.) or micromicro-
farads (.qhf.). The microfarad is one-millionth 

Fig. 2-9—A multiple- plate capacitor. Alternate plates are 
connected together. 

of a farad, and the mien onicrofttrad is one-mil-
lionth of a mierafarad. Capavitors nearly always 
have more thzut two plates, the alternate plates 
being connected ti )( t to form two sets as 
shown in Fig. 2-9. This makes it possible to attain 
:t fairly large eapaeitance in a small space, since 
several plates of smaller indivi(lual area can be 
stacked to fOrm the equivalent of a single large 
plate of the same total area. Also, all plates, 
except the two on the ends, are exposed to plates 
of the other group on both sides, and so are twice 
flS effeetive in increasing the capacitance. 
The formula for calculating capacitance is: 

KA 
C = 0.224 — (n — 1) 

d 

where C = Capacitance in ppf. 
K = Dielectric constant of material be-

tween plates 
A = Area of one side of one plate in 

square inches 
d = Separation of plate surfaces in inches 
n = Number of plates 

If the plates in one group do not have the same 
area as the plates in the other, use the area of 
the smeller plates. 
The usefulness of a capavitor in electrical 

circuits lies in the fact that it can be charged 
with elect rival energy at one time and then dis-
charged at a later tinte. In other words, it is an 
"electrical reservoir." 

Capacitors in Radio 

The t.\ pos of capacitors used in radio work 
differ considerably in physical size, constructicm, 
and capacitance. Some representative types are 
shown in the photograph. In variable capacitors 
(almost always constructed with air for the 
dielectric) one set of plates is mack movable with 
respect to the other set so that the capacitance 
can be varied. Fixed capacitors — that is, assm-
blies having a single, non-adjustable value of 
caparitance — also can be made with metal 
plates and with air as the dielectric, but usually 
are constructed from plates of metal foil with a 
thin solid or liquid dielectric sandwiched in be-
tween, so that a relatively large capacitance 
can be secured in a small unit. The solid dielectrics 
commonly used are mica, paper and special 
ceramics. An example of a liquid dielectric is 
mineral oil. The electrolytic capacitor uses alumi-
num-foil plates with a semiliquid conducting 
chemical compound between them; the actual 
dielectric is a very thin film of insulating ma-
terial that forms on one set of plates through 
electrochemical action when a d.c. voltage is 
amtlied to the capacitor. The capavitat we ob-
tained with a given plate area in an oled  lviii 
rapavit or is very large, compared with ealEfeitors 
having other dielectrics, because the film is so 
extremely thin — much less than any thickness 
that is punt leal le with a solid dieleet ric. 

Voltage Breakdown 

When a high voltage is applied to the plates 
of a capacitor, a considerable force is exerted 
on the electrons and nuclei of the dielectric. 
Because the dielectric is an insulator the elec-
trons do not become detached from atoms the 
way they do in conductors. However, if the 
force is great enough the dielectric will "break 
down"; usually it will puncture and may char 
(if it is solid) and permit current to floc. The 
breakdown voltage depends upon the kind and 
thickness of the dielectric, as shown in Table 
2-11E. It is not directly prf port ional to the 
thickness; that is, doubling the thickness does 
not quite double the breakdown voltage. If the 
dielectric is air or any other gas, breakdown is 

Fixed and variable capacitors. The 
large unit at the left is a transmitting-
type variable capacitor for r.f. tank 
circuits. To its right are other air-
dielectric variables of different sizes 
ranging from the midget "air padder" 
to the medium-power tank capacitor 
at the top center. The cased capacitors 
in the top row are for power-supply 
filters, the cylindrical-can unit being an 
electrolytic and the rectangular one 
a paper-dielectric capacitor. Various 
types of mica, ceramic, and paper-
dielectric capacitors are in the fore-

ground. 
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Capacitors 

evidenced by a spark or arc between the plates, 
but if the voltage is removed the arc ceases and 
the capacitor is ready for use again. Break-
down will occur at a lower voltage between 
pointed or sharp-edged surfaces than between 
rounded and polished surfaces; consequently, 
the breakdown voltage between metal plates of 
given spacing in air can be increased by buffing 
the edges of the plates. 

Since the dielectric must be thick to with-
stand high voltages, and since the thicker the 
dielectric the smaller the capacitance for a given 
plate area, a high-voltage capacitor must have 
more plate area than a low-voltage one of the 
same capacitance. High-voltage high-capacitance 
capacitors are physically large. 

• CAPACITORS IN SERIES AND 
PARALLEL 

The ternis "parallel and "series" when used 
ith reference to capai t as have the same circuit 

meaning as with resist anees. When a number of 
capacitors are connected in parallel, as in Fig. 
2-10, the total capacitance of the group is equal 
to the sum of the individual capacitances, so 

C (total) = C1 + C2 + C3 + C4 + 

However, if two or more capacitors are 
connected in series, as in the second drawing, 
the total capacitance is less than that of the 
smallest capacitor in the group. The rule for 
finding the capacitance of a number of series-
connected capacitors is the same as that for 
finding the resistance of a number of parallel-
connected resistors. That is, 

C (total) 

CI C2 C3 Cs 

and, for only two capacitors in series, 

1 

C (total) — ('1C2 
+ Cs 

The same units must be used throughout; 
that is, all capacitances must be expressed in 
either mf. or i.e.; both kinds of units cannot be 
used in the saine equation. 

Capacitors ate connected in parallel to ob-
tain a larger total capacitance than is available 
in one unit. The largest voltage that can be ap-
plied safely to a group of capacitors in parallel 
is the voltage that can be applied safely to the 
one having the /arrest voltage rating. 
When capacitors are eonnected in series, the 

applied voltage is divided up among them; the 
situation is much the same as when resistors 
are in series and there is a voltage drop across 
each. However, the voltage that appears across 
each capacitor of a group connected in series 
is in inrerse proportion to its capacitance, as 

o  

Source 
of EME 

o 

c,,r 
1 

1 1 
CT CT  

ji 

Source 
cl 

SERIES 

Fig. 2- 10— Capac-
itors in series and 

parallel. 

compared with the capacitance of the whole 
group. 

Example: Three capacitors having capaci-
tances of 1, 2 anti 4 uf., respectively. are con-
nected in series as shown in Fig. 2-11. The total 
capacitance is 

C —  1  1  1 4 
1 1 1 1 1 1 7 7 
Ci+ — — — - — CS Ca 1+ 2 4 4 

= 0.571 id. 

The voltage across each capacitor is propor-
tional to the htlal capacitance divided by the ca-
pacitance of the capacitor in question, so the 
voltage across 

0.571 
= — X 2000 = 1142 volts 

1 

Similarly. the voltages across C2 and Cs are 

E2 = X 2000 — 571 volts 
2 

Le3 = C4 711 X 2000 = 280 volts 

totaling approximately 2000 volts, the applied 
voltage. 

Capacitors are frequently connected in series 
to enable the group to withstand a larger voltage 
(at the expense of decreased total capacitance) 
than any individual capacitor is rated to stand. 
I however, as shown by the previous example, the 
applied voltage does not divide equally among 
the capacitors (except when all the capacitances 
are the same) so care must be taken to see that 
the voltage rating of no capacitor in the group 
is exceeded. 

E.2000 V. 

Fig. 2-11 — An example of capacitors connected in series. 
The solution to this arrangement is worked out in the text. 
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Inductance 
It is possible to show t hat the flow of current 

through a conductor is : lee, impanied by magnetic 
effects; a compass needle brought near the elm-
(ludo'', for example, Will he ( 1(41(41(41 fr0111 its 
normal north-south position. The current, in 
other words, sets up a magnet iv field. 
The transfer of energy lo the magnetic field 

represents work done by the source of e.m.f. 
l't)wer is lit uired for doinig work, and since power 
is equal to current multiplied by voltage, there 
lutist be a voltage drop in the circuit during the 
time in which energy is being stored in the field. 
This volt age "drop" ( which has nothing to do 
with the voltage drop in any resistance in the 
eireuit) is the result of an opposing voltage 
"induced" in the circuit while t he field is building 
up to its final value. When the field becomes 
constant t he induced e.m.f. or back e.m.f. disap-
pears, since no further energy is being stored. 

Since the indured e.m.f. opposes the e.m.f. of 
the source, it tends to prevent the current front 
rising rapidly when the circuit is closed. The 
amplitude of the induced e.m.f. is proportional 
to t he rate at which the current is changing and 
to a constant associated wit Ii the circuit itself, 
called t he inductance of the circuit. 

Inductance depends on the physipal char-
acteristics of the conductor. If the conductor 
is formed into a coil, for example, its induetance 
is increased. A coil of many turns will have more 
induetanee than one of few turns, if both coils 
are otherwise physivally similar. Also, if a coil is 
placed on an iron (aire its induelance will be 
greater than it was without t he magnetic core. 
The polarity of an induced e.m.f, is always 

such as to oppose any change in the current in t he 
circuit. This means t hat when the ettrrellt in the 
circuit is increasing, work is being done against 
t he induced e.in.f. I y storing energy in the mag-
netic field. If the current in the circuit tends to 
decrease, t he stored energy of the field returns to 
the circuit, and thus adds to the energy being 

sill )1,l ied by the source of e.m.f. This tends to keep 
t he current flowing even though the applied 
e.m.f may be decreasing or be removed entirely. 
The values of inductance used in radio equip-

ment vary over a wide range. Inductance of 
several henrys is required in power-supply 
circuits (see chapter on Power Supplies) and to 
obtain such values of inductance it is necessary 
to use coils of many turns wound on iron cores. 
In radio-frequency circuits, the inductance values 
used will be measured in millihenrys (a millihenry 
is one one-thousandth of a henry) at low fre-
quencies, and in microhenrys (one one-millionth 
of a henry) at medium frequencies and higher. 
Although coils for radio frequencies may be 
wound on special iron cores (ordinary iron is not 
suitable) most r.f. coils made and used by ama-
teurs are of the "air-core" type: that is, wound on 
an insulating support consisting of nonmagnetic 
material. 
Every conductor has inductance, even though 

the conductor is not formed into a coil. The 
inductance of a short length of straight wire 
is small, but it may not be negligible Ixwause 
if the current through it changes its intensity 
rapidly enough the induced voltage may be 
appreciable. This will be the ease in even a few 
inches of wire when an alternating current having 
a frequency of the order of 100 Mc. or higher is 
flowing. However, at much lower frequencies the 
inductance of the same wire could be left out of 
any calculations because the induced voltage 
would be negligil)ly small. 

Calculating Inductance 

The inductance of air-core coils may be calcu-
lated from the formula 

0.2 a2n 2  
L (ph.) 

9b -F 10c 

where L = Inductance in microhenrys 
a = Average diameter of coil in inches 
b = Length of winding in inches 

Inductors for power and radio fre-
quencies. The two iron-core coils at the 
left are "chokes" for power-supply 
filters. The mounted air-core coils at 
the top center are adjustable inductors 
for transmitting tank circuits. The "pie. 
wound" coils at the left and in the fore-
ground are radio-frequency choke 
coils. The remaining coils are typical of 
inductors used in r.f, tuned circuits, the 
larger sizes being used principally for 

transmitters. 
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c = Radial depth of winding in inches 
n = Number of turns 

The notation is explained in Fig 2-12. The 

Fig. 2-1 2 — Coil dimensions 

used in the inductance formula, a. 

quantity 10c may be neglected if the coil only 
has one layer of wire. 

Example: Assume a coil having 35 turns of 
No 30 d.s.c. wire on a form 1.5 inches in diam-
eter. Consulting the wire table, 35 turna of No. 
30 da.c, will occupy 0.5 inch. Therefore, 
a = 1.5, b = 0.3, s, = 33, and 

0.2 X ( 1.5)2 X (35) ,,  
5 ph, 

(3 X 1.5) + (9 X 0.5) 

To calculate the number of turns of a single-
layer coil for a required value of inductance: 

-1-9b  
A.  

0.2(12 

Example: Suppose an induetanee of 10 micro-
henrys is required. The form on which the coil is 
to be wound has a diameter of one inch and is 
long enough to aeroluntodat(' a coil length oft1,i, 
inches. Then a = 1, b = 1.23, and L = 10. 
Substituting, 

N  = \ /(3 X I) + (9 X 1'23) X 10 
0.2 X 1, 

.\/  14.25 
X 10 

0.2 
= 26.6 turns. 

A 27-turn coil would tse close enough to the re-
quired value of inductance, in practical work. 
Since the coil will be 1.25 inches long, the num-
ber of turns per inch will be 27/1.25 = 21.6. 
Consulting the wire table, we find that No. 18 
enameled wire ( or any smaller size) can be used. 
The proper inductance is obtained by winding 
the required number of turns on the torus and 
then adjusting the spacing between the turns to 
make a uniformly-spaced roil 1.23 ineheo long. 

Inductance Charts 

Most inductance formulas lose accuracy when 
applied to small coils (such as are used in 
v.h.f. work and ill low-pass filters built for reduc-
ing harmonic interference to television) because 
the conductor thickness is no longer negligible in 
comparison with the size of the coil. Fig. 2-13 
shows the measured inductance of v.h.f. coils, 
and may be used as a basis for circuit design. 
Two curves are given: curve . 1 is for coils wound 
to an inside diameter of's inch; curve B is for 
coils of 3%-inch inside diameter. In both curves 
the wire size is No. 12, winding pitch 8 turns to 
the inch ( AI inch center-to-center turn spacing). 
The inductance values given include leads !4 
inch long. 
The charts of Figs. 2-14 and 2-15 are useful 

for rapid determination of the inductance of 
coils of the type commonly used in radio-fre-
quency circuits in the range 3-30 Mc. They are 
based on the formula above, and are of sufficient 
accuracy for most practical work. Given the coil 

length in inches, the curves show the multiplying 
factor to be applied to the inductance value given 
in the table below the curve for a coil of the same 
diameter and number of turns per inch. 

Example: A coil 1 inch in diameter is 134 
incises long and has 20 turns. Therefore it has 
16 turns per inch, and from the table under Fig. 
2-15 it is found that the reference inductance 
for a coil of this diameter and number of turns 
per inch is 16.8 pli. From curve B in the figure 
the multiplying factor is 0.35, so the inductance 
is 

16.8 X 0.35 = 5.9 gh. 

The charts also can be used for finding suit-
able dimensions for a coil having a required value 
of inductance. 

Example: A coil having an inductance of 12 
ph. is required. It is to be wound on a form 
having a diameter of 1 inch. the length available 
for the winding being not more than I incises. 
From Fig. 2-15, the multiplying factor fur a 1-inch 
diameter coil (curve B) having the maximum 
possible length of 134 inches is 0.33. Hence the 
number of turns per inch must be chosen for a 
reference inductance of at least 12/0.35, or 34 ph. 
From the Table under Fig. 2-15 it is seen that 16 
turns per inelt ( reference inductance 16.8 µh.) 
is too small. Using 32 turns per inch, tbe multi-
plying factor is 12/68, or 0.177, and front curve 
B this corresponds to a coil length of h inch. 
There will be 24 turns in this length, since the 
winding " pitch" is 32 turns per inch. 

• IRON-CORE COILS 
Permeability 

Suppose that the coil in Fig. 2-16 is wound on 
an iron core having a cross-sectional area of 2 
square inches. When a certain current is sent 
through the coil it is found that there are 80,000 
lines of force in the core. Since the area is 2 
square inches, the flux density is 40,000 lines per 
square inch. Now suppose that the iron core is 
removed and the same current is maintained in 
the coil, and that the flux density without the 
iron core is found to be 50 lines per square inch. 
The ratio of the flux density with the given core 
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Fig. 2- 13—Measured inductance of coils wound with 
No. 12 bare wire, 8 turns to the inch. The values include 

half-inch leads. 
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2- ELECTRICAL LAWS AND CIRCUITS 

material to the flux density (with the same coil 
and same current) with an air core is called the 
permeability of the material. In this case the 
permeability of the iron is 40,000/50 = 800. 
The inductance of the coil is increased 800 times 
by inserting the iron core since, other things being 
equal, the inductance will be proportional to the 
magnetic flux through the coil. 
The permeability of a magnetic material varies 

with the flux density. At low flux densities (or 
with an air core) increasing the current through 
the coil will cause a proportionate increase in flux, 
but at very high flux densities, increasing the 
current may cause no appreciable change in the 
flux. When this is so, the iron is said to be satu-
rated. Saturation causes a rapid decrease in 
permeability, because it decreases the ratio of 

1.0 

44 .9 

.7 

Lti .5 

1‘... .4 
1/4.) 
• .3 

.2 
o. 
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LENGTH OF CO L IN INCHES 

Fig. 2-1 4-Factor to be applied to the inductance of coils 
listed in the table below, for coil lengths up to 5 inches. 

5 

Coil diameter, 
Inches 

114 

No of t urns 
per ineh 

4 
6 
8 
10 
la 

4 
6 
8 
10 
16 

Induelance 
iu ph. 

4 
6 
8 
10 
16 

2 

23 

3 

4 
6 
8 
10 
16 

4 
6 

10 

4 
6 
8 
10 

2.75 
6.3 
11.2 
17.5 
42.5 

3.9 
8.8 

15.6 
24.5 
63 

5.2 
11.8 
21 
33 
85 

6.6 
15 
26.5 
42 
108 

10.2 
23 
41 
64 

14 
31.5 
56 
89 
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flux lines to those obtainable with the same cur-
rent and an air core. Obviously, the inductance of 
an iron-core inductor is highly dependent upon 
the current flowing in the coil. In an air-core 
coil, the inductance is independent of current 
because air does not saturate. 

Iron core coils such as the one sketched in 

t 
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LENGTH OF COIL ¡IV INCHES 

Fig. 2-1 5-Factor to be applied to the inductance of coils 
listed in the table below, as a function of coil length. Use 
curve A for coils marked A, curve B for coils marked B. 

A 

Coil diameter, 
Inches 

No. of turns 
per inch 

Inductance 
in 5h. 

3'5 4 0.18 

(A) 6 0.40 
8 0.72 
10 1.12 
16 2.9 
32 12 

% 4 0.28 

(A) 6 0.62 
8 1.1 
10 1.7 
16 4.4 
32 18 

34. 4 0.6 

(B) 6 1.35 
8 2.4 
10 3.8 
16 9.9 
32 40 

1 4 1.0 

(B) G 2.3 
8 4.2 
10 6.6 
16 16.8 
32 68 

Fig. 2-16 are used chiefly in power-supply equip-
ment. They usually have direct current flowing 
through the winding, and the variation in induct-
ance with current is usually undesirable. It may 
be overcome by keeping the flux density below 

Fig. 2-1 6-Typical construction 
of an iron-core inductor. The 
small air gap prevents mag-
netic saturation of the iron and 
Thus maintains the inductance at 

high currents. 



Inductance 

the saturation point uf the iron. This is done by 
opening the core so that there is a small "air 
gap," as indicated by the dashed lines. The mag-
netic "resistance" introduced by such a gap is so 
large — even though the gap is only a small 
fraction of an inch — compared with that of the 
iron that the gap, rather than the iron, controls 
the flux density. This reduces the inductance, 
but makes it practically constant regardless of 
the value of the current. 

Eddy Currents and Hysteresis 

When alternating current flows through a 
coil wound on an iron core an e.m.f. will be in-
duced, as previously explained, and since iron is a 
conductor a current will flow in the core. Such 
currents (called eddy currents) represent a waste 
of power because they flow through the resist-
ance of the il'011 and thus cause heating. Eddy-
current losses can be reduced by laminating 
the core; that is, by cutting it into thin strips. 
These strips or laminations must be insulated 
from each other by painting them with some 
insulating material such as varnish or shellac. 

There is also another type of energy loss: the 
iron tends to resist. any change in its magnetic. 
state, so a rapidly-changing current such as a.c. 
is forced continually to supply energy to the iron 
to overcome this "inertia." Losses of this sort are 
called hysteresis losses. 
Eddy-current and hysteresis losses in iron 

increase rapidly as the frequency of the alter-
nating V11111.11 t I5 iiicreased. For this reason, ordi-
nary iron cores can be used only at power and 
audio frequencies — up to, say, 15,000 cycles. 
Even so, a very good grade or iron or steel is 
necessary if the core is to perform well at the 
higher audio frequencies. Iron cores of this 
type are completely useless at radio frequencies. 
For radio-frequency work, the losses in iron 

cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mix-
ing it with a "binder" of insulating material 
in such a way that the individual iron particles 
are insulated from each other. By this means 
cores can be made that will function satisfactorily 
even through the v.h.f. range — that is, at fre-
quencies up to perhaps 100 Mc. Because a large 
part of the magnetic path is through a nonmag-
netic material, the permeability of the iron is 
low compared with the values obtained at 
power-supply frequencies. The core is usually 
in the form of a "slug" or cylinder which fits 
inside the insulating form on which the coil is 
wound. Despite the fact that, with this construc-
tion, the major portion of the magnetic path for 
the flux is in air, the slug is quite effective in 
increasing the coil inductance. By pushing the 
slug in and out of the coil the inductance can be 
varied over a considerable range. 

• INDUCTANCES IN SERIES AND 
PARALLEL 

When two or more inductors are connected 
in series ( Fig. 2-17, left) the total inductance is 

Fig. 2- 17—Induc-
tances in series and 

parallel. 

equal to the sum of the individual inductances, 
provided the roils are sufficiently separated so that 
no roil is in the magnetic field of another. That is, 

Lima! = Li + L2 ± L3 ± L4 +   

If inductors are connected in parallel (Fig. 2-17, 
right), the total inductance is 

Lthtal = 
1 

-r 
Ld3 

and for two inductances in parallel, 

L — Li L2 

+ L2 

Thus the rules for combining inductances in 
series and parallel are the sanie as for resist-
ances, if the coils are far enough apart so that 
each is unaffected by another's magnetic field. 
When this is not so the formulas given above 
cannot be used. 

• MUTUAL INDUCTANCE 
If two coils are arranged with their axes on 

the same line, as shown in Fig. 2-18, a current 
sent through Coil 1 will cause a magnetic field 
which "cuts" Coil 2. Consequently, an e.m.f. 
will be induced in Coil 2 whenever the field 
strength is changing. This induced e.m.f. is 
similar to the e.m.f. of self-induction, but since 
it appears in the second coil because of current 
flowing in the first, it is a "mutual" effect and 
results from the mutual inductance between 
the two coils. 

If all the flux set up by one coil cuts all the turns 
of the other coil the mutual inductance has its 
maximum possible value. If only a small part 
of the flux set up by one coil cuts the turns of 
the other the mutual inductance is relatively 
small. Two coils having mutual inductance are 
said to be coupled. 
The ratio of actual mutual inductance to the 

maximum p,,,•sible value that could theoretically 
be obtained with two given coils is called the 
coefficient of coupling between the coils. It is 
frequently expressed as a percentage. Coils that 
have nearly the maximum possible (coefficient = 
1 or 1001/4 ) mutual inductance are said to be 
closely, or tightly, rouplud, but if the mutual 
inductance is mlatively small the coils are 
said to be loosely coupled. The degree of coupling 
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Fig. 2-1 8 —Mu-
tual inductance. 
When the switch, 
S, is closed 
current flows 
through coil No. 
1, setting up a 
magnetic field 
that induces an 
e.m.f. in the turns 
of coil No. 2. 

depends upon the physical spacing between the 
coils and how they are placed with respect to each 
other. Maximum coupling exists when they have 
a common axis and are as close together as possi-
ble (one wound over the other). The coupling is 
least when the coils are far apart or are placed so 
their axes are at right angles. 
The maximum possible coefficient of cou-

pling is closely approached only when the two 
coils are wound on a closed iron core. The co-
efficient with air-core coils may run as high as 
0.6 or 0.7 if one coil is wound over the other, 
but will be much less if the two coils are separated. 

Time Constant 
Capacitance and Resistance 

Connecting a source of e.m.f. to a capacitor 
causes the capacitor to become charged to the full 
e.m.f. practically instantaneously, if there is no 
resistance in the circuit. However. if the eireuit 
eontains resistance, as in Fig. 2-19. , the resist-
anee limits the current flow and an appreciable 
length of time is required for the e.m.f. bet \Veen 
the eaparitor plates to build up to same value 
as the e.m.f. of the source. this "building-
up" period t he current gradually deereases from 
its initial value, because the inereasing e.m.f. 
stored on the capacitor offers increasing opposi-
tion to t lie steady e.m.f. of the source. 

(B) (A) 
Fig. 2-19-111ustrating the time constant of an RC circuit. 

Theoretically, the charging proeess is never 
really finished, Ind eventually t he charging cur-
rent drops to a value that is smaller than any-
t hing that can be measured. The time constant of 
suelt a circuit is the length of time, in seconds, 
requitrd for the voltage across the capacitor to 
wadi 63 lwr cent of the applied e.m.f. (this figure 
is chosen for mathematical reasons). The voltage 
across the capacitor rises with time as shown by 
Fig. 2-20. 

The formula for time constant is 

T = CI? 

where T = Time constant in seconds 
C = Capacitance in farads 
= Resistance in ohms 

If C is in microfarads and II in megohms, the 
time constant also is in seconds. These units 
usually are more convenient. 

Example: The time constant of a 2-af. ca-
pacitor and a 250,000-olan ( 0.25 niegolind 
resistor is 

T Cit = 2 X 0.25 =- 0.5 second 

30 

If the applied e.m.f. is 1000 volts, the voltage 
between the capacitor plates will be 630 volts 
at the end of second. 

If a charged capacitor is discharged through 
a resistor, as indicated in Fig. 2-19B, the same 
time constant applies. If there were no resistance, 
the capacitor would discharge instantly when 
S was closed. However, since R limits the current 
flow the capacitor voltage cannot instantly go 
to zero, but it will decrease just as rapidly as 
the capacitor can rid itself of its charge through 
R. When the capacitor is discharging through a 
resistance, the time constant (calculated in the 
same way as above) is the time, in seconds, that 
it takes for the capacitor to lose 63 per cent of its 
voltage; that is, for the voltage to drop to 37 
per cent of its in it ial value. 

Example: If the capacitor of the example 
above is charged to 1000 volts, it will discharge 
to 370 volts in % second through the 250,000-
olun resistor. 
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Fig. 2-20—How the voltage across a capacitor rises, with 
time, when charged through a resistor. The lower curve 
shows the way in which the voltage decreases across the 

capacitor terminals on discharging through 
the same resistor 
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Fig. 2- 21— Time constant of an LR circuit. 

Inductance and Resistance 

A comparable situation exists when resist-
ance and inductance are in series. In Fig. 2-21, 
first consider L to have no resistance and also 
assume that I? is zero. Then closing S would tend 
to send a current through the circuit. However, 
the instantaneous transition from no current 
to a finite value, however small, represents a very 
rapid change in eurrent, and a back e. w.f. is 
developed by the self-inductance of L that is 
practically equal and opposite to the applied 
e.m.f. The result is that the initial current is very 

The back card. depends upon the change 
in current and would cease to offer opposition 
if the current did not continue to increase. With 
no resistance in the circuit (which would lead 
to an infinitely large current, by Ohm's Law) 
the current would increase forever, always 
growing just fast enough to keep the e.m.f. 
of self-induction equal to the applied e.m.f. 
When resistance is in series, Ohm's Law sets 

a limit to the value that the current can reach. 
The back e.m.f. genenited in L has only to equal 
the difference between E and the drop amiss 11, 
because that differenee is the voltage actually 
applied to L. This iliffiq.iqice becomes smaller as 
the current approewhus t he final Ohm's Law 
value. Theoretically, the back e.m.f. never quite 
disappears and so the current never quite reaches 
the Ohm's Law value, but practivally the differ-
ence becomes unineasurable after a time. The 
time constant of an inductive circuit is the time 
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Fig. 2-22—Voltage across capacitor terminals in a dis-

charging CR circuit, in terms of the initial charged voltage. 
To obtain time in seconds, multiply the factor t, CR by the 

time constant of the circuit. 

in seconds required for the eurrent to reach 63 per 
mitt of its final value. The formula is 

7' = L 

where T = Time constant in seconds 
L = Inductance in henrys 
= Resistance in ohms 

The resistance of the wire in a coil acts as 
though it were in series with the inductance. 

Example: A coil having an inductance of 20 
henrys and a resistance of 100 ohms has a time 
constant of 

T = —L = —20 = 0.2 second 
I? 100 

if there is no other resistance in the circuit. If a 
d.c. caul. of 10 volts is applied to such a coil, 
the final current, by Ohm's Law, is 

E 10 
/ = - = = 0.1 amp. or 100 ma. 

R 100 

The current would rise from zero to 63 milliam-
peres in 0.2 second after closing the switch,. 

Ali inductor cannot be "discharged" in the 
sanie way as a capacitor, because the magnetic 
field disappears as soon as current flow ceases. 
Opining S does u(o) Ica ve t inductor "charged." 

onergy stored in t lie magnet ie field instantly 
returns to the circuit when S is opened. The 
rapid disapjwaranee of the field i•ituses a very 
large voltage to be indueed in the coil — ordi-
narily many times larger than the voltage 
applied, because the induced voltage is p' -

port j) mal to the speed with which the field 
changes. The common result of opening the 
switeh in it circuit such as the one shown is that 
a spark or arc forms : it the switch contacts at the 
instant of opening. If the inductance is large and 
the current in the circuit is high, a great deal of 
energy is released in a very short period of time. 
It is not at all unusual for the switch contacts to 
burn or melt under such circumstances. 
Time constants play an important part in 

numerous devices, such as electronic keys, timing 
and control circuits, and shaping of keying charity-
terist ies by vacuum tubes. The time constants of 
circuits are also important in such applications 
as automatic gain vont rol and noise limiters. In 
nearly all such applications a capacitance-resist-
anee (CM time constant is involved, and it is 
usually necessary to know the voltage across 
the capacitor at some time interval larger or 
smaller than the actual time constant of the cir-
cuit as given by the formula above. Fig. 2-22 
can be used for the solution of such problems, 
since the curve gives the voltage across the ca-
pacitor, in terms of percentage of the initial 
charge, for percentages between 5 and 100, at 
any time after discharge begins. 

Example: A 0.01-5f. capacitor is charged to 
150 volts and then allowed to discharge through 
a 0.1-ineaolun resistor. How long will it take 
the voltage to fall to 10 volts? In percentage, 
10/150 = 6.7U. From the chart, the factor 
corresponding ti, 6.7'7, is 2.7. The time constant 
of the circuit is equal to CR = 0.01 X 0.1 = 
0.001. The time is therefore 2.7 X 0.001 = 
0.0027 second, or 2.7 milliseconds. 
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2 — ELECTRICAL LAWS AND CIRCUITS 

Alternating Currents 

• PHASE 
The term phase essentially means "time," or 

the time interval between the instant when one 
thing occurs and the instant when a second re-
lated thing takes place. The later event is said to 
lag the earlier, while t he one that occurs first is 
said to lead. In a. e. circuits the current amplitude 
changes continuously, so the concept of phase or 
time becomes important. Phase can be mea.sured 
in the military t ime units, such as the second, but 
there is a more convenient method: Since each 
a.c. cycle occupies exactly the same amount of 
time as every other cycle of the same frequency, 
we can use the eyrie itself as the time unit. iiig 
the cycle as the time unit makes the specification 
or measurement of phase independent of the fre-
queney of the current, so long as only one fre-
t pa.uvy is under consideration at a time. When 
t iv ir more frequencies are to be considered, as 
in the case where harmonics are present, the 
phase measurements are made with respect to the 
lowest., or fundamental, frequency. 
The time interval or "phase difference" under 

consideration usually will be less than one cycle. 
Phase difference could be measured in decimal 
parts of a cycle, but it is more convenient to di-
vide the cycle into 360 parts or degrees. A phase 
degree is therefore 1/360 of a cycle. The reason for 
this choice is that with sine-wave alternating 
current the value of the current at any instant is 
proportional to the sine of the angle t hat corre-
sponds to the number of degrees — t hat k. length 
of time — from the instant the cycle began. 
There is no actual "angle" associated with an 
alternating current. Fig. 2-23 should help make 
this method of measurement clear. 

=0 
E 

 I Cyc le 

¡Cycle 

Fig. 2-23—An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 

180° 270° 

Measuring Phase 

The phase difference I tet wren two currents of 
the same frequency is t lii. time or angle difference 
between corresponding parts of cycles of the t wo 
currents. This is shown in Fig. 2-24. The current 
labeled .4 leads the one marked B by .15 degrees, 
since A's cycles begin 45 degrees earlier in time. 
It is equally correct to say that B lags A by 45 

degrees. 

Fig. 2-24—When two waves of the same frequency start 

their cycles at slightly different times, the time difference 
or phase difference is measured in degrees. In this drawing 
wave B starts 45 degrees (one-eighth cycle) later than 

wave A, and so lags 45 degrees behind A. 

Two important special cases are shown in 
Fig. 2-25. In the upper drawing B lags 90 de-
grees behind .4; that is, its cycle begins just one-
quarter cycle later than that of A. When one wave 
is passing through zero, the other is just at its 
maximum point. 

ln the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter 
which one is considered to lead or lag. B is always 
positive while A is negative, and vice versa. 
The two waves are thus complete! y out of phase. 
The waves snown in Figs. 2-21 and 2-25 could 

represent current, voltage, or both. A and B 
might be two currents in separate circuits, or A 
might represent voltage and le current in the 
sanie circuit. If A and B represent two currents 
in the Numc circuit (or two volt ages in the same 
circuit) t he total or resultant ettrottt (or voltage) 
also is a sine wave. bemuse :oiling any number 
of sine waves of the saine frequency always gives 
a sine wave also of the sanie fretpiney. 

Phase in Resistive Circuits 

When an alternating voltage is applied to a 
resistance, the current flows exactly in step with 
the voltage. In other words. the voltage and cur-
rent are in phase. This is t rue at any frequency 
if the resistance is "pure- — that is, is free from 
the reactive effects discussed in the next section. 
Practically, it is often difficult to obtain a purely 

90 
(;eye e) 

( ¡ Cycle) 

Fig. 2-25—Two important special cases of phase differ-
ence. In the upper drawing, the phase difference between 
A and B is 90 degrees; in the lower drawing the phase 

difference is 180 degrees. 
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Alternating Currents 

resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency is increased. 

In a purely resistive circuit, or for purely re-
sistive parts of circuits, Ohm's Law is just as 
valid for a.e. of any frequency as it is for d.c. 

e REACTANCE 
Alternating Current in Capacitance 

In Fig. 2-26 a sine-wave a.c. voltage having a 
maximum value of 100 volts is applied to a ca-
pacitor. In the period OA, the applied vcItage in-
creases fram zero to 38 volts; at the end of this 
period the capacitor is charged to that voltage. In 
interval AB the voltage increases to 71 volts; t hat 
is, 33 volts additional. In this interval a sum(/' r 
quantity of charge has been added than in 0.1, 
beraust: the voltage rise during interval AB is 
smaller. ( ottsf•quently the average current during 
A B is smaller than during 0.1. In the third inter-
val, BC, the voltage rises from 71 to 92 volts, an 
increase of 21 volts. This is less than the voltage 
increase during ill, so the quantity of electricity 
added is less; in other words, the average current 
during interval BC is still smaller. In the fourth 
interval, CD, the voltage increases only 8 volts; 
the charge added is smaller than in any preceding 
interval and therefore the current also is smaller. 
By dividing the first quarter cycle into a very 

large number of intervals it could be shown that 
the current charging the capacitor has the shape 
of a sine wave, just as the applied voltage does. 
The current is largest at the beginning of the 
cycle and becomes zero at the maximum value 
of' the voltage, so there is a phase difference of 90 
degrees between the voltage and current. During 
the first quarter cycle the current is flowing in the 

Fig. 2- 26—Voltage and current phase relationships when 

an alternating voltage is applied to a capacitor. 

normal direction through the circuit, since the ca-
pacitor is being charged. Hence the current is 
positive, as indicated by the dashed line in Fig. 
2-26. 

In the second quarter cycle — that is, in the 
time from D to II, the voltage applied to the 
capacitor decreases. During this time the capaci-
tor loses its charge. Applying the same reasoning, 
it is plain that the current is small in interval DE 
and continues to increase ( luring each succeeding 
interval. However, the cuti-eut is flowing against 
the applied voltage because the capacitor is 
discharging into the circuit. Hence the current is 

negative during this quarter cycle. 
The third and fourth quarter cycles repeat 

the events of the first and second, respectively, 
with this difference — the polarity of the applied 
voltage has reversed, and the current ehaniges 
to correspond. In other words, an alternateng 
current flows in the circuit because of the alter-
nate charging and discharging of the capacitance. 
As shown by Fig. 2-26, the current starts its ey hi 
90 degrees before the voltage, so the current in a 
capacitor leads the applied voltage by 90 degrees. 

Capacitive Reactance 

The quantity of eh.etric charge that can be 
placed on a capacitor is proportional to the ap-
plied e.m.f. and the capacitance. This amount of 
charge moves back and forth in t he circuit once 
each cycle, and so the rate of moyenhait of charge 
— that is, the current, — is proportional to volt-
age, capacitance and frequeney. If 1 he effects of 
capacitance and frequeney are lumped togeilwr, 
t hey form a quantity that plays a part similar to 
that of resistance in Ohm's Law. This quantity 
is called reactance, and t he unit for it is the ohm, 
just as in the case of resistance. The formula for 
it is 

1 
Xc = — 

271-f(' 

where Xe = Capacitive reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 

-= 3.14 

Although the unit of reactance is the ohm, 
there is no power dissipation in reactance. The 
enemy stored in the capacitor in one quarter of 
the cycle is simply returned to the circuit in the 
next. 
The fundamental units (cycles per second, 

farads) are too large for practical use in radio 
circuits. However, if the capacitance is in micro-
farads and the frequency is in megacycles, the 
reactance will come out in ohms in the formula. 

Example: The reactance of a capacitor of 470 
µµf. (0.00047 pf.) at a frequency of 7150 Ice. 
(7.15 Me.) is 

1  1  
X — — 47.4 ohms 

21IC 6.28 X 7.15 X 0.00047 

Inductive Reactance 

When an alternating voltage is applied to a 
pure inductance (one with no resistance — all 
practical inductors have resistance) the current is 
again 90 degrees out of phase with the applied 
voltage. However, in this case the current lags 
90 degrees behind the voltage— the opposite of 
the capacitor current-voltage relationship. 
The primary cause for this is the hack e.m.f. 

generated in the inductance, and since the ampli-
tude of the back e.m.f. is proportional to the rate 
at which the current changes, and this in turn is 
proportional to the frequency, the amplitude of 
the current is inversely proportional to the ap-
plied frequency. Also, since the back e.m.f. is 
proportional to inductance for a given rate of cur-
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2- ELECTRICAL LAWS AND CIRCUITS 

rent change, the eurrent flow is inversely pt•op()r-
tnal to induetanee for a given applied voltage 
and Irequeney. (.%nother way of saying this is 
that just enough current flows to generate an in-
duced es in.f. that uquals and apposes the applied 
volt ago. 
The coniliined effect of induetanre and fre-

quenev is called inductive reactance, also ex-
pressMI in ohms, and the formula ft a. it is 

X L = 2rf L 

where X L = Inductive reactance in ohms 
f Frequency in cycles per second 
L = Induetance in hetir -s 
7r = 3.14 

Example: Tice reactance of a coil having an 
inductance of 8 henrys, at a frequency of 120 
cyclts, is 

X L = 2crjL = 6.28 X 120 X 8 = 6029 ohms 

App//ea' 
ye/ter 

•-• 
\e' \ 

\ 
/rent% 

OA SC 
/1 

I 
I 
I 

Induced 
vottage 

Fig. 2-27 — Phase relationships between voltage and 
current when an alternating voltage is applied to an 

inductance. 

In radio-frequency circuits the inductance 
values usually are small and the frequencies are 
large. If the inductance is expressed in milli-
henrys and the frequency in kilocycles, the con-
version factors for the two units cancel, and the 
formula for reactance may be used wit taint first 
converting to fundamental units. Similarly, no 
conversion is necessary if the inductance is in 
microhenrys and the frequency is in megacycles. 

Example: The reactance of a 15-inicrohenry 
coil at a frequency of 14 Me. is 

X L = 241., = 6.28 X 14 X 15 = 1319 ohms 

The re,istance of the wire of which the coil is 
wound has no effect on the reactance, but simply 
acts as though it were a separate resistor con-
nected in series with the coil. 

Ohm's Law for Reactance 

Ohm's Law for an a.c. circuit containing only 
reactance is 

where E = E.m.f. in volts 

/ = Current in amperes 
X = lteactance in ohms 

The reactance may be either inductive or 
rapt eit ive. 

Example: If u mirrent of 2 amperes is flowing 
through the capacitor of the previous example 
(reactance = 17.1 ohms) at 7150 kc., the volt-
age & Op aerieux the capacitor is 

E = / X -= 2 X 47.4 = 94.8 volts 

If 400 volts at 120 cycles is applied to the 8-
henry inductor of the previous example, the 
current through the coil will Ice 

E 400 = _ = _ 
X 6029 

0.0663 amp. (66.3 ma.) 

Reactance Chart 

The accompanying chart. Fig. 2-28. shows the 
reavtance of capacitanees from 1 pmf. to 100 al.., 
and the reactanee of inductances from 0.1 mh. to 
10 henrys, for frequencies between 100 eyeles 
and 100 megavycles per sepotal. The approximate 
value of reactance can be read from the chart or. 
where more exact values are needed, the Meal 
will serve as a cheek on the order of magnit title of 
reactances calculated from the formulas given 
al ove. and thus avoid " decimal-point errors". 

Reactances in Series and Parallel 

When fu:H•tuiloes of the same kind are con-
nected in series or parallel the resultant reactance 
is that of the resultant inductance or capaeitancr. 
This leads to the sa nu rules that are usml when 
determining the resultant resistance when ri•sis-
tors are combined. That is, for series reactances 
of the same kind the resultant reactance is 

X = X1 ± X2 ± X2 + X.1 

anti for reactances of the same kind in parallel 
the resultant is 

1 
X = 

1 1 1 I 

-11 -12 -13 -14 

or for two in parallel, 

_X1 + X2 

The situation is different when reactances of 
opposite kinds alt' comlned. Since the current in 
a calmeitance leads the applied voltage by 90 
degrees and the current in ¡ut inductance lags the 
applied voltage by 90 degrees, the voltages at the 
terminals of opposite types of ream:wee are 180 
degrees out of phase in a series circuit (in which 
the current has to be the same throtigh all ele-
ments), and the currents in react:knees of opposite 
types are 180 degrees out of phase iii a parallel 
circuit ( in which the same voltage is applied to 
all elements). The 180-degree phase relationship 
means that the eu rrents or voltages are of oppo-
site polarity, so in the series circuit of Fig. 2-211A 
the voltage EL across the intluctive reactance XL 
is of opposite polarity to the voltage Er across 
the capacitive reactatice Xr. Thus if we call X1, 

"positive" :tad Xc —negative" (a common con-
vention) the applied voltage EAU is EL —Eu. In 
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2- ELECTRICAL LAWS AND CIRCUITS 

magnetic field, energy is being returned to the 
circuit from the capacitor's electric field, and 
vice versa. This stored energy is responsible for 
the fact that the voltages across reactances in 
series can be larger than the voltage applied to 

them. 
In a resistance the flow of current causes heat-

ing and a power loss equal to PR. The power in a 
reactance is equal to I2X, but is not a "loss"; 
it is simply poner that is transferred back and 
forth between the field and the circuit but not 
used up in heating anything. To distinguish this 
"nondissirated" power from the power which is 
actually consumed, the unit of reactive power is 
called the volt-ampere-reactive, or var, instead 
of the watt. Reactive power is sometimes called 
“wattless" power. 

• IMPEDANCE 
When a circuit contains both resistance and 

reavtance the combined effect of the two is called 
impedance, symbolized by the letter Z. (Imped-
at tee is thus a more general term than either 
resistance or reactance, and is frequently used 
even for circuits that have only resistance or 
reactance, although usually with a qualification 
— such as " resistive impedance" to indicate that 
the circuit has only resistance, for example.) 
The nuctance and resistance comprising an 

impedance may be connected Miller in series or 
in parallel, as shown in Fig. 2-30. In these circuits 
the react aine is slit twit as a box to indicate that 
it may be either in lt tut i ve or capacitive. In the 
series circuit the current is the same in both ele-
ments, with ( getter:illy ) different voltages appear-
ing acr,,ss the resistance and reactance. In the 
par:111(.1 (• iretlit the saine voltage is applied to both 
elements, but different currents flow in the two 
liranches. 

E„, 

Ex 

(Al 03 

Fig. 2-30—Series and parallel circuits containing resist-
ance and reactance. 

Shire in a n.sistance the current is in phase 
with the applied voltage while in a reactance it is 
90 degrees out of phase with the voltage, the 
phase relationship between current and voltage 
in the circuit as a whole may be anything between 
zero and 90 degrees, depending on the relative 
amounts of resistance : tttd reactance. 

Series Circuits 

WI It I resistance and reactance 
the ' nitwit:1nm of the circuit is 

Z = N/R2 X2 

where Z = impedance in ohms 
resi:,tailve in ohms 

X = t•mu•tative in ohms. 

are in series, 

The react : owe may be either capacitive or in-
ductive. Ii there are two or more reactances in 
the circuit they may be combined hito a resultant 
by the rules previously given, before substitution 
into the formula above: similarly for resistances. 
The "square root of the sum of the squares" 

rule for finding impedance in a series circuit arises 
from the fact that the voltage drops across the 
resistance and reactance are 90 degrees out of 
phase, and so combine by the same rule that 
applies in finding the hypothenuse of a right-
angled triangle when the inase and altitude are 
known. 

Parallel Circuits 

With resistance aunl n.:n•tallee in parallel, as in 
Fig. 2-3013, the impi,1:,w, is 

= 
N/R2 + X2 

where the symbols have the saine meaning as for 
series circuits. 

Just as hi the case of series circuits, a number 
of reactances in parallel should be comhitie(l to 
find the resultant reactance before substitution 
into the formula above; similarly for a number 
of resistances in parallel. 

Equivalent Series and 
Parallel Circuits 

The two cireuits shown in Fig. 2-30 are equiva-
lent if the same current flows when a given volt-
age of the same frequeney is applied, and if the 
phase angle between voltage and current is the 
same in both eases. It is in fact possiblt to " trans-
form" any given series circuit into an equivalent 
parallel circuit, and vice versa. 

Transformations of this type often lead to 
simplification in the solution of complicated cir-
cuits. However, from the standpoint of practical 
work the usefulness of such transformations lies 
in the fact that the impedance of a circuit may 
be modified by the addition of either series or 
parallel elements, depending on which happens to 
be most convenient in the particular case. Typi-
cal applications are considered later in eonnection 
with tuned circuits and transmission lines. 

Ohm's Law for Impedance 

Ohm's Law can be applied to circuits contain-
ing impedance just as readily as to circuits having 
resistance or reactance only. The formulas are 

E 
I = — 

Z 

E = IZ 

E 
Z — 

I 

where E = E.m.f. in volts 
/ = Current in amperes 
Z = Impedance in ohms 

Fig. 2-31 shows a simple circuit consisting of 
a resistanee of 75 ohms and a reartanre of 100 
ohms in series. From the formula presiously 
given, the impedance is 
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Impedance 

XL-2 = v/(75)2 (100)2 = 125 
ohms. 

If the applied voltage is 250 volts, then 

E 250 
/ = - = = 2 amperes. 

Z 123 

This current flows through both the resistance 
and reactance, so the voltage drops are 

ER = IR = 2 X 75 = 150 volts 
= ¡XL = 2 X 100 = 200 volts 

The simple arithmetical sum of these tao drops, 
350 volts, is greater than the applied voltage be-
cause the two voltages are 90 degrees out of 
phase. Their actual resultant, when phase is 

taken into account, is VI150)2 + (200)2 = 250 
volts. 

Power Factor 

In the circuit of Fig. 2-31 an applied e.m.f. 
of 250 volts results in a current of 2 amperes, 
giving an apparent power of 250 X 2 = 500 watts. 
However, only the resistance actually consumes 
power. The power in the resistance is 

P I2R = (2)2 X 75 = 300 watts 

The ratio of the power consumed to the apparent 
power is called the power factor of the circuit, 
and in this example the power factor would be 
:300/500 ---- 0.6. Power factor is frequently ex-
pressed as a percentage; in this case, it would be 
60 per cent. 

Fig. 2-31—Circuit used as an example for impedance 
calculations. 

"Real" or dissipated power is measured in 
watts; apparent power, to distinguish it from 
real power, is measured in volt-amperes (just 
like the '' watt Tess'' power in a reactance). It is 
simply the product of volts and amperes and has 
no direct relationship to the power actually used 
up or dissipated unless the power factor of the 
circuit is known. The power factor of a purely 

resistive circuit is 100 per cent or 1, while the 
power factor of a pure reactance is zero. In this 
illustration, the reactive power is 

VA (volt-amperes) /2X = (2)2 X 100 
= 400 volt-amperes. 

Reactance and Complex Waves 

It was pointed out earlier in this chapter that a 
complex wave (a " nonsinusoidal" wave) can be 
resolved into a fundamental frequency and a 
series of harmonic frequencies. When such a com-
plex voltage wave is'applied to a circuit contain-
ing reactance, the current through the circuit will 
not have the same wave shape as the applied 
voltage. This is because the reactance of an in-
ductor and capacitor depend upon the applied 
frequency. For the second-harmonic component 
of a complex wave, the reactance of the inductor 
is twice and the reactance of the capacitor one-
half their respective values at the fundamental 
frequency; for the third harmonic the inductor 
reactance is three times and the capacitor react-
ance one-third, and so on. Thus the circuit im-
pedance is different for each harmonic com-
ponent. 

Just what happens to the current wave shape 
depends upon the values of resistance and react-
ance involved and how the circuit is arranged. 
In a simple circuit with resistance and inductive 
reactance in series, the amplitudes of the har-
monic currents will be reduced because the in-
ductive reactanee increases in proportion to fre-
quency. When capacitance and resistance are in 
series, the harmonic current is likely to be ac-
centuated because the capacitive reactance be-
comes lower as the frequency is raised. When both 
inductive and capacitive reactance are present 
the shape of the current wave can be altered in a 
variety of ways, depending upon the circuit and 
the "constants," or the relative values of L, 
and R, selected. 

This property of nonuniform behavior with 
respect to fundamental and harmonics is an ex-
tremely useful one. It is the basis of " filtering," 
or the suppression of undesired frequencies in 
favor of a single desired frequency or group of 
sueli frequencies. 

Transformers 

Two coils having mutual inductance constitute 
a transformer. The coil connected to the source 
of energy is called the primary coil, and the other 
is called the secondary coil. 
The usefulness of the transformer lies in the 

fact that electrical energy can be transferred 
from one circuit to another without direct con-
nection, and in the process can be readily changed 
from one voltage level to another. Thus, if a de-
vice to be operated requires, for example, 115 
volts a.c. and only a 440-volt source is available, a 
transformer can be used to change the source 
voltage to that required. A transformer can be 
used only with a.c., since no voltage will be in-

duced in the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced in the 
secondary only at the instant of closing or open-
ing the primary circuit, since it is only at these 
times that the field is changing. 

• THE IRON-CORE TRANSFORMER 
As shown in Fig. 2-32, the primary and second-

ary coils of a transformer may be wound on a core 
of magnetic material. This increases the induct-
ance of the coils so that a relatively small number 
of turns may be used to induce a given value of 
voltage with a small current. A closed core (one 
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PRIMARY SECONDARY 

J 

Fig. 2-32—The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag-
netic field. The upper symbol at right indicates an iron-core 

transformer, the lower one an air- core transformer. 

having a continuous magnetic path) such as that 
show n in Fig. 2-32 also tends to insure that prac-
tically all of the field set up by the current in the 
primary coil will cut the turns of the secondary 
coil. However, the core introduces a power loss 
because of hysteresis and eddy currents so this 
tyl )c of construction is practicable only at power 
tool audio frequencies. The discussion in this sec-
tion is confined to transformers operating at such 
frequesi cies. 

Voltage and Turns Ratio 

For a given varying magnetic field, the voltage 
induced in a coil in the field will be proportional 
to the number of turns in t he coil. If the two 
coils of a transformer are in the same field (which 
is the case when both are wound on the same 
closed core) it follows that the induced voltages 
will be proportional to the number of turns in 
each roil. In the primary the induced voltage is 
practically equal to, and opposes, the applied 
voltage, as described earlier. Hence, 

E. = 722 Ep 
np 

where E. = Secondary voltage 
E, = l'rimary applied voltage 
n„ = Number of turns on secondary 
np = Number of turns on primary 

The ratio njn„ is called the secondary-t 0-primary 
turns ratio of the transformer. 

Example: A transformer has a primary of 400 
turns and a secondary of 2800 turns, and an 
e.m.f. of 115 volts is applied to the primary. The 
secondary voltage will be 

E. = E = 2—±q8 X 115 = 7 X 115 
n9 400 

= 805 volts 

Also, if an card. of 805 volts is applied to the 
2800-turn winding (which then becomes the 
Primary) the output voltage from the .100-turn 
winding will be 115 volts. 

Either winding of a transformer can be used 
as the primary, providing the winding has 
enough turns (enough inductance) to induce a 
voltage equal to the applied voltage without 

requiring an excessive current flow. 

current will be quite small. The power consumed 
by the transformer when the secondary is "open" 
— that is, not delivering power — is only the 
amount necessary to supply the losses in the iron 
core and in the resistance of the wire with which 
the primary is wound. 
When power is taken from the secondary wind-

ing, the secondary current sets up a magnetic 
field that opposes the field set up by the primary 
current. But if the induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primary 
must draw enough additional current to set up a 
field exactly equal and opposite to Use field set up 
by the secondary current. 

In practical calculations on transfos mers it may 
be assumed that the entire primary current is 
caused by the secondary "load." This is justifiable 
because the magnetizing current should be very 
small in comparison with the primary " load" 
current at rated power output. 

If the magnetic fields set up by the primary 
and secondary currents are to be equal, the 
primary current multiplied by the primary turns 
must equal the secondary current multiplied by 
the secondary tùrns. From this it follows that 

n. , 
— in 

np 

where I p = Primary current 
I. = Secondary current 
n, = Number of turns on primary 
n, = Number of turns on secondary 
Exam q It': Suppose that the secondary of the 

transformer in the previous example is deliver-
ing a current of 0.2 ampere to a load. Then the 
primary current will be 

/, = 2-8® X 0.2 = 7 X 0.2 = 1.4 amp. 
n, 400 

Although the secondary voltage is higher than 
the primary voltage, the secondary current is 
lower than the primary current, and by the same 

ratio. 

Effect of Secondary Current 

The current that flows in the primary when no 
current is taken from the secondary is called the 
magnetizing current of the transformer. In any 
properly-designed transformer the primary in-
ductance will be so large that the magnetizing 

Power Relationships; Efficiency 

A transformer cannot create power; it can only 
transfer it and change the e.m.f. Hence, the power 
taken from the secondary cannot exceed that 
taken by the primary from the source of applied 
e.m.f. There is always some power loss in the 
resistance of the coils and in the iron core, so in all 
practical cases the power taken from the source 
will exceed that taken from the secondary. Thus, 

P.= nPi 

where P.= Power output from secondary 
= Power input to primary 

n = Efficiency factor 

The efficiency, n, always is less than 1. It is usu-
ally expressed as a percentage; if n is 0.65, for 
instance, the efficiency is 65 per cent. 

Example: A transformer has an efficiency of 
85q, at its full-load output of 150 watts. The 
power input to the primary at full secondary 
load will be 

= P—o  = — 150 = 170.5 watts 
n 0.85 
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Transformers 

A transformer is usually designed to have its 
highest efficiency at the power output for which 
it is rated. The efficiency decreases with either 
lower or higher outputs. On the other hand, the 
losses in the transformer are relatively small at 
low output but increase as more power is taken. 
The amount of power that the transformer can 
handle is determined by its own losses, because 
these heat the wire and core. There is a limit to 
the temperature rise that can be tolerated, be-
cause too-high temperature either will melt the 
wire or cause the insulation to break down. A 
transformer always can be operated at reduced 
output, even though the efficiency is low, because 
the actual loss also will be low under such condi-
tions. 
The full-load efficiency of small power trans-

formers such as are used in radio receivers and 
transmitters usually lies between about 60 per 
cent and 90 per cent, depending upon the size and 
design. 

Leakage Reactance 

In a practical transformer not all of the mag-
netic flux is common to both windings, although 
in well-designed transformers the amount of flux 
that "cuts" one coil and not the other is only a 
small percentage of the total flux. This leakage 
flux causes an e.m.f. of self-induction; con>e-
quently, there are small amounts of leakage in-
ductance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount of ordi-
nary inductance inserted in series u ith the circuit. 

Fig. 2-33—The equivalent circuit of a transformer includes 
the effects of leakage inductance and resistance of both 
primary and secondary windings. The resistance 12, is an 
equivalent resistance representing the core losses, which 
are essentially constant for any given applied voltage and 
frequency. Since these are comparatively small, their effect 
may be neglected in many approximate calculations. 

It has, therefore, a certain reactance, depending 
upon the amount of leakage inductance and the 
frequency. This reactance is called leakage 
reactance. 

Current flowing through the leakage reactance 
causes a voltage drop. This voltage drop increases 
with increasing current, hence it increases as more 
power is taken from the secondary. Thus, the 
greater the secondary current, the smaller the 
secondary terminal voltage becomes. The resist-
ances of the transformer windings also cause 
voltage drops when cuitent is flowing; although 
these voltage drops are not in phase with those 
caused by leakage reactance, together they result 
in a lower secondary voltage under load than is 
indicated by the turns ratio of the transformer. 
At power frequencies (60 cycles) the voltage at 

the secondary, with a reasonably well-designed 
transformer, should not drop more than about 10 

per cent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating at audio fre-
quencies because the leakage reactance increases 
directly with the frequency. 

Impedance Ratio 

In an ideal transformer — one without losses 
or leakage reactance — the following relationship 
is true: 

Z, Z,,AT2 

where Zp = Impedance looking into primary ter-
minals from source of power 

Z. = Impedance of load connected to 
secondary 

N = Turns ratio, primary to secondary 

That is, a load of any given impedance con-
nected to the secondary of the transformer will be 
transformed to a different value " looking into" 
the primary from the source of power. l'he im-
pedance transformation is proportional to the 
square of the primary-to-secondary turns ratio. 

Example: A transformer has a primary-to-
secondary turns ratio of 0.6 (primary has 6/10 
as many turns as the secondary) and a load of 
3000 ohms is connected to the secondary. The 
impedance looking into the primary then will be 

= Z.N2 = 3000 X (0.6)2 = 3000 X 0.36 
= 1080 ohms 

By choosing the proper turns ratio, the im-
pedance of a fixed load can be transformed to any 
desired value, within practical limits. The trans-
formed or "reflected" impedance has the same 
phase angle as the actual load impedance; thus 
if the load is a pure resistance the load presented 
by the primary to the source of power also will be 
a pure resistance. 
The above relationship may be used in prac-

tical work even though it is based on an "ideal" 
transformer. Aside from the normal design re-
quirements of reasonably low internal losses and 
low leakage reactance, the only requirement is 
that the primary have enough inductance to 
operate with low magnetizing current at the 
voltage applied to the primary. 
The primary impedance of a transformer — 

as il appears to the source of power — is determined 
wholly by the load connected to the secondary 
and by the turns ratio. If the characteristics of 
the transformer have an appreciable effect on 
the impedance presented to the power source, 
the transformer is either poorly designed or is 
not suited to the voltage and frequency at which 
it is being used. Most transformers will operate 
quite well at voltages from slightly above to well 
below the design figure. 

Impedance Matching 

Many devices require a specific value of load 
resistance (or impedance) for optimum operation. 
The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used to change the 
actual load into an impedance of the desired 
value. This is called impedance matching. From 
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SHELL TYPE 

the preceding, 

N P 

where N = Required turns ratio, primary to 
secondary 

Z„ = Primary impedance required 
= Impedance of load connected to sec-

ondary 

Example: A vacuum-tube a.f. amplifier re-
quires a load of 5000 ohms for optimum per-
formance, and is to be connected to a loud-
speaker having an impedance of 10 ohms. The 
turns ratio, pris ary to secondary. required in 
the coupling transformer is 

z, 10 
The primary therefore must have 22.4 times as 
TIMM' turns as the secondary. 

Impedance matching means, in general, ad-
justing the load impedance — by means of a 
transformer or otherwise — to a desired value. 
however, there is also another meaning. It is 
possible to show that any source of power will 
deliver its maximum possible output when the 
impedance of the load is equal to the internal 
impedance of the source. The impedance of the 
source is said to be "matched" under this con-
dition. The efficiency is only 50 per cent in such 
a case; just as much power is used up in the source 
as is delivered to the load. Because of the poor 
efficiency, this type of impedance matching is 
limited to cases where only a small amount of 
power is available and heating from power loss 
in the sourtp is not important. 

Transformer Construction 

Transformers usually are designed so that 
the magnetic path around the core is as short as 
possible. A short magnetic path means that the 
transformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. 

LAMINATION SHAPE 

CORE TYPE 

Fig. 2-34—Two common types of transformer construction. 
Core pieces are interleaved to provide a continuous 

magnetic path. 

A short path also helps to reduce flux leakage and 
therefore minimizes leakage reactance. 
Two core shapes are in common use, as shown 

in Fig. 2-34. In the shell type both windings are 

placed on the inner leg, while in the core type 
the primary and secondary windings may be 
placed on separate legs, if desired. This is some-
times done when it is necessary to minimize 
caparit ive CiTePt S between the primary and sec-
ondary, or vhen one of the windings must op-
erate at very Itigh voltage. 

Core material for small transformers is usually 
silicon steel, called "tranh am s ier n iro." Thu (.1(i'e 
is built up of laminati4)i s, insulated from each 
other (by a thin coating of shellae, flit. example) 
to prevent the flow of eddy currelits. The lami-
nations are interleaved at the ends to make the 
magnetic path as continuous as possible and thus 
reduce flux leakage. 
The number of turns required in the primary 

for a given applied e.m.f. is determined by the 
size, shape and type of core material used, and 
the frequency. The number of turns required is 
inversely proportional to the cross-seet ional area 
of the core. As a rough indication. windings of 
small power transformers frequent ly have about 
six to eight turns per volt on a core of 1-square-
inch cross section and have a magnetic path 10 
or 12 inches in length. A longer path or smaller 
cross section requires more turns per volt, and 
vice vers:t. 

In most transformers the coils are wound in 
layers, with a thin sheet of treated-paper insula-
tion between each layer. Thicker insulation is 
used bet ween coils and between coils and core. 

Autotransformers 

The transformer principle can be utilized with 
only one winding instead of two, as shown in 
Fig. 2-35; the principles just discussed apply 

Load 

Fig. 2-35—The autotransformer is based on the transformer 
principle, but uses only one winding. The line and load 
currents in the common winding ( A) flow in opposite direc-
tions, so that the resultant current is the difference between 
them. The voltage across A is proportional to the turns ratio. 

equally well. A one-winding transformer is called 
an autotransformer. The current in the common 
section (A) of the winding is the difference be-
tween the line (primary) and the load (secondary) 
currents, since these currents are out of phase. 
Hence if the line and load currents are nearly 
equal the common section of the winding may be 
wound with comparatively small wire. This will 
be the ease only when the primary (line) and 
secondary (load) voltages are not very different. 
The autotransformer is used chiefly for boosting 
or reducing the power-line voltage by relatively 
small amounts. 
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The Decibel 

The Decibel 

In most radio communication the received 
signal is converted into sound. This being the 
case, it is useful to appraise signal strengths in 
terms of relative loudness as registered by the 
ear. A peculiarity of the ear is that an increase 
or decrease in loudness is responsive to the 
ratio of the amounts of power involved, and is 
practically independent of absolute value of the 
power. For example, if a person estimates that 
the signal is " twice as loud" when the trans-
mitter power is increased from 10 watts to 
40 watts, he will also estimate that a 400-watt 
signal is twice as loud as a 100-watt signal. In 
other words, the human ear has a logarithmic re-
sponse. 

This fact is the basis for the use of the 
relative-power unit called the decibel (abbrevi-
ated db.) A change of one decibel in the power 
level is just detectable as a change in loudness 
under ideal conditions. The number of decibels 
corresponding to a given power ratio is given by 
the following formula: 

Db. = 10 log 

Common logarithms ( base 10) are used. 

Voltage and Current Ratios 

Note that the decibel is based on power 
ratios. Voltage or current ratios can be used, 
but only when the itnpedance is the same for both 
values of voltage, or current. The gain of an 
amplifier cannot be expressed correctly in db. 
if it is based on the ratio of the output voltage 
to the input voltage unless both voltages are 
measured across the same value of impedance. 
When the impedance at both points of measure-
ment is the same, the following formula may 
be used for voltage or current ratios: 

Db. = 20 log 1-0 
1-1 

, /0 
or 20 tog 

/1 

Decibel Chart 

The two formulas are shown graphically in 
Fig. 2-36 for ratios from 1 to 10. Gains (in-
creases) expressed in decibels may be added 
arithmetically; losses (decreases) may be sub-
tracted. A power decrease is indicated by 
prefixing the decibel figure with a minus 
sign. Thus +6 db. means that the power has 
been multiplied by 4, while — 6 db. means 
that the power has been divided by 4. 
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Fig. 2- 36— Decibel chart for power, voltage and current 
ratios for power ratios of 1:1 to 10:1. In determining 
decibels for current or voltage ratios the currents (or 
voltages) being compared must be referred to the same 

value of impedance. 

The chart may be used for other ratios by 
adding (or subtracting, if a loss) 10 db. each time 
the ratio scale is multiplied by 10, for power 
ratios; or by adding (or subtracting) 20 db. each 
time the scale is multiplied by 10 for voltage or 
current ratios. For example, a power ratio of 2.5 
is 4 db. (from the chart). A power ratio of 10 
times 2.5, or 25, is 14 db. (10 4), and a power 
ratio of 100 times 2.5, or 250, is 24 db. (20 4). 
A voltage or current ratio of 4 is 12 db., a voltage 
or current ratio of 40 is 32 d1). (20 + 12), and a 
voltage or current ratio of 400 is 52 db. (40 -I- 12). 

Radio-Frequency Circuits 

• RESONANCE IN SERIES CIRCUITS 
Fig. 2-37 shows a resistor, capacitor and in-

ductor connected in series with a source of alter-
nating current, the frequency of which can be 
varied over a wide range. At some low frequency 
the capacitive reactance will be much larger than 
the resistance of R, and the inductive reactance 
will be small compared with either the reactance 
of C or the resistance of R. (R is assumed to be the 
same at all frequencies.) On the other hand, at 
some very high frequency the reactance of C will 
be very small and the reactance of L will be very 
large. In either of these cases the current will be 

small, because the reactance is large at either low 
or high frequencies. 

o 

EAo  

Fig. 2-37—A series circuit containing L, C and R is "reso-
nant" at the applied frequency when the reactance of C 

is equal to the reactance of L. 
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At some intermediate frequency, the reactances 
of C and L will be equal and the voltage drops 
across the coil and capacitor will be equal and 
180 degrees out of phase. Therefore they cancel 
each other completely and the current flow is 
determined wholly by the resistance, R. At that 
frequency the current has its largest possible 
value, assuming the source voltage to be constant 
regardless of frequency. A series circuit in which 
the inductive and capacitive reactances are equal 
is said to be resonant. 

Although resonance is possible at any fre-
quency, it finds its most extensive application in 
radio-frequency circuits. The reactive effects 
associated with even small inductances and capac-
itances would place drastic limitations on r.f. 
circuit operation if it were not possible to "cancel 
them out" by supplying the right amount of re-
actance of the opposite kind — in other words, 
"tuning the circuit to resonance." 

Resonant Frequency 

The frequency at which a series circuit is 
resonant is that for which XL = Xe. Substitut-
ing the formulas for inductive and capacitive 
reactance gives 

f - 
22r\/ LC 

where f = Frequency in cycles per second 
L = Inductance in henrys 
= Capacitance in farads 
= 3.14 

These units are inconveniently large for radio-
frequency circuits. A formula using more appro-
priate units is 

106  
f - Le 

where f = Frequency in kilocycles (kc.) 
L = Inductance in microhenrys (10h.) 
C = Capacitance in micromicrofarads 

(me) 
ir = 3.14 

Example: The resonant frequency of a series 
circuit containing a 5-ph, inductor and a 35-
gpf. capacitor is 

  — 
2r ‘,//..0 6.28 X ‘,/5 X 35 

10°  
— — 12,050 ke. 

6.28 X 13.2 83 

10, 

The formula for resonant frequency is not 
affected by the resistance in the circuit. 

Resonance Curves 

If a plot is clr:Iwn of the current flowing in the 
circuit of Fig. 2-37 as the frequency is varied 
(the applied voltage being constant) it would 
look like one of the curves in Fig. 2-38. The shape 
of the resonance curve at frequencies near reso-
nance is determined by the ratio of reactance to 
resistanee. 

If the reactance of either tlw roil or capacitor is 
of the same order of magnitude as the resistance, 
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PER CENT CHANGE FROM RESONANT FREQUENCY 

Fig. 2-38—Current in a series-resonant circuit with various 
values of series resistance. The values are arbitrary and 
would not apply to all circuits, but represent a typical 
case. It is assumed that the reactances (at the resonant 
frequency) are 1000 ohms. Note that at frequencies 
more than plus or minus ten per cent away from the reso-
nant frequency the current is substantially unaffected by 

the resistance in the circuit. 

the current decreases rather slowly as the fre-
quency is moved ill either direction away from 
resonance. Such a curve is said to be broad. On 
the other hand, if the reactance is considerably 
larger than the resistance the current decreases 
rapidly as the frequency moves away from 
resonance and the circuit is said to be sharp. A 
Shari) circuit will respond a great deal more read-
ily to the resonant frequency than to frequencies 
quite close to resonance; a broad circuit will 
respond almost equally well to a group or band 
of frequencies centering around the resonant 
frequency. 

Both types of resonance curves are useful. A 
sharp circuit gives good selectivity — the ability 
to respond strongly (in terms of current ampli-
tude) at one desired frequency and discriminate 
against others. A broad circuit is used when the 
apparatus must give about the same response 
over a band of frequencies rather than to a single 
frequency alone. 
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Fig. 2-39—Current in series-resonant circuits having 
different Os. In this graph tile current at resonance is 
assumed to be the some in all cases. The lower the Q, the 
more slowly the current decreases as the applied fre-

quency is moved away from resonance 
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Most diagrams of resonant circuits show only 
inductance and capacitance; no resistance is indi-
cated. Nevertheless, resistance is always present. 
At -frequencies up to perhaps 30 Mc. this resist-
ance is mostly in the wire of the coil. Above this 
frequency energy loss in the capacitor (princi-
pally in the solid dielectric which must be used 
to form an insulating support for the capacitor 
plates) becomes appreciable. This energy loss is 
equivalent to resistance. When maximum sharp-
ness or selectivity is needed the object of design 
is to reduce the inherent resistance to the loWest 
possible value. 
The value of the reactance of either the induc-

tor or capacitor at the resonant frequency of a 
series-resonant circuit, divided by the resistance 
in the circuit, is called the Q (quality factor) 
of the circuit, or 

X 
Q = — 

R 

where Q = Quality factor 
X = Reactance of either coil or condenser, 

in ohms 
R = Series resistance in ohms 

Example: The inductor and capacitor in a 
series circuit each have a reactance of 350 ohms 
at the resonant frequency. The resistance is 5 
ohms. Then the Q is 

,., X 350 
— = — tu 
R 5 

The effect of Q on the sharpness of resonance 
of a circuit is shown by the curves of Fig. 2-39. 
In these curves the frequency change is shown 
in percentage above and below the resonant 
frequency. Qs of 10, 20, 50 and 100 are shown; 
these values cover much of the range commonly 
used in radio work. 

Voltage Rise 

When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the volt-
age that appears across either the inductor or 
capacitor is considerably higher than the applied 
voltage. The current in the circuit is limited only 
by the resistance and may have a relatively 
high value; however, the same current flows 
through the high reactances of the indurtor and 
capacitor and causes large voltage drops. The ra-
tio of the reactive voltage to the applied voltage 
is equal to the ratio of reactance to resistance. 
This ratio is also the Q of the circuit. Therefore, 
the voltage across either the inductor or eapacitcr 
is equal to Q times the voltage inserted in series 
with the circuit. 

Example: The inductive reactance of a circuit 
is 200 ohms, the capacitive reactance is 200 
ohms, the resistance 5 ohms, and the applied 
voltage is 50. The two reactances cancel and 
there will be but 5 ohms of pure resistance to 
limit the current flow. Thus the current will be 
50/5, or 10 amperes. The voltage developed 
across either the inductor or tire capacitor will ire 
equal to its reactance times the current, or 
200 X 10 = 2000 volts. An alternate method: 
The Q of the circuit is X/R = 200/5 = 40. 
The reactive voltage is equal to Q times the 
applied voltage, or 40 X 50 w 2000 volts. 

• RESONANCE IN PARALLEL CIRCUITS 
When a variable-frequency source of constant 

voltage is applied to a parallel circuit of the type 
shown in Fig. 2-40 there is a resonance effect 
similar to that in a series circuit. However, in this 
case the "line" current (measured at the point 
indicated) is smallest at the frequency for which 
the inductive and capacitive reactances are equal. 
At that frequency the current through L is ex-
actly canceled by the out-of-phase current 
through C, so that only the current taken by R 
flows in the line. At frequencies below resonance 
the current through L is larger than that through 
C, because the reactance of L is smaller and 
that of C higher at low frequencies; there is 
only partial cancellation of the two reactive 
currents and the line current therefore is larger 
than the current taken by R alone. At frequencies 
above resonance the situation is reversed and 
more current flows through C than through L, 
so the line current again increases. The current 
at resonance, being determined wholly by R. 
will be small if R is large and large if R is small. 

Fig. 2-40—Circuit illustrating parallel resonance. 

The resistance R shown in Fig. 2-40 is not 
necessarily an actual resistor. In most cases it 
will be an "equivalent" resistance that represents 
the energy loss in the circuit. This loss can be in-
herent in the coil or capacitor, or may represent 
energy transferred to a load by means of the 
resonant circuit. (For example, the resonant 
circuit may be used for transferring power from 
a vacuum-tube amplifier to an antenna system.) 

Parallel and series resonant circuits are quite 
alike in some respects. For instance, the circuit s 
given at A and B in Fig. 2-41 will behave ident 
cally, when an external voltage is applied, if ( 1) 
L and C are the same in both cases; and (2) R5 
multiplied by R, equals the square of the react-
ance (at resonance) of either L or C. M'hen these 
conditions are met the two circuits will have the 

(A) (B) 

Fig. 2-41—Series and parallel equivalents when the 

two circuits are resonant. The series resistor, Rs, in A 
can be replaced by an equivalent parallel resistor, Rp, in 

B, and vice versa. 
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same Qs. (These statements are approximate, but 
are quite accurate if the Q is 10 or more.) The cir-
cuit at A is a series circuit if it is viewed from the 
"inside" — that is, going around the loop 
formed by L, C and R — so its Q can be found 
from the ratio of X to R.. 
Thus a circuit like that of Fig. 2-41A has an 

equivalent parallel impedance (at resonance) 
equal to R,„ the relationship between R. and Ri, 
being as explained above. Although R,, is not 
au actual resistor, to the source of voltage the 
parallel-resonant circuit " looks like" a pure 
resistance of that value. It is " pure" resistance 
because the inductive and capacitive currents are 
180 degrees out of phase and are equal; thus there 
is no reactive current in the line. In a practical 
circuit with a high-Q capacitor, at the resonant 
frequency the parallel impedance is 

Z,=QX 

where Zr = Resistive impedance at resonance 
Q = Quality factor of inductor 
X = Reactance (in ohms) of either the 

inductor or capacitor 

Example: The parallel impedance of a circuit 
with a Q of .50 and having inductive and ca-
pacitive reactances of 300 ohms will be 

Zr = QX = 50 X 300 = 15.000 ohms. 

At frequencies off resonance the impedance 
is no longer purely resistive because the inductive 
and capacitive currents are not equal. The off-
resonant impedance therefore is complex, and 
is loner than the resonant impedance for the 
reasons previously outlined. 
The higher the Q of the circuit, the higher the 

parallel impedance. Curves showing the varia-
tion of impedance (with frequency) of a parallel 
circuit have just the same shape as the curves 
showing the variation of current with frequency 
in a series circuit. Fig. 2-42 is a set of such curves. 

"0.100 

0.50 

0:20 

0 0+10  
-20 -10 0 +10 +20 

PER CENT CHANGE FROM RESONANT FREQUENCY 

Fig. 2-42—Relative impedance of parallel-resonant 
circuits with different Os. These curves ore similar to 
those in Fig. 2-42 for current in a series-resonant circuit. 
The effect of O on impedance is most marked near the 

resonant frequency. 

Parallel Resonance in Low-Q Circuits 

The preceding discussion is accurate only for 
Qs of 10 or more. When the Q is below 10, reso-
nance in a parallel circuit having resistance in 

series with the coil, as in Fig. 2-41A, is not so 
easily defined. There is a set of values for L and 
C that will make the parallel impedance a pure 
resistance, but with these values the impedance 
does not have its maximum possible value. An-
other set of values for L and C will make the 
parallel impedance a maximum, but this maxi-
mum value is not a pure resistance. Either 
condition could be called "resonance," so with 
low-Q circuits it is necessary to distinguish be-
tween maximum impedance and resistive im-
pedance parallel resonance. The difference be-
tween these L and C values and the equal react-
tutees of a series-resonant circuit is appreciable 
when the Q is in the vicinity of 5, and becomes 
more marked with still I over Q values. 

Q of Loaded Circuits 

In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 Mc. 
most of this resistance is in the coil. Within 
limits, increasing the number of turns in the 
coil increases the reactance faster than it raises 
the resistance, so coils for circuits in which the 
Q must be high may have reactances of 1000 
ohms or more at the frequency under considera-
tion. 

(A) (B) 

Fig. 2-43—The equivalent circuit of a resonant circuit 
delivering power to a load. The resistor R represents 
the load resistance. At B the load is tapped across part 
of L, which by transformer action is equivalent to using 

a higher load resistance across the whole circuit. 

However, when the circuit delivers energy to 
a load (as in the case of the resonant circuits 
used in transmitters) the energy consumed in 
the circuit itself is usually negligible compared 
with that consumed by the load. The equivalent 
of such a circuit is shown in Fig. 2-43A, where 
the parallel resistor represents the load to which 
powei is delivered. If the power dissipated in the 
load is at least ten times as great as the power 
lost in the inductor and capacitor, the parallel im-
pedance of the resonant circuit itself will be so 
high compared with the resistance of the load 
that tor all practical purposes the impedance of 
the combined circuit is equal to the load resist-
ance. Under these conditions the Q of a parallel-
resonant circuit loaded by a resistive impedance is 

Q = — 
X 

where Q = Quality factor 
R = Parallel load resistance (ohms) 
X = Reactance (ohms) of either the in-

ductor or capacitor 
Example:A resistive load of 3000 ohms is eon-

fleeted across a resonant circuit in which the in-
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duciir e and g•apacitive reactances are each 250 
The eircuit Q is then 

R 3000 
Q = — — = 12 

X 250 
The "effective" Q of a circuit loaded by a 

parallel resistance becomes higher when the re-
actances are decreased. A circuit loaded with a 
relatively low resistance (a few thousand ohms) 
must have low-reactance elements (large capaci-
tance and small inductance) to have reasonably 
high Q. 

Impedance Transformation 

An important application of the parallel-
resoles nt circuit is as an impedance-matching de-
vice in the output circuit of a vacuum-tube r. r. 
power amplifier. As described in the section on 
vacuum tubes, there is an optimum value of load 
resistance for each type of tube and set of operat-
ing conditions. However, the resistance of the 
load to which the tube is to deliver power usually 
is considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may 
be tapped across part of the coil, as shown in 
Fig. 2-43B. This is equivalent to connecting a 
higher value of load resistance across the whole 
circuit, :old is similar in principle to impedance 
transformation with an iron-core transformer. 
In high-frequency resonant circuits the im-
pedance ratio does not vary exactly as the square 
of the turns ratio, because all the magnetic 1111\ 
lines do not cut every turn of the coil. A desired 
reflected impedance usually must be obtained by 
experimental adjustment. 
When the load resistance has a very low ‘ralue 

(say below 100 ohms) it may be connected in 
series in the resonant circuit (as in Fig. 2-3IA, 
for example), in which case it is transformed to 
an equivalent parallel impedance as previously 
described. If the Q is at least 10, the equivalent 
parallel impedance is 

x2 
Zr = — 

where Zr = Resistive parallel impedance at reso-
nance 

X --- Reactance (in ohms) of either the 
coil or capacitor 

I? = Load resistance inserted in series 

If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, for the reasons given in 
the discussion of low-Q circuits, to obtain a re-
sistive impedance of the desired value. 

Reactance Values 

The charts of Figs. 2-44 and 2-45 show react-
ance values of inductances and capacitances in 
the range commonly used in r.f. tuned circuits 
for the amateur bands. With the exception of the 
3.5-4 Mc. band, limiting values for which are 
shown on the charts, the change in reactance over 
a band, for either inductors or capacitors, is small 
enough so that a single curve gives the reactance 
with sufficient accuracy for most practical 
purposes. 

mu 

40 

30 

20 

10 
. 

, , 

•UUuIL11, c. 

1, t 
cs 

0.1 
10 20 30 40 50 100 200 300 400500 1000 2000 
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Fig. 2-44—Reactance chart for inductance values 
commonly used in amateur bands from 1.75 to 220 Mc. 

LIC Ratio 

The formula fi ir resonant frequency of a circuit 
,hows that the same frequency always will be 

il ti stiesl so long as I he product of /. and ( is mn-
stint. ‘Vithin this limitation, it is evident that /. 
can be large and (' small, L small and (' large, etc. 
The relation between the two for a fixed fre-
quency is called the LIC ratio. A high-C circuit 

10 20 30 40 50 00 200 300400500 1000 

CAPACITIVE REACTANCE /N OHMS 

2000 

Fig. 2-45—Reactance chart for capacitance values com-
monly used in amateur bands from 1.75 to 220 Mc. 
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is one that has more capacitance than "normal" 
for the frequency; a low-C circuit one that has 
less than normal capacitance. These terms depend 
to a considerable extent upon the particular ap-
plication considered, and have no exact numeri-
cal meaning. 

LC Constants 

It is frequently convenient to use the numerical 
value of the LC constant when a number of calcu-
lations have to be made involving different L/C 
ratios for the same frequency. The constant for 
any frequency is given by the following equation: 

LC = 25'330 

where L = Inductance in microhenrys (ph.) 

C = Capacitance in micromicrofarads 
(mmf.) 

= Frequency in megacycles 

Example: Find the inductance required to 
resonate at 3650 Itc. (3.65 Mc.) with capaci-
tances of 25, 50, 100, and 500 pod. The LC 
eonstant is 

25 330 25 330 
LC —   —  — 1900 

(3.65) 2 13.33 

With 23 L 1900/C = 1900/25 
= 76 µh. 

50 pd. L = 1900/C = 1900/50 
= 38 µh. 

100 55(. 1, = 1900/C = 1900/100 
= 19 µII. 

500 µµf. L = 1900/C = 1900/500 
= 3.8 uh. 

• COUPLED CIRCUITS 
Energy Transfer and Loading 

Two circuits are coupled when energy can be 
transferred from one to the other. The circuit 
delivering power is called the primary circuit; the 
one receiving power is called the secondary cir-
cuit. The power may be practically all dissipated 
in the secondary circuit itself (this is usually the 
case in receiver circuits) or the secondary may 
simply act as a medium through which the power 
is transferred to a load. In the latter case, the 
coupled circuits may act as a radio-frequency 
impedance-matching device. The matching can 
be accomplished by adjusting the loading on the 
secondary and by varying the amount of coupling 
between the primary and secondary. 

Coupling by a Common Circuit Element 

One method of coupling between two resonant 
circuits is through a circuit element common to 
both. The three common variations of this type 
of coupling are shown in Fig. 2-46: the circuit 
element common to both circuits carries the sub-
script M. At A and B current circulating in 
Lei flows through the common element, and the 
voltage developed across this element causes 
current to flow in L2C2. At C, Cm and C2 form a 
capacitive voltage divider across Lei, and some 
of the voltage developed across LiCi is applied 
across L2C2. 

(A) 

(C) 

Fig. 2-46—Three methods of circuit coupling. 

If both eircuits are resonant to the same 
frequency, as is usually the case, the value of 
coupling reactance required for maximum energy 
transfer can be approximated by the following, 
based on Li = L2e C1= ("2 and Qi = Q2: 

(A) Lm (B) =- (C) CM = 
Cl/Q1• 
The coupling can be increased by increasing 

the above coupling elements in A and C and 
decreasing the value in B. When the coupling is 
increased, the resultant bandwidth of the com-
bination is increased, and this principle is some-
times applied to " broad-band" the circuits in a 
transmitter or receiver. When the coupling 
elements in A and C are decreased, or when the 
coupling element in B is increased, the coupling 
between the circuits is decreased below the 
critical coupling value on which the above 
approximations are based. Less than critical 
coupling will decrease the bandwidth and the 
energy transfer; the principle is often used in 
receivers to improve the selectivity. 

Inductive Coupling 

Figs. 2-47 and 2-48 show inductive coupling, or 
coupling by means of the mutual inductance be-
tween two coils. Circuits of th s type resemble the 
iron-core transformer, but because only a part of 

2 
 o 

Output (B) 
 o 

Fig. 2-47—Single-tuned inductively coupled circuits. 
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the magnetic flux lines set up by one coil cut the 
turns of the other coil, the simple relationships 
between turns ratio, voltage ratio and impedance 
ratio in the iron-core transformer do not hold. 
Two types of inductively-coupled circuits are 

shown in Fig. 2-47. Only one circuit is resonant. 
The circuit at A is frequently used in receivers for 
coupling between amplifier tubes when the tuning 
of the circuit must be varied to respond to signals 
of different frequencies. Circuit 13 is used prin-
cipally in transmitters, for coupling a radio-
frequency amplifier to a resistive load. 

In these circuits the coupling between the 
primary and secondary coils usually is "tight" — 
that is, the coefficient of coupling between the 
coils is large. With very tight coupling either cir-
cuit operates nearly as though the device to which 
the untuned coil is connected were simply tapped 
across a corresponding number of turns on the 
tuned-circuit coil, thus either circuit is approxi-
mat ely equivalent to Fig. 2-43B. 
By proper choice of the number of turns on 

the untuned coil, and by adjustment of the 
coupling, the parallel impedance of the tuned cir-
cuit may be adjusted to the value required for 
the proper operat ion of the device to which it is 
connected. In any case, the maximum energy 
transfer possible for a given coefficient of coupling 
is obtained when the reactance of the untuned 
coil is equal to the resistance of its load. 
The Q and parallel impedance of the tuned 

circuit are reduced by coupling through an un-
tuned coil in much the same way as by the 
tapping arrangement shown in Fig. 2-1313. 

Coupled Resonant Circuits 

1Vhen the primary mid seem alary circuits are 
both tuned, as in Fig. 2-18, the resonance effects 

(A) 

(B) 
Fig. 2-48—Inductively- coupled resonant circuits. Circuit A 
is used for high-resistance loads (load resistance much 
higher than the reactance of either L2 or C2 at the resonant 
frequency). Circuit B is suitable for low resistance loads 
(load resistance much lower than the reactance of either 

L2 or C2 at the resonant frequency). 

in both circuits make the operation somewhat 
more complicated than in the simpler circuits just 
considered. Imagine first that the two circuits are 
not coupled and that each is independently tuned 
to the resonant frequency. The impedance of each 
will be purely resist ive. If the primary circuit is 
connected to a source of r.f. energy of the resonant 

frequency and the secondary is then loosely 
coupled to the primary, a current will flow in the 
secondary circuit. In flowing through the re-
sistance of the secondary circuit and any load 
that may be connected to it, the current causes a 
power loss. This power must come from the 
energy source through the primary circuit, and 
manifests itself in the primary as an increase in 
the equivalent resistance in series with the 
primary coil. Hence the Q and parallel impedance 
of the primary circuit are decreased by the 
coupled secondary. As the coupling is made 
greater (without changing the tuning of either 
circuit) the coupled resistance becomes larger 
and the parallel impedance of the primary con-
tinues to decrease. Also, as the coupling is made 
tight er the amount of power transferred from the 
primary to the secondary will increase to a 
maximum at one value of coupling, called critical 
coupling, but then decreases if the coupling 
is tightened still more (still without changing the 
tuning). 

Critical coupling is a function of the Qs of the 
two circuits. A higher coefficient of coupling is 
required to reach critical coupling when the Qs 
are low; if the Qs are high, as in receiving applica-
tions, a coupling coefficient of a few per cent may 
give critical coupling. 

With loaded circuits such as are used in trans-
mitters the Q may be too low to give the desired 
power transfer even when the coils are coupled 
as tightly as the physical construction permits. 
In such case, increasing the Q of either circuit 
will be helpful, although it is generally better to 
increase the Q of the lower-Q circuit. rather than 
the reverse. The Q of the parallel-tuned primary 
(input) circuit can be increased by decreasing the 
LIC ratio because, as shown in connection with 
Fig. 2-43, this circuit is in effect loaded by a 
parallel resistance (effect of coupled-in resist-
ance). In the parallel-tuned secondary circuit, 
Fig. 2-48A, the Q can be increased, for a fixed 
value of load resistance, either by decreasing the 
LIC ratio or by tapping the load down (see Fig. 
2-43). In the series-tuned secondary circuit, Fig. 
2-48B, the Q may be increased by increasing the 
L/C ratio. There will generally be no difficulty in 
securing sufficient coupling, with practicable 
coils, if the product of the Qs of the two tuned 
circuits is 10 or more. A smaller product will 
suffice if the coil construction permits tight 
coupling. 

Selectivity 

In Fig. 2-47 only one circuit is tuned and the 
selectivity curve will be essentially that of a single 
resonant circuit. As stated, the effective Q de-
pends upon the resistance connected to the un-
tuned coil. 

In Fig. 2-48, the selectivity is the same as that 
of a single tuned circuit having a Q equal to the 
product of the Qs of the individual circuits — if 
the coupling is well below critical (this is not the 
conditions for optimum power transfer discussed 
immediately above) and both circuits are tunes! 
to resonance. The Qs of the individual circuits 
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Fig. 2-49—Showing the effect on the output voltage from 
the secondary circuit of changing the coefficient of coupling 
between two resonant circuits independently tuned to the 
some frequercy. The voltage applied to the primary is 
held constant in amplitude while the frequency is varied, 
and the output voltage is measured across the secondary. 

are affected by the degree of coupling, because 
each couples resistance into the other; the 
tighter the coupling, the lower the inditidual'Qs 
and therefore the lower the over-all selectivity. 

If both circuits are independently tuned to 
resonance, the over-all selectivity will vary about 
as shown in Fig. 2-49 as the coupling is varied. 
With loose coupling, A, the output voltage 
(across the secondary circuit.) is small and the 
selectivity is high. As the coupling is increased 
the secondary voltage also increases until critical 
coupling, B, is reached. At this point the output 
voltage at the resonant frequency is maximum 
but the selectivity is lower than with looser 
coupling. At st ill tighter coupling, C, the output 
voltage at the resonant frequency decreases, but 
as the frequency is varied either side of resonance 
it is found that there are two "humps" to the 
(111Ye, one on either side of resonance. With very 
tight coupling, D, there is a further decrease in 
the output voltage at resonance and the "humps" 
are farther away from the resonant frequency. 
Curves such as those at C and D are called flat-
topped because the output voltage does not change 
much over an appreciable band of frequencies. 
Note that the off-resonance humps have the 

same maximum value as the resonant output volt-
age at critical coupling. These humps are caused 
by the fact that at frequencies off restmanee the 
secondary ( t cuit is reavtive and couples reactance 
as well as resistance into the primary. The cou-
pled resistance ( 1(4.i-eases off resonance, and each 
hump represent s a new rondition of critical you-
piing at a frequeney to width the primary is 
tuned by the addititmal muffled-in react anee 
from the' seeondary. 

Band-Pass Coupling 

Over-coupled resonant circuits are useful where 
substantially uniform output is desired over a 
continuous band of frequencies, without read-
justment of tuning. The width of the flat top of 
the resonance curve depends on the Qs of the two 
circuits as well as the tightness of coupling; the 
frequency separation between the humps will 
increase, and the curve become more flat-topped, 
as I lie Qs are lowered. 

I;aml-pass operation also is secured by tuning 

the two circuits to slightly different frequencies, 
which gives a double-humped resonance curve 
even with loose coupling. This is called stagger 
tuning. However, to secure adequate power 
transfer over the frequency band it is usually 
necessary to use tight coupling and experimentally 
adjust the circuits for the desired performance. 

Link Coupling 

A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-50. This gives 
the effect of inductive coupling between two coils 
that have no mutual inductance; the link is 
simply a means for providing the mutual induct-
ance. The total mutual inductance between two 
coils coupled by a link cannot be made as great 
as if the coils themselves were coupled. This is 
because the coefficient of coupling between air-
core coils is considerably less than 1, and since 
there are two coupling points the over-all coupling 

Fig. 2-50— Link coupling. The mutual inductances at both 
ends of the link are equivalent to mutual inductance be-
tween the tuned circuits, and serve the same purpose. 

coefficient is less than for any pair of coils. In 
practice this need not be disadvantageous because 
the power transfer can be made great enough by 
making the tuned circuits sufficiently high-Q. 
Link coupling is convenient when ordinaty in-
ductive coupling would be impracticable for mil-
struct ional reasons. 
The link coils usually have a small nunffier of 

turns compared with the resonant-circuit coils. 
The number of turns is not greatly important, 
because the coefficient of coupling is relatively 
independent of the number of turns on either coil; 
it is more important that both link coils should 
have about the same inductance. The length of the 
link between the coils is Ind critical if it is very 
small compared with the wavelength, but if the 
length is more than about one-t wentieth of a 
wavelength the link operates more as a transmis-
sion line than as a Inca IS for providing mut tad 
induct anee. In such ease it should be treated by 
the methods described in the chapter on Trans-
mission Lines. 

• IMPEDANCE-MATCHING CIRCUITS 
The coupling circuits discussed in the preced-

ing section have been based either on inductive 
coupling or on coupling through a common cir-
cuit element between two resonant circuits. These 
are not the only circuits that may be used for 
transferring power from one device to another. 
There is, in fact, a wide variety of such circuits 
available, all of them being classified generally as 
impedance-matching networks. Several net-
works frequently used in amateur equipment are 
shown in Fig. 2-51. 
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Fig. 2-51—Impedance-matching networks adaptable to 
amateur work. (A) L network for transforming to a higher 
value of resistance. ( B) L network for transforming 
to a lower resistance value. ( C) Pi network. RI is the 
larger of the two resistors; Q is defined as RI/Xcl. 
(D) Tapped tuned circuit used in some receiver applica-
tions. The impedance of the tuned circuit is transformed 
to a lower value, R,„, by the capacitive divider. 

The L Network 

The L network is the simplest possible im-
pedance-matching circuit. It closely resembles 
an ordinary resonant circuit with the load resist-
ance, 1?, Fig. 2-51, either in series or parallel. 
The arrangement shown in Fig. 2-51A is used 
when the desired impedance, RIN, is larger than 
the actual load resistance, R, while Fig. 2-51B 
is used in the opposite case. The design equations 
for each ease are given in the figure, in terms of 
the circuit reactances. The reactances may be 
converted to inductance and capacitance by 
means of the formulas previously given or taken 
directly from the charte of Figs. 2-44 and 2-45. 
When the impedance transformation ratio is 

large — that is, one of the two impedances is 
of the order of loo times (or more) larger than the 
other — the operation of the circuit is exactly 
the same as previously discussed in connection 
wit h impedance transformation with a simple 
LC resonant circuit. 
The Q of an L network is found in the same 

way as for simple resonant circuits. That is, it is 
equal to XL/R or RIN. 'Xe iq Pig. 2-51A, and to 
XL T IN or RIX(.1 in Pig. 2-1B. The value of 
Q is determined by the ratio of the impedances 
to be matched, and cannot be selected inde-
pendently. In the equations of Fig. 2-51 it is as-
sumed that both R and RIN are pure resistances. 

The Pi Network 

The pi network, shown in Fig. 2-51C, offers 
more flexibility than the L since the operating Q 
may be chosen practically at will. The only limita-
tion on the circuit values that may be used is that 
the reactance of the series arm, the inductor L in 
the figure, must not be greater than the square 
root of the product of the two values of resistive 
impedance to be matched. As the circuit is ap-
plied in amateur equipment, this limiting value 

of reactance would represent a network with an 
undesirably low operating Q, and the circuit val-
ues ordinarily used are well on the safe side of 
the limiting values. 

In its principal application as a "tank" circuit 
matching a transmission line to a power amplifier 
tube, the load R2 will generally have a fairly 
low value of resistance (up to a few hundred 
ohms) while RI, the required load for the tube, 
will be of the order of a few thousand ohms. 
In such a case the Q of the circuit is defined as 

so the choice of a value for the operat-
ing Q immediately sets the value of Xci and hence 
of CI. The values of X(.12 and XL are then 
found from the equations given in the figure. 

Graphical solutions of these equations for the 
most important practical cases are given in the 
chapter on transmitter design in the discussion 
of plate tank circuits. The L and C values may be 
calculated from the reactances or read from the 
charts of Figs. 2-44 and 2-45. 

Tapped Tuned Circuit 

The tapped tuned circuit of Fig. 2-51D is use-
ful in some receiver applications, where it is desir-
able to use a high-impedance tuned circuit as a 
lower-impedance load. When the Q of the in-
ductor has been determined, the capacitors can 
be selected to give the desired impedance trans-
formation and the necessary resultant capac-
itance to tune the circuit to resonance. 

• FILTERS 
A filter is an electrical circuit configuration 

(network) designed to have specific characteris-
tics with respect to the transmission or attenua-
tion of various frequencies that may be applied to 
it. There are three general types of filters: low-
pass, high-pass, and band-pass. 
A low-pass filter is one that will permit all 

frequencies below a specified one called the cut-off 
frequency to be transmitted with little or no loss, 
but that will attenuate all frequencies above the 
cut-off frequency. 
A high-pass filter similarly has a eut-off fre-

quency, above which there is little or no loss in 
transmission, but below which there is consider-
able attenuation. Its behavior is the opposite of 
that of the low-pass filter. 
A band-pass filtcr is one that will transmit a 

selected band of frequenries with substantially 
no loss, but that will attenuate all frequencies 
either higher or lower than t he desired band. 
The pass band of a filter is the frequeney spec-

trunt that is transmitted with liti le or no loss. 
The transmission characteristic is not necessarily 
perfectly uniform in the pass band, but the varia-
tions usually are small. 
The stop band is the frequency region in which 

attenuation is desired. The attenuation may vary 
in the stop band, and in a simple filter usually is 
least near the cut-off frequency, rising to high 
values at frequencies considerably removed from 
the cut-off frequency. 

Filters are designed for a specific value of 
purely resistive impedance ( the terminating im-
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Fig. 2-52—Basic filter sections and design formulas. In the above formulas R is in ohms, C in farads, L in henrys, and f 
in cycles per second. 
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pedance UI the filter). When such an impedance 
is connected to the output terminals of the filter, 
the impedance looking into the input terminals 
has essent laity the Sall1P value, throughout most, 
of the pass band. Simple filters do not give per-
feetly uniform performance in this respert, but, 
the input impedance Of a properly-terminated 
filter ran 110 WWII' I.:I illy Co:IS:aid, its %11.11 :LS 
ellOSVP LO the design value, over the pass band 
by using na-derived filter sections. 
A diseussion of filter design principles is beyond 

the scope of this late.,I,, but it is not difficult 
to build satisfactory filters from the circuits and 
formulas given in Fig. 2-52. Filter circuits are 
built up from elementary sections as shown in the 
figure. These sections can be used alone or, if 
greater at ( collation and sharper cut-off ( that is, a 
more rapid rate of rise of attenuation with fre-
quenry beyond tlw cut-off frequ(ncy) are re-
quired, several sections can be connected in 
series. In the low- awl high-pass filters, fe repre-
sents the cut-off frequency, the highest (for the 
low-pass) or the lowest ( for the high-pass) fre-
quency transmitted without at In the 
band-pass filter designs, fi is the low-frequency 
eut-off and ,f2 the high-frequency cut-off. The 
units for L, C, R and f are henrys, farads, ohms 
and cycles per second, respectively. 

All of the types shown are " unbalanced" (one 
side grounded). For use in balanced circuits (e.g., 
300-ohm transmission line, or push-pull audio 
circuits), the series reactances should be equally 
divided between the t wo legs. Thus the balance:I 
constant-k r-seetion low-pass filter would use two 
inductors of a value equal to Lk 2, while the 
balanced eonstant-k ir-section highliass filter 
would use two capacitors each equal to 2Ck. 

If several low- (or high-) pass sections am to 
be used, it is advisable to use m-derived end 
sections on either side of a constant-k center sec-
tion, although an m-derived renter section can be 
used. The factor nt determines the ratio of the 
cut-off frequency, fe, to a frequency of high 
attenuation, fe. Where only one nt-derived sec-
tion is used, a value of 0.6 is generally used for In, 
although a deviation of 10 or 15 per cent from 
this value is not too serious in amateur work. 
For a value of nt -= 0.6, f. will be I.25fe for the 
low-pass filter and 0.8fe for the high-pass filter. 
Other values van be found from 

m  = _ for the low-pass filter and 
fe 

ni = _ (Ley for the high-pass filter. 

The output sides of the filters shown should be 
terminated in a resistance equal to R, and there 
should be little or no reactive component in the 
termination. 

Simple audio filters can be made with pow-
dered-iron-core inductors and paper capacitors. 
Sharper cut-off characteristics will be obtained 
with more sections. The values of the com-
ponents can vary by ±5% with little or no 

reiluction in performance. The more sections 
there are to a filter the greater is the need for 
accuracy in the values of the components. High-
performance audio filters can be built with only 
two sections by winding the inductors on toroidial 
powdered-iron forms; three sections are generally 
needed for obtaining equivalent results when 
using other t ypes of inductors. 

Band-pass filters for single sideband work 
(see later chapter) are often designed to operate 
in the range 10 to 20 kc. Their attenuation re-
quirements are such that usually at least a five-
section filter is required. The coils should be as 
high-Q as possible, and mica is the most suitable 
capacitor dielectric. 

Low-pass and high-pass filters for harmonic 
suppression and receiver-overload prevention 
in the television frequencies range are usually 
made with self-supporting coils and mica or 
ceramic capacitors, depending upon the power 
reqt firemen t s. 

In any filter, there should be no magnetic or 
capacitive coupling between sections of the filter 
unless the design specifically calls for it. This 
requirement makes it necessary to shield the 
coils from each other in some applications, or to 
mount them at right angles to each other. 

• PIEZOELECTRIC CRYSTALS 
A number of crystalline substances found in 

nature have the ability to transform mechanical 
strain into an electrical charge, and tire tersa. 
This property is known as the piezoelectric effect. 
A small plate or bar cut in the proper way from a 
quartz crystal and placed between two conduct-
ing electrodes will . be mechanically strained 
when the electrodes are connected to a source of 
voltage. Conversely, if the crystal is squeezed 
between two electrodes a voltage will be devel-
oped between the electrodes. 

Piezoelectric crystals can be used to transform 
mechanical energy into electrical energy, and vice 
versa. They are used in microphones and phono-
graph pick-ups, where mechanical vil rations are 
transformed into alternating voltages of corres-
ponding frequency. They are also used in head-
sets and loudspeakers, transforming electrical 
energy into mechanical vibration. Crystals of 
Rochelle salts are used for these purposes. 

Crystal Resonators 

Crystalline plates also are mechanical resona-
tors that have natural frequencies of vibration 
ranging from a few thousand cycles to tens of 
megacycles per second. The vibration frequency 
depends on the kind of crystal, the way the plate 
is cut from the natural crystal, and on the dimen-
sions of the plate. The thing that makes the crys-
tal resonator valuable is that it has extremely 
high Q, ranging from 5 to 10 times the Qs obtain-
able with good LC resonant circuits. 

Analogies can be drawn between various me-
chanical properties of the crystal and the elec-
trical characteristics of a tuned circuit. This 
leads to an "equivalent circuit" for the crystal. 
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The electrical coupling to the crystal is through 
the holder plates between which it is sandwiched; 
these plates form, with the crystal as the dielec-
tric, a small capacitor like any other capacitor 
constructed of two plates with a dielectric be-
tween. The crystal itself is equivalent to a series-
resonant circuit, and together with the capaci-
tance of the holder forms the equivalent circuit 
shown in Fig. 2-53. At frequencies of the order of 
450 ke., where crystals are widely used as resona-
tors, the equivalent L may be several henrys and 

Fig. 2-53—Equivalent cir-
cuit of a crystal resonator. 
L, C and R are the electrical 
equivalents of mechanical 
properties of the crystal; 
Ci, is the capacitance of the 
holder plates with the crys-

tal plate between them. 

the equivalent C only a few hundredths of a 
micromicrofarad. Although the equivalent R is 
of the order of a few thousand ohms, the react-
ance at resonance is so high that the Q of the 
crystal likewise is high. 
A circuit of the type shown in Fig. 2-53 has a 

series-resonant frequency, when viewed from the 
circuit terminals indicated by the arrowheads, 
(lei ermined by L and C only. At this frequency 
the eircuit impedance is simply equal to R, pro-
v i ig the reactance of CI, is large compared with 
R (t his is generally the ease). The circuit also 
has a parallel-resonant frequency determined by 
L and the equivalent capacitance of C and CI, 
in series. Since this equivalent capacitance is 
smaller than C alone, the parallel-resonant fre-
quency is higher than the series-resonant fre-
quency. The separation between the two resonant 

REACTANCE 
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•••• 

FREQUENCY «.--
"C 0 
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Q. tu 

tzt. 
3 

RESISTANCE 

Fig. 2-54—Reactance and resistance vs. frequency of o 
circuit of the type shown in Fig. 2-53. Actual values of 
reactance, resistance and the separation between the 
series- and parallel-resonant frequencies, f 1, and f2, 

respectively, depend on the circuit constants. 

frequencies depends on the ratio of CI, to C, and 
when this ratio is large (as in the case of a crystal 
resonator, where Cs will be a few mid. in the 
average case) the two frequencies will be quite 
close together. A separation of a kilocycle or 
less at 455 ke. is typical of a quartz crystal. 

Fig. 2-54 shows how the resistance and react-
ance of such a circuit vary as the applied fre-
quency is varied. The reactance passes through 
zero at both resonant frequencies, lint I la, resist-
ance rises to a large value at parallel resonance, 
just as in any tuned circuit. 

Quartz crystals may be used either as simple 
resonators for their selective properties or as the 
frequency-controlling elements in oscillators as 
described in later chapters. The series-resonant 
frequency is the one principally used in the former 
ease, while the more common forms of oscillator 
circuit use the parallel-resonant frequency. 

Practical Circuit Details 

• COMBINED A.C. AND D.C. 

circuits are built around vacuum 
tubes, and it is the nature of these tubes to require 
direct current (usually at a fairly high voltage) 
for their operation. They convert the direct cur-
rant into an alternating current (and sometimes 
the reverse) at frequencies varying from well 
down in the audio range to well up in the super-
high range. The conversion process almost in-
variably requires that the direct and alternating 
currents meet somewhere in the circuit. 

In this meeting, the a.c. and d.c. are actually 
combined into a single current that "pulsates" 
(at the a.c. frequency) about an average value 
equal to the direct current. This is shown in Fig. 
2-55. It is convenient to consider that the alter-
nating current is superimposed on the direct 
current, so we may look upon the actual current 
as having two romponents, one d.c. and the 
other a.c. 

In an alternating current the positive and uega-
tive alternations have the sanie average ampli-

tude, so when the wave is superimposed on a 
direct current the latter is alternately increased 
and decreased by the same amount. There is thus 
no average change in the direct current. If a d.c. 
instrument is being used to read the current, the 
reading will be exactly the same whether or not 
the a.c. is superimposed. 

However, there is actually more power in such 
a combination current than there is in the direct 
current alone. This is because power varies as the 
square of the instantaneous value of the current, 
and when all the instantaneous squared values 
are averaged over a cycle the total power is 
greater than the d.c. power alone. If the a.c. is a 

Fig. 2-55—Pulsat-
ing d.c., composed 
of an alternating 
current or voltage 
superimposed on a 
steady direct cur-
rent or voltage. L 
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Series Feed Parallel Feed 

Fig. 2-56—Illustrating series and parallel feed. 

sine wave having a peak value just equal to the 
d.c., the power in the circuit is 1.5 times the d.c. 
power. An instrument whose readings are pro-
portion& to power will show such an increase. 

Series and Parallel Feed 

Fig. 2-56 shows in simplified form how d.c. and 
a.c. may be combined in a vacuum-tube circuit. 
In this case, it is assumed that the a.c. is at 
radio frequency, as suggested by the coil-and-
capacitor tuned circuit. It is also assumed that 
r.f. current can easily flow through the d.c. 
supply; that is, the impedance of the supply at 
radio frequencies is so small as ta be negligible. 

In the circuit at the left, the tube, tuned circuit, 
and d.c. supply all are connected in series. The 
direct current flows through the r.f. coil to get to 
the tube; the r.f. current generated by the tube 
flows through the d.c. supply to get to the tuned 
circuit. This is series feed. It works because the 
impedance of the d.c. supply at radio frequencies 
is so low that it does not affect the flow of r.f. cur-
rent, and because the d.c. resistance of the coil is 
so low that it does not affect the flow of direct 
current. 

In the circuit at the right the direct current 
does not flow through the r.f. tuned circuit, but 
instead goes to the tube through a second coil, 
RFC (radio-frequency choke). Direct current 
cannot flow through L because a blocking capaci-
tance, C, is placed in the circuit to prevent it. 
(Without C, the d.c. supply would be short-
circuited by the low resistance of L.) On the 
other hand, the r.f. current generated by the tube 
can easily flow through C to the tuned circuit be-
cause the capacitance of C is intentionally chosen 
to have low reactance (compared with the im-
pedance of the tuned circuit) at the radio fre-
quency. The r.f. current cannot flow through the 
d.c. supply because the inductance of RFC is in-
tentionally made so large that it has a very high 
reactance at the radio frequency. The resistance 
of RFC, however, is too low to have an appre-
ciable effect on the flow of direct current. The two 
currents are thus in parallel, hence the name 
parallel feed. 

Either type of feed may be used for both a.f. 
and r.f. circuits. In parallel feed there is no d.c. 
voltage on the a.c. circuit, a desirable feature 
from the viewpoint of safety to the operator, be-
cause the voltages applied to tubes — particu-

larly transmitting tubes — are dangerous. On the 
other hand, it is somewhat difficult to make an 
r.f. choke work well over a wide range of fre-
quencies. Series feed is often preferred, therefore, 
because it is relatively easy to keep the impedance 
between the a.c. circuit and the tube low. 

Bypassing 

In the series-feed circuit just discussed, it was 
assumed that the d.c. supply had very low im-
pedance at radio frequencies. This is not likely 
to be true in a practical power supply, partly 
because the normal physical separation between 
the supply and the r.f. circuit would make it 
necessary to use rather long connect ing wires or 
leads. At radio frequencies, even a few feet of 
wire can have fairly large reactance — too large 
to be considered a really "low-impedance" con-
nection. 
An actual circuit would be provided with a 

bypass capacitor, as shown in Fig. 2-57. Capaci-
tor C is chosen to have low reactance at the 
operating frequency, and is installed right in the 
circuit where it can be wired to the other parts 
with quite short connecting wires. Hence the r.f. 
current will tend to flow through it rather than 
through the d.c. supply. 
To be effective, the reactance of the bypass 

capacitor should not be more than one-tenth of 
the impedance of the bypassed part of the cir-
cuit. Very often the latter impedance is not 
known, in which ease it is desirable to use the 
largest capacitance in t he bypass that circum-
stances permit. To make doubly sum that r.f. 
current will not flow through a non-r.f. circuit 
such as a power supply, an r.f. choke may be 
connected in the lead to the latter, as shown in 
Fig. 2-57. 
The same type of bypassing is used when audio 

frequencies are present in addition to r.f. Because 
the react anee of a capacitor changes with fre-
quency, it is readily possible to choose a capaci-
tance that will represent a ve y low reactance at 

Fig. 2-57—Typical use 
of a bypass capacitor 
in a series-feed circuit. 

radio frequencies but that will have such high 
reactance at audio frequencies that it is practi-
cally an open circuit. A capacitance of 0.001 i.if. 
is practically a short circuit for r.f., for example, 
but is almost an open circuit at audio frequencies. 
(The actual value of capacitance that is usable 
will be modified by the impedances concerned.) 
Bypass capacitors also are used in audio circuits 
to carry the audio frequencies around a d.c. 
supply. 
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Distributed Capacitance and Inductance 

In the discussions earlier in this chapter it 
was assunaml that a capacitor has only capaci-
tance and t hat an inductor has only inductance. 
l'illOrtunately, this is not st riet ly true. There is 
always a certain amount of ¡Whirl :MCC in a con-
ductor of any length, and a capacitor is bound 
to have a little inductance in addition to its 
intended capacitance. Also, there is always ca-
pacitance between two conductors or between 
parts of the same conductor, and thus there is 
appreciable capacitance between the turns of an 
inductance coil. 

This distributed inductance in a capacitor and 
the distributed capacitance in an inductor have 
important practical effects. Actually, every ca-
pacitor is a tuned circuit, resonant at the fre-
quency where its capacitance and distributed 
inductance have the sanie re:tut:Luce. The same 
thing is true of a coil and its distributed capaci-
tance. At frequencies well below these natural 
resonances, the capacitor will act like a normal 
capacitance and the coil will act like a normal 
inductance. Near the natural resonant points, 
the coil and capacitor act like self-tuned circuits. 
Above resonance, the capacitor acts like an in-
ductor and the inductor acts like a capacitor. 
Thus there is a limit to the amount of capacitance 
that can be used at a given frequency. There is a 
similar limit to the inductance that can be used. 
At audio frequencies, capacitances measured in 
microfarads and inductances measured in henrys 
are practicable. At low and medium radio fre-
quencies, inductances of a few millihenrys and 
capacitances of a few thousand mieromiero-
farads are the largest practicable. At high radio 
frequencies, usable indocta rice values drop to 
a few microhenrys and capacitances to a few 
hundred micromicrofarads. 

Distributed capacitance and inductance are 
important not only in r.f, tuned circuits, but in 
bypassing and choking as well. It will be appre-
ciated t hat a bypass capacitor that actually 
acts like an inductance, or an r.f. choke that acts 
like a low-reactance capacitor, cannot work as it 
is intended they should. 

Grounds 

Throughout this book there are frequent refer-
ences to ground and ground potential. When a 
connection is said to be "grounded" it does not 
necessarily mean that it actually goes to earth. 
What it means is that an actual earth connection 
to that point in the circuit should not disturb 
the operation of the circuit in any way. The 
term also is used to indicate a "common" point 
in the circuit where power supplies and metallic 
supports (such as a metal chassis) are electrically 
tied together. It is general practice, for example, 
to " ground" the negative terminal of a d.e. power 
supply, and to "ground" the filament or heater 
power supplies for vacuum tubes. Since the 
cathode of a vacuum tube is a junction point 
for grid and plate voltage supplies, and since the 
various circuits connected to the tube elements 
have at least one point connected to cathode, 

these points also are " returned to ground." 
Ground is therefore a common reference point 
in the radio circuit. " Ground potential" means 
that there is no " difference of potential" — that 
is, no voltage — between the circuit point and 
the earth. 

Single-Ended and Balanced Circuits 

With reference to ground, a circuit may be 
either single-ended (unbalanced) or balanced. 
In a single-ended circuit, one side of the cir-
cuit is connected to ground. In a balanced 
circuit, the electrical midpoint is connected to 
ground, so that the circuit has two ends each 
at the same voltage "above" ground. 

Typical single-ended and balanced circuits are 
shown in Fig. 2-58. R.f. circuits are shown in 
the upper row, while iron-core transformers (such 

SINGLE-ENDED BALANCED 

SINGLE- ENDED BALANCEO OUTPUT 

Fig. 2-58—Single-ended and balanced circuits. 

as are used in power-supply and audio circuits) 
are shown in the lower row. The r.f. circuits may 
be balanced either by connecting the center of 
the coil to ground or by using a "balanced" or 
"split-stator" capacitor and connecting its rotor 
to ground. In the iron-core transformer, one or 
both windings may be tapped at the center of 
the winding to provide the ground connection. 

Shielding 

Two circuits that are physically near each 
other usually will be coupled to each other in 
some degree even though no coupling is intended. 
The metallic parts of the two circuits form a 
small capacitance through which energy can be 
transferred by means of the electric field. Also, 
the magnetic field about the coil or wiring of 
one circuit can couple that circuit to a second 
through the latter's coil and wiring. In many 
cases these unwanted couplings must be prevented 
if the circuits are to work properly. 

Capacitive coupling may readily be prevented 
by enclosing one or both of the circuits in 
grounded low-resistance metallic containers, 
called shields. The electric field from the circuit 
components does not penetrate the shield. A 
metallic plate, called a baffle shield, inserted be-
tween two components also may suffice to pre-
vent electrostatic coupling between them. It 
should be large enough to make the components 
invisible to each other. 
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Similar metallic shielding is used at radio fre-
quencies to prevent magnetic coupling. The 
shielding effect for magnetic fields increases with 
frequency and with the conductivity and thick-
ness of the shielding material. 
A closed shield is required for good magnetic 

shielding; in some cases separate shields, one 
about each coil, may be required. The baffle shield 
is rather ineffective for magnetic shielding, al-
though it will give partial shielding if placed at 
right angles to the axes of, and between, the coils 
to be shielded from each other. 

Shielding a coil reduces its inductance, because 
part of its field is canceled by the shield. Also, 
there is always a small amount of resistance in 
the shield, and there is therefore an energy loss. 

This loss raises the effective resistance of the 
coil. The decrease in inductance and increase in 
resistance lower the Q of the coil, but the reduc-
tion in inductance and Q will be small if the 
spacing between the sides of the coil and the 
shield is at least half the coil diameter, and if the 
spacing at the ends of the coil is at least equal to 
the coil diameter. The higher the conductivity of 
the shield material, the less the effect on the 
inductance and Q. Copper is the best material, 
but aluminum is quite satisfactory. 

For good magnetic shielding at audio fre-
quencies it is necessary to enclose the coil in a 
container of high-permeability iron or steel. In 
this case the shield can be quite close to the coil 
without harming its performance. 

U.H.F. Circuits 

• RESONANT LINES 
In resonant circuits as employed at the lower 

frequencies it is possible to consider each of the 
reactance components as a separate entity. The 
fact that an inductor has a certain amount of 
self-capacitance, as well as some resistance, 
while a capacitor also possesses a small self-
inductance, can usually be disregarded. 
At the very-high and ultrahigh frequencies it 

is not readily possible to separate these com-
ponents. Also, the connecting leads, which at 
lower frequencies would serve merely to join the 
capacitor and coil, now may have more induct-
ance than the coil itself. The required inductance 
coil may be no more than a single turn of wire, 
yet even this single turn may have dimensions 
comparable to a wavelength at the operating 
frequency. Thus the energy in the field surround-
ing the "coil" may in part be radiated. At a 
sufficiently high frequency the loss by radiation 
may represent a major portion of the total energy 
in the circuit. 

For these reasons it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 100 Mc. or so. 
A quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the 
other exhibits large standing waves, as described 
in the section on transmission lines. When a 
voltage of the frequency at which such a line 
is resunant is applied to the open end, the re-
sponse is very similar to that of a parallel res-
onant circuit The equivalent relationships are 
shown in Fig. 2-59. At frequencies off resonance 
the line disdlays qualities comparable with the 
inductive and capacitive reactances of a con-
ventional tuned circuit, so sections of transmis-
sion line can be used in much the same manner as 
inductors and capacitors. 
To minimize radiation loss the two conductors 

of a parallel-conductor line should not be more 
than about one-tenth wavelength apart, the 
spacing being measured between the conductor 
axes. On the other hand, the sparing should not 
be less than about twice the conductor diameter 

,45 
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Fig. 2-59—Equivalent coupling circuits for parallel-line, 
coaxial-line and conventional resonant circuits. 

because of "proximity effect," which causes 
eddy currents and an increase in loss. Above 300 
Mc. it is difficult to satisfy both these require-
ments simultaneously, and the radiation from 
an open line tends to become excessive, reducing 
the Q. In such case the coaxial type of line is to 
be preferred, since it is inherently shielded. 

Representative methods for adjusting coaxial 
lines to resonance are shown in Fig. 2-60. At the 
left, a sliding shorting disk is used to reduce the 
effective length of the line by altering the position 
of the short-circuit. In the center, the same effect 
is accomplished by using a telescoping tube in 
the end of the inner conductor to vary its length 
and thereby the effective length of the line. At 
the right, two possible methods of using parallel-
plate capacitors are illustrated. The arrange-
ment with the loading capacitor at the open 

Fig. 2-60—Methods of tuning coaxial resonant lines. 
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end of the line has the greatest tuning effect 
per unit of capacitance; the alternative method, 
which is equivalent to tapping the capacitor 
down on the line, has less effect on the Q of the 
circuit. Lines with capacitive "loading" of the 
sort illustrated will be shorter, physically, than 
unloaded lines resonant at the same frequency. 
Two methods of tuning a parallel-conductor 

lines are shown in Fig. 2-61. The sliding short-

Fig. 2-61 —Methods of tuning parallel-type resonant lines. 

circuiting strap can be tightened by means of 
screws and nuts to make good electrical con-
tact. The parallel-plate capacitor in the second 
drawing may be placed anywhere along the 
line, the tuning effect becoming less as the 
capacitor is located nearer the shorted end 
of the line. Although a low-capacitance varia-
ble capacitor of ordinary construction can be 
used, the circular-plate type shown is symmet-
rical and t bus does not unbalance the line. It 
also has the further advantage t hat no insulat-
ing material is required. 

• WAVEGUIDES 
A wav,.guide is a conducting tube through 

which energy is transmitted in the form of elec-
tromagnetic waves. The tube is not considered 
as carrying a current in the same sense that the 
wires of a two-conductor line do, but rather as 
a boundary which confines the waves to the 
enclosed space. Skin effect prevents any elec-
tromagnetic effects from being evident outside 
the guide. The energy is injected at one end, 
either through capacitive or inductive coupling 
or by radiation, and is received at the other 
end. The waveguide then merely confines the 
energy of the fields, which are propagated 
through it to the receiving end by means of 
reflections against its inner walls. 

Analysis of waveguide operation is based on 
the assumption that the guide material is a 
perfect conductor of electricity. Typical dis-
tributions of electric and magnetic fields in a 
rectangular guide are shown in Fig. 2-62. It will 
be observed that the intensity of the electric 
field is greatest (as indicated by closer spacing 
of the lines of force) at the center along the z• 
dimension, Fig. 2-62B, diminishing to zero at 
the end walls. The latter is a necessary condition, 
since the existence of any electric field parallel 
to the walls at the surface would cause an infinite 
current to flow in a perfect conductor. This repre-
sents an impossible situation. 

Modes of Propagation 

Fig. 2-62 represents a relatively simple dis-
tribution of the electric and magnetic fields. 
There is in general an infinite number of ways 
in which the fields can arrange themselves in a 
guide so long as there is no upper limit to the 
frequency to be transmitted. Each field config-
uration is called a mode. All modes may be 
separated into two general groups. One group, 
designated TM (transverse magnetic), has the 
magnetic field entirely transverse to the direc-
tion of propagation, but has a component of 
electric field in that direction. The other type, 
designated TE (transverse electric) has the elec-
tric field entirely transverse, but has a com-
ponent of magnetic field in the direction of 
propagation. TM waves are sometimes called 
E waves, and TE waves are sometimes called 
H waves, but the TM and TE designations are 
preferred. 
The particular mode of transmission is 

identified by the group letters followed by two 
subscript numerals; for example, TEr.o, 
n1/1.1, etc. The number of possible modes in-
creases with frequency for a given size of guide. 
There is only one possible mode (called the 
dominant mode) for the lowest frequency that 
can be transmitted. The dominant mode is the 
one generally used in practical work. 

Waveguide Dimensions 

In the rectangular goule the critical dimen-
sion is .r in Fig. 2-62; this dimension must bc 
more than one-half wavelength at the lowest 
frequency to be transmitted. In practice, the y 
dimension usually is made about equal to ;.t. 
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Fig. 2-62—Field distribution in a rectangular waveguide. 
The TEI,n mode of propagation is depicted 
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SQUARE PRISM 

SPHERE 

to avoid the possibility of operation at other 
than the dominant mode. 

Other cross-sectional shapes than the rec-
tangle can be used, the most important being 
the circular pipe. Much the same considera-
tions apply as in the rectangular case. 
Wavelength formulas for rectangular and 

circular guides are given in the following table, 
where x is the width of a rectangular guide and 
r is the radius of a circular guide. All figures 
are in terms of the dominant mode. 

Rectangular 
Cut-off wavelength 
Longest wavelength trans-

mitted with little atten-
uation  

Shortest wavelength before 
next mode becomes pos-
sible  1.1x 

Circular 
3.41r 

3.2e 

2.8r 

Cavity Resonators 

Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is the 
cavity resonator, which may be looked upon 
as a section of a waveguide with the dimensions 
chosen so that waves of a given length can be 
niai nt ai ned inside. 

Typical shapes used for resonators are the 
cylinder, the reet:ingular box and the sphere, 
as shown in Fig. 2-61. The resonant frequency 
depends upon the dimensions of the cavity and 
the mode of oscillation of the waves (comm.-

CYLINDEI, 

Fig. 2-63 -- Forrns of cavity resonators. 

able to the transmission modes in a waveguide). 
For the lowest modes the resonant wavelengths 
are as follows: 

('ylini ler  2.61r 
Square box  1.411 
Sphere  2.28r 

The resonant wavelengths of the cylinder 
mid square box are independent of the height 
when the height is less than a half wavelength. 
In other mode, of oscillation the height must 
be a, multiple ' if a half wavelength as measured 
inside the i•avity. A cylindrical cavity can be 
tuned by a sliding shorting disk when operating 
in such a mode. Other tuning methods include 
placing adjustable tuning paddles or " slugs" 

inside the cavity so that the standing-wave 
pattern of the electric and magnetic fields can 
be varied. 
A form of cavity resonator in practical use is 

the re-entrant cylindrical type shown in Fig. 
2-64. In construction it resembles a concentric 
line closed at both ends with capacitive loading 
at the top, but the actual mode of oscillation may 
differ considerably from that occurring in 

CROSS-SECTIONAL VIEW 

Fig. 2-64—Re-entrant cylindrical cavity resonator. 

coaxial lines. The resonant frequency of such a 
cavity depends upon the diameters of the two 
cylinders and the distance d between the ends 
of the inner and outer cylinders. 
Compared with ordinary resonant circuits, 

cavity resonators have extremely high Q. A value 
of Q of the order of 1000 or mom is readily ob-
tainable, and Q values of several thousand can 
be secured with good design and construction. 

Coupling to Waveguides and Cavity 
Resonators 

Energy may be introduced into or ab-
stracted from a waveguide or resonator by 
means of either the electric or magnetic field. 
The energy transfer frequently is through a 
coaxial line, t no met hods for coupling to which 
are shown in Fig. 2-65. The probe shown at .1 
is simply a short extension of the inner con-
ductor of the coaxial line, so oriented that it 
is parallel to the electric lines of force. The 
loop shown at B is arranged so that it encloses 
some of the magnetic lines of force. The point 
at which maximum coupling will be secured 
depends upon the particular mode of propa-
gation in the guide or cavity; the coupling 
will be maximum when the coupling device 
is in the most intense field. 

(A) (a) 
Fig. 2-65—Coupling to waveguides and resonators. 

Coupling can be varied by turning either the 
probe or loop through a 90-degree angle. 
When the probe is perpendicular to the elec-
tric lines the coupling will be minimum; simi-
larly, when the plane of the loop is parallel 
to the magnetic lines the coupling will have 
its least possible value. 
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2 — ELECTRICAL LAWS AND CIRCUITS 

Modulation, Heterodyning and Beats 

Since one of the most widespread uses of radio 
freqtiencies is the transmission of speech and 
music, it would be very convenient if the audio 
speci rims to be t ransmit test could simply be shifted 
up to sotne radio frequency, transmitted as radio 
waves, and shifted back down to the audio spec-
trum at the receiving point. Stqqatse the audio 
signal to be transmitted by radio is a pure 1000-
cycle tone, and we wish to transmit it at 1 Mc. 
(1,(X00,000 cycles). One possible way might be to 
add 1,000,000 cycles and 1,000 cycles together, 
thereby obtaining a radio frequency of 1,001,000 
cveles. No simple method for doing such a thing 
(firectly has ever been devised, although the effect 
is ob i:Lined and used in advanced eommunications 
techniqui. 

Actually, when two different frequencies are 
I ¡roso lu t s u It ancously in tut ordinary circuit 
(specifically, one in which Ohm's Law holds) each 
behaves as though the other were not there. It is 
true that the t. dal or resultant voltage (or cur-
rent) in the circuit will be the sum of the instan-
taneous values of the two at every instant. This 
is because there can be only one value of current 
or voltage at any single point in a circuit at any 
instant. Figs. 2-filiA and B show two such fre-
quencies, and C shows the resultant. The ampli-
tude of t he 1,000,000-cycle current is not affected 
by the presence of the 1000-cycle current, but 
merely has its axis shifted back and forth at the 
1000-cycle rate. An attempt to transmit such a 

as a radio wave would result simply 
in the transmission of the 1,000,000-cycle fre-
quency, since the 1000-cycle frequency retains its 
iclesutit us an audio frequency and hence will not 
be radiated. 
There are devices, however, which make it pos-

sible for one frequency to control the amplitude 
of the other. If, for example, a 1000-cycle tone 
is used to control a 1-Mc, signal, the maximum 
r.f. output w ill be obtained when the 1000-cycle 
signal is : it the peak of one alternation and the 
minimum will occur at the peak of the next 
alternation. The process is called amplitude 
modulation, and the effect is shown in Fig. 2-6611 
The resultant signal is now entirely at radio fre-
quency, but. with its amplitude varying at the 
modulation rate ( 1000 cycles). Receiving equip-
ment adjusted to receive the 1,000,000-cycle r.f. 
signal can reproduce these changes in amplitude, 
and thus tell what the audio signal is, through a 
proms', called detection or demodulation. 

It might be assumed that the only radio fre-
quency present in such a signal is the original 
1,000,000 cycles, but such is not the case. It will 
be found that two new frequencies have ap-
peared. These are the sum ( 1,000,000 1000) 
and difference ( 1,000,000 — 1000) of the two, 
and hence the radio frequencies appearing in the 
circuit after modulation are 999,000, 1,000,000 
an d 1,001,000 cycles. 
When an audio frequency is used to control 

the amplitude of a radio frequency, the process 
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Fig. 2-66— Amplitude-vs.-time and amplitude-vs.-fre-
quency plots of various signals. (A) 11/2  cycles of an audio 
signal, assumed to be 1000 c.p.s. in this example. (B) A 
radio-frequency signal, assumed to be 1 Mc. ( 1,000,000 
c.p.s.); 1500 cycles are completed during the same time 
as the 1 V2 cycles in A, so they cannot be shown accurately. 
(C) The signals of A and B in the same circuit; each main-
tains its own identity. (D) The signals of A and B in a circuit 
where the amplitude of A can control the amplitude of B. 
The 1-Mc, signal is modulated by the 1000-cycle signal. 

E, F, G, and H show amplitude-vs.-frequency plots of 
the signals in A, B, C and D, respectively. Note the new 
frequencies in H, resulting from the modulation process. 

is generally called "amplitude modulation," as 
mentioned, hut when a radio frequency modu-
lates another radio frequency it is called hetero-
dyning. However, the processes are identical. A 
general term for the sum and difference frequen-
cies generated during heterodyning or amplitude 
modulation is "beat frequencies," and a more 
specific one is upper side frequency, for the sum 
frequency, and lower side frequency for the dif-
ference frequency. 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modulat-
ing signal can just as well be a band of frequencies 
making up speech or music. In this case, the side 
frequencies are grouped into what are called the 
upper sideband and the lower sideband. In any 
case, the frequency that is modulated is called the 
carrier frequency. 
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In A, B, C and D of Fig. 2-66, the sketches are 
obtained by plotting amplitude against time. 
However, it is equally helpful to be able to visual-
ize the spectrum, or what a plot of amplitude vs. 
frequency looks like, at any given instant of time. 
E, F, G and H of Fig. 2-66 show the signals of 
Fig. 2-66A, B, C and D on an amplitude-es.-
frequency basis. Any one frequency is, of course, 
represented by a vertical line. Fig. 2-66H shows 
the side frequencies appearing as a result of the 
modulation process. 

Amplitude modulation (a.m.) is not the only 
possible type nor is it the only one in use. Any 
signal property can be modulated. These prop-
erties include frequency and phase as well as am-
plitude, and methods are available for modulating 
all three. However, in every ease the modulation 
process leads to the generation of a new set of 
radio frequencies symmetrically disposed about 
the original radio frequency (carrier frequency). 
The various types of modulation are treated in 
detail in later chapters. 
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CHAPTER 3 

Vacuum-Tube Principles 
• CURRENT IN A VACUUM 
The outstanding difference between the 

vacuum tube and most other electrical devices 
is that the electric current does not flow through 
a conductor but through empty space — a 
vacuum. This is only possible when "free" 
electrons — that is, electrons that are not at-
tached to atoms — are somehow introduced 
into the vacuum. Free electrons in an evac-
uated space will be attracted to a positively 
charged object within the same space, or will 
lie repelled by a negatively charged object. 
The movement of the electrons under the at-
traction or repulsion of such charged objects 
constitutes the current in the vacuum. 
The most practical way to introduce a suffi-

ciently large number of electrons into the 
evacuated space is by thermionic emission. 

Thermionic Emission 

If a thin wire or filament is heated to in-
candescence in a vacuum, electrons near the 
surface are given enough energy of motion to 
fly off into the surrounding space. The higher 
the temperature, the greater the number of 
electrons emitted. A more general name for the 
filament is cathode. 

If the cathode is the only thing in the vacuum, 
most of the emitted electrons stay in its mime-
diste vicinity, forming a "cloud" about the 
cathode. The reason for this is that the elec-
trons in the space, being negative electricity, 
form a negative charge (space charge) in the 
region of the cathode. The space charge repels 

Representative tube types. Transmitting tubes having up 
to 500-watt capability are shown in the back row. The 
tube with the top cap in the middle row is a low-power 
transmitting type. Others are receiving tubes, with the 
exception of the one in the center foreground which is a 

v.h.f. transmitting type. 

those electrons nearest the cathode, tending to 
make them fall back on it. 
Now suppose a second conductor is intro-

duced into the vacuum, but not connected to 
anything else inside the tube. If this second 
conductor is given a positive charge by con-
necting a source of e.m.f. between it and the 

POSITIVE 
PLATE 

MOT 
CATHODE 

Fig. 34 —Conduction by thermionic emission in a vacuum 
tube. The A battery is used to heat the filament to a tem-
perature that will cause it to emit electrons. The B 
battery makes the plate positive with respect to the fila-
ment, thereby causing the emitted electrons to be attracted 
to the plate. Electrons captured by the plate flow back 

through the B battery to the filament. 

cathode, as indicated in Fig. 3-1, electrons emitted 
by the cathode are attracted to the positively 
charged conductor. An electric current then 
flows through the circuit formed by the cathode, 
the charged conductor, and the source of e.m.f. 
In Fig. 3-1 this e.m.f. is supplied by a battery 
("B" battery); a second battery ("A" battery) 
is also indicated for heating the cathode or 
filament to the proper operating temperature. 
The positively charged conductor is usually 

a metal plate or cylinder (surrounding the 
cathode) and is called an anode or plate. Like 
the other working parts of a tube, it is a tube 
element or electrode. The tube shown in Fig. 
3-1 is a two-element or two-electrode tube, 
one element being the cathode or filament and 
the other the anode or plate. 

Since electrons are negative electricity, they 
will be attracted to the plate only when the 
plate is positive with respect to the cathode. 
If the plate is given a negative charge, the 
electrons will be repelled back to the cathode 
and no current will flow. The vacuum tube 
therefore can conduct only in one direction. 

Cathodes 

Before electron emission can occur, the 
cathode must be heated to a high temperature. 
However, it is not essential that the heating cur-
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Rectification 

(A) (B) (C) (D) (E) 

Fig. 3-2—Types of cathode construction. Directly heated cathodes 
or filaments are shown at A, B, and C. The inverted V filament is 
used in small receiving tubes, the M in both receiving and trans-
mitting tubes. The spiral filament is a transmitting-tube type. The 
indirectly-heated cathodes at D and E show two types of heater 
construction, one a twisted loop and the other bunched heater 
wires. Both types tend to cancel the magnetic fields set up by the 

current through the heater. 

rent flow through the actual material that does 
the emitting; the filament or heater can be 
electrically separate from the emitting cathode. 
Such a cathode is called indirectly heated, while 
an emitting filament is called directly heated. 
Fig. 3-2 shows both types in the forms in which 
they are commonly used. 
Much greater electron emission can be ob-

tained, at relatively low temperatures, by using 
special cathode materials rather than pure metals. 
One of these is thoriated tungsten, or tungsten 
in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated cath-
ode, a cathode in which rare-earth oxides 
form a coating over a metal base. 

Although the oxide-coated cathode has much 
the highest efficiency, it can be used successfully 
only in tubes that operate at rather low plate 
voltages. Its use is therefore confined to receiv-
ing-type tubes and to the smaller varieties of 
transmitting tubes. The thoriated filament, on 
the other hand, will operate well in high-voltage 
tubes. 

Plate Current 

If them is only a small positive voltage on the 
plate, the number of electrons reaching it will 
be small because the space charge (which is 
negative) prevents those electrons nearest the 
cathode from being attracted to the plate. As 
the plate voltage is increased, the effect of the 
space charge is increasingly overcome and the 
number of electrons attracted to the plate be-
comes larger. That is, the plate current increases 
with increasing plate voltage. 

Fig. 3-3 shows a typical plot of plate 
current vs. plate voltage for a two-ele-
ment tube or diode. A curve of this type 
can be obtained with the circuit shown, 
if the plate voltage is increased in small 
steps and a current reading taken (by 
means of the current-indicating instru-
ment — a milliammeter) at each volt-
age. The plate current is zero with no 
plate voltage and the curve rises until a 
saturation point is reached. This is where 
the positive charge on the plate has sub-
stantially overcome the space charge and 

almost all the electrons are going to the 
plate. At higher voltages the plate current 
stays at practically the same value. 
The plate voltage multiplied by the 

plate current is the power input to the tube. 
In a circuit like that of Fig. 3-3 this power 
is all used in heating the plate. If the power 
input is large, the plate temperature may 
rise to a very high value ( the plate may 
become red or even white hot). The heat 
developed in the plate is radiated to the 
bulb of the tube, and in turn radiated by 
the bulb to the surrounding air. 

• RECTIFICATION 
Since current can flow through a tube in 

only one direction, a diode can be used to 
change alternating current into direct current. It 
does this by permitting current to flow when the 
plate is positive with respect to the cathode, 
but by shutting off current flow when the plate 
is negative. 

Fig. 3-4 shows a representative circuit. Al-
ternating voltage from the secondary of the 
transformer, 7', is applied to the diode tube in 
series with a load resistor, R. The voltage 
varies as is usual with a.c., but current flows 
through the tube and R only when the plate 
is positive with respect to the cathode — that 
is, during the half-cycle when the upper end of 
the transformer winding is positive. During the 
negative half-cycle there is simply a gap in the 
current flow. This rectified alternating current 
therefore is an intermittent direct current. 
The load resistor, II, represents the actual 

circuit in which the rectified alternating current 
does work. All tubes work with a load of one 
type or another; in this respect a tube is much 
like a generator or transformer. A circuit that 
did not provide a load for the tube would be 
like a short-circuit across a transformer; no 
useful purpose would be accomplished and the 
only result would be the generation of heat 
in the transformer. So it is with vacuum tubes; 
they must cause power to be developed in a load 
in order to serve a useful purpose. Also, to be effi-
cient most of the power must do useful work in the 
load and not be used in heating the plate of the 
tube. This means that most of the voltage should 
appear as a drop across the load rather than as a 
drop between the plate and cathode. 

\Saturation 
Point 

Increase 
Plate Voltage 

Fig. 3-3—The diode, or two-element tube, and a typical curve 
showing how the plate current depends upon the voltage applied 

to the plate. 
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With the diode connected 
as shown in Fig. 3-4, the 
polarity of the voltage drop 
across the load is such that 
the end of the load nearest the 
cathode is positive. If the 
connections to the diode ele-
ments are reversed, the direc-
tion of rectified current flow 
also will be reversed through 
the load. 

• TRIODES 
Grid Control 

If a t element — called the control grid, 
or simply grid — is inserted between the cath-
ode and plate as in Fig. 3-5, it can be used to 
control the effect of the space charge. If the 
grid is given a positive voltage with respect to 
the cathode, the positive charge will tend to 
neutralize the negative space charge. The 

Fig. 3-4--Rectification in a diode. 
Current flows only when the plate is 
positive with respect to the cathode, 
so that only half- cycles of current 
flow through the load resistor, R. 

Cur rent 

Vacuum-Tube Amplifiers 

Fig. 3-5—Construction of 
an elementary triode vac-
uum tube, showing the fil-
ament, grid (with an end 
view of the grid wires) and 
plate. The relative density 
of the space charge is in-
dicated roughly by the dot 

density. 

result is that, at any selected plate voltage, 
more electrons will flow to the plate than if the 
grid were not present. On the other hand, if 
the grid is made negative with respect to the 
cathode the negative charge on the grid will 
add to the space charge. This will reduce the 
number of electrons that can reach the plate 
at any selected plate voltage. 
The grid is inserted in the tube to control 

the st)ace charge and not to attract 
elect mils to itself, so it is made in the 
form of a wire mesh or spiral. Elec-
trons then can go through the open 
spaces in the grid to reach the plate. 

Characteristic Curves 

For any particular tube, the effect 
of the grid voltage on the plate cur-
rent can be shown by a set of char-
acteristic curves. A typical set of 
curves is shown in Fig. 3-6, together 
with the circuit that is used for get-
ting them. For each value of I dut e 
voltage, there is a value of negative 
grid voltage that will reduce the 
plate current to zero; that is, there is 

n n 

a value of negative grid voltage that will cut off 
the plate current. 
The curves mild be extended by making the 

grid voltage positive as well as negative. When 
the grid is negative, it repels electrons and there-
fore none of them reaches it; in other words, no 
current flows in the grid circuit. However, when 
the grid is positive, it attracts electrons and a 
current (grid current) flows, just as current flows 
to the positive plate. Whenever there is grid 
current there is an accompanying power loss in 
the grid circuit, but so long as the grid is negative 
no power is used. 

It is obvious that the grid can act as a valve 
to control the flow of plate current. Actually, 
the grid has a much greater effect on plate 
current flow than does the plate voltage. A 
small change in grid voltage is just as effective 
in bringing about a given change in plate current 
as is a large change in plate voltage. 
The fact that a small voltage acting on the 

grid is equivalent to a large voltage acting on 
the plate indicates the possibility of amplifica-
tion with the triode tube. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified output 
is not obtained from the tube itself, but from the 
source of e.m.f. cotmected bet \\ t 591 its plate and 
cathode. The tube simply eont rols t lip power from 
this source, changing it to the desired form. 
To utilize the controlled power, a liad must 

be connected in the plate or "output" circuit, 
just as in the diode case. The load may be 

-25 20 -i5 -uo 
Gr.d Voltage 

Fig. 3-6--Grid-voltage-vs.-plate-current curves at various fixed values 
of plate voltage (Eh) for a typical small triode. Characteristic curves of 
this type can be taken by varying the battery voltages in the circuit 

at the right. 
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either a resistance or an impedance. The term 
"impedance" is frequently used even when 
the load is purely resistive. 

Tube Characteristics 

The physival iq instruction of a triode deter-
mines thi) relative effertiveness of the grid 
and plate in controlling the plate current. If a 
very small change in the grid vtilt age has just 
as nitteh effect on the plate curmnt 1LS a very 
lat.ge ( liai ge in plate voltage, the tube is said 
to have a high amplification factor. Amplifica-
tion factor is conunonly designated by the 
Greek letter 12. An amplification factor of 20, 
for example, means that if the grid voltage is 
changed by 1 volt, t he effect on the plate cur-
rent will be the same as when the plate voltage 
is changed by 20 volts. The amplification factors 
of triode tubes range from 3 to 100 or so. A high-g 
tul fe is one m it h an amplification factor uf per-
imps 30 or more: medium-a tubes have ampli-
f i()))t hat factors iii tile approximate range 8 to 30, 
and low-a tubes in the range below 7 or 8. 

It uould be natural to think that a tube 
t hat has a large p would be the best amplifier, 
but to obtain a high 1.1 it is necessary to construct 
the grid with many tune: of wire per inch, or in 
the form of a fine mesh. This leaves a relatively 
small open area for electrons to go through to 
reach the plate, so it is difficult for the plate to 
attract large munbers of electrons. Quite a large 
change in the plate voltage must be made to 
effect a given change it) plate current. This 
means that the resistance of the plate-cathode 
path — that is, the plate resistance — of the 
tube is high. Since this resistance acts in series 
ith the load, the amount of current that can 

be made to flow through the load is relatively 
small. On the other hand, the plate resistance 
of a huv-µ tube is relatively low. 
The 1)est all-around indication of the effective-

ness of the tube : is an amplifier is its grid-plate 
transconductance — also called mutual conduct-
ance. This eharacteristie takes aecount of both 
amplification factor and plate resistance, and 
therefore is a figure of merit for the tube. Trans-
vond)tetance is the change in plate eurrent divided 
1)y t he change in grid voltage that causes the plate-
()fluent ()flange (the plate voltage being fixed at 
a ( h)sired value). Sine(' current divided by voltage 
is e‘aiductanee, transeonductance is measured in 
the unit of conductance, the mho. Practical 
values of transconduetance are very small, so 
the mieromho tone-millionth of a mho) is the 
commonly-used unit. Different types of tubes 
have transconduetances ranging from a few 
hundred to several thousand. The higher the 
transconduetance the greater the possible am-
plification. 

e AMPLIFICATION 

The way in which a tube amplifies is best 
shown by a type of graph called the dynamic 
characteristic. Such a graph, together with the 

circuit used for obtaining it, is shown in Fig. 3-7. 
The curves are taken with the plate-supply 
voltage fixed at the desired operating value. The 
difference between this circuit and the one shown 
in Fig. 3-6 is that in Fig. 3-7 a load resistamte 
14 /111leeted ill series With the plat.( Of the tube. 
Fig. :1-7 thus › 1»urs how the plate current will 
vary, with ditter ,•nt grid voltages, %Olen the plate 
current is ma dc t I flow through a load and thus 
do useful work. 

) 

-25 

Ed3o0v. 

Grid Voltage 

Fig. 3-7—Dynamic characteristics of a small triode with 
various load resistances from 5000 to 100,000 ohms. 

The several curves in Fig. 3-7 are for various 
values of load resistance. When the resistance is 
small (as in the case of the 5000-ohm load) the 
plate current changes rather rapidly with a 
given change in grid voltage. If the load resistance 
is high (as in the I00,000-ohm curve), the change 
in plate current for the same grid-voltage change 
is relatively small; also, the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve, but with 
the circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and 
the grid battery ("C" battery). The voltage of 
the grid battery is fixed at —5 volts, and from 
the curve it is seen that the plate current at this 
grid voltage is 2 millilloperes. This current flows 
when the load resistance is 50,000 ohms, as 
indicated in the circuit diagram. If them is no 
a.e, signal in the grid circuit, the voltage drop in 
the load resistor is 50,000 X 0.002 = 100 volts, 
leaving 200 volts between the plate and cathode. 
When a sine-wave signal having a peak value of 

2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage at 
the grid will swing to —:i volts at the instant the 
signal teaches its positive peak, and to —7 volts 
at the instant the signal reaches its negative 
peak. The maximum plate current will occur at 
the instant the grid voltage is —3 volts. As shown 
by the graph, it will have a value of 2.65 milli-
amperes. The minimum plate current occurs at 
the instant the grid voltage is —7 volts, and has 
a value of 1.35 ma. At intermediate values of 
grid voltage, intermediate plate-current values 
will occur. 
The instantaneous voltage between the plate 
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- 5 - en 
Grid Voltage 

.Signal Volt age 

Fig. 3-8—Amplifier operation. When the plate current 
varies n response to the signal applied to the grid, a 
varying voltage drop appears across the load, lip, as 
shown by the dashed curve, Er. ip is the plate current. 

and cathode of the tube also is shown on the 
graph. When the plate current is maximum, 
the instantaneous voltage drop in R, is 50,000 
X 0.00265 = 132.5 volts; when the plate cur-
rent is minimum the instantaneous voltage 
drop in Hi, is 50,000 X 0.00135 = 67.5 volts. 
The actual voltage between plate and cathode 
is the difference between the plate-supply po-
tential, 300 volts, and the voltage drop in the 
load resistance. The plate-to-cathode voltage 
is therefore 167.5 volts at maximum plate current 
and 232.5 volts at minimum plate current. 

This varying plate voltage is an a.c. voltage 
superimposed on the steady plate-cathode poten-
tial of 200 volts (as previously determined for 
no-signal conditions). The peak value of this a.c. 
output voltage is the difference between either 
the maximum or minimum plate-cathode voltage 
and the no-signal value of 200 volts. In the illus-
tration this difference is 232.5 — 200 or 200 — 
167.5; that is, 32.5 volts in either case. Since the 
wid signal voltage has a peak value of 2 volts, the 
voltage-amplification ratio of the amplifier is 
:32.5/2 or 16.25. That is, approximately 16 times 
as much voltage is obtained from the plate circuit 
as is applied to the grid circuit. 
As shown by the drawings in Fig. 3-8, the 

alternating component of the plate voltage 
swings in the negative direction (with reference to 
the no-signal value of plate-cathode voltage) 
when the grid voltage swings in the positive 
direction, and vice versa. This means that the 
alternating component of plate voltage (that is, 
the amplified signal) is 180 degrees out of phase 
with the signal voltage on the grid. 

Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
One object of the type of amplification shown in 
this drawing is to obtain, from the plate circuit, 
an alternating voltage that has the same wave-
shape as the signal voltage applied to the grid. 
'fo do so, an operating point on the straight part 
of the curve must be selected. The curve must be 
straight in both directions from the operating 
point at least far enough to accommodate the 
maximum value of the signal applied to the grid. 
If the grid signal swings the plate current back 
and forth over a part of the curve that is not 
straight, as in Fig. 3-9, the shape of the it.c. 
wave in the plate circuit will not be the same as 
the shape of the grid-signal wave. In such a case 
the output wave shape m ill be distorted. 
A second reason for using negative grid bias is 

that any signal whose peak positive voltage does 
not exceed the fixed negative volt age on the grid 
cannot cause grid current to flow. With no cur-
rent flow there is no power consumption, so the 
tube will amplify without taking any power front 
the signal source. ( However, if the positive peak 
of the signal does exceed the negative bias, cur-
rent will flow in the grid circuit during the time 
the grid is positive.) 

Distortion of the output wave shape that 
results from working over a part of the curve that 
is not straight (that is, a nonlinear part of the 
curve) has the effect of transforming a sine-wave 
grid signal into a more complex waveform. As 
explained in an earlier chapter, a complex wave 
can be resolved into a fundamental and a series 
of harmonics. In other words, distortion from 
nonlinearity causes the generation of harmonic 
frequencies — frequencies that are not present 
in the signal applied to the grid. Harmonic dis-
tortion is undesirable in most ampl fiers, although 
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Fig. 3-9—Harmonic distortion resulting from choice of an 
operating point on the curved part of the tube character-
istic. The lower half-cycle of plate current does not have 

the same shape as the upper half-cycle. 
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there are occasions when harmonics are deliber-
ately generated and used. 

Amplifier Output Circuits 

The useful output of a vacuum-tube amplifier 
is the alternating component of plate current or 
plate voltage. The d.c. voltage on the plate of the 
tube is essential for the tube's operation, but it 
almost invariably would cause difficulties if it 
were applied, along with the a.c. output voltage, 
to the load. The output circuits of vacuum tubes 
are therefore arranged so that the a.c. is trans-
ferred to the load but the d.c. is not. 

Three types of coupling are in common use at 
audio frequencies. These are resistance coupling, 
impedance coupling, and transformer coupling. 
They are shown in Fig. 3-10. In all three cases 
the output is shown coupled to the grid circuit of 
a subsequent amplifier tube, but the same types 
of circuits can be used to couple to other devices 
than tubes. 

In the resistance-coupled circuit, the a.c. volt-
age developed across the plate resistor Rp (that is, 
the a.c. voltage between the plate and cathode of 
the tube) is applied to a second resistor, R„, 
through a coupling capacitor, G. The capacitor 
"blocks off" the d.c. voltage on the plate of the 
first tube and prevents it from being applied to 
the grid of tube B. The latter tube has negative 
grid bias supplied by the battery shown. No cur-
rent flows in the grid circuit of tube B and there 
is therefore no d.c. voltage drop in R.; in other 
words, the full voltage of the bias battery is 
applied to the grid of tube B. 
The grid resistor, R., usually has a rather high 

value (0.5 to 2 megohms). The reactance of the 
coupling capacitor, C., must be low enough 
compared with the resistance of R« so that the 
a.c. voltage drop in C,, is negligible at the lowest 
frequency to be amplified. If R« is at least 0.5 
megohm, a 0.1-mf, capacitor will be amply large 
for the usual range of audio frequencies. 
So far as the alternating component of plate 

voltage is concerned, it will be realized that if the 
voltage drop in C,, is negligible then RI, and R. 
are effectively in parallel (although they are 
quite separate so far as d.c. is concerned). The 
resultant parallel resistance of the two is there-
fore the actual load resistance for the tube. That 
is why R. is made as high in resistance as possi-
ble; then it will have the least effect on the load 
represented by Rp. 
The impedance-coupled circuit differs from 

that using resistance coupling only in the sub-
stitution of a high-inductance coil (usually sev-
eral hundred henrys for audio frequencies) for the 
plate resistor. The advantage of using an in-
ductance rather than a resistor is that its im-
pedance is high for alternating currents, but its 
resistance is relatively low for d.c. It thus permits 
obtaining a high value of load impedance for a.c. 
without an excessive d.c. voltage drop that 
would use up a good deal of the voltage from the 
plate supply. 
The transformer-coupled amplifier uses a trans-

former with its primary connected in the plate 
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Fig. 3- 10—Three basic forms of coupling befwcn 
vacuum-tube amplifiers. 

circuit of the tube and its secondary connected 
to the load (in the circuit shown, a following 
amplifier). There is no direct connection between 
the two windings, so the plate voltage on tube A 
is isolated from the grid of tube B. The trans-
former-coupled amplifier has the same advantage 
as the impedance-coupled circuit with respect to 
loss of d.c. voltage from the plate supply. Also, 
if the secondary has more turns than the primary, 
the output voltage will be "stepped up" in pro-
portion to the turns ratio. 

Resistance coupling is simple, inexpensive, and 
will give the same amount of amplification — or 
voltage gain — over a wide range of frequencies; 
it will give substantially the same amplification 
at any frequency in the audio range, for example. 
Impedance coupling will give somewhat more 
gain, with the same tube and same plate-supply 
voltage, than resistance coupling. However, it is 
not quite so good over a wide frequency range; 
it tends to "peak," or give maximum gain, over 
a comparatively narrow band of frequencies. 
With a good transformer the gain of a trans-
former-coupled amplifier can be kept fairly 
constant over the audio-frequency range. On the 
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other hand, transformer coupling in voltage 
amplifiers (see below) is best suited to triodes 
having amplification factors of about 20 or less, 
for the reason that the primary inductance of a 
practicable transformer cannot be made large 
enough to work well with a tube having high 
plate resistance. 
An amplifier in which voltage gain is the pri-

mary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
resistance or impedance is made as high as pos-
sible in comparison with the plate resistance of 
the tube. In such a case, the major portion of the 
voltage generated will appear across the load and 
only a relatively small part will be "lost" in the 
plate resistance. 

Voltage amplifiers belong to a group called 
Class A amplifiers. A Class A amplifier is one 
operated so that the wave shape of the output 
voltage is the same as that of the signal voltage 
applied to the grid. If a Class A amplifier is 
biased so that the grid is always negative, even 
with the largest signal to be handled by the grid, 
it is called a Class A1 amplifier. Voltage ampli-
fiers are always Class As amplifiers, and their 
primary use is in driving a following Class As 
amplifier. 

Power Amplifiers 

The end result of any amplification is that the 
amplified signal does some work. For example, an 
audio-frequency amplifier usually drives a loud-
speaker that in turn produces sound waves. The 
greater the amount of a.f. power supplied to the 
speaker, the louder the sound it will produce. 

Fig. 3-1 1 —An elementary power-amplifier circuit in which 
the power-consuming load is coupled to the plate circuit 

through an impedance-matching transformer. 

Fig. 3-11 shows an elementary power-amplifier 
circuit. It is simply a transformer-coupled ampli-
fier with the load connected to the secondary. 
Although the load is shown as a resistor, it 
actually would be some device, such as a loud-
speaker, that employs the power usefully. Every 
power tube requires a specific value of load 
resistance from plate to cathode, usually some 
thousands of ohms, for optimum operation. The 
resistance of the actual load is rarely the right 
value for "matching" this optimum load re-
sistance, so the transformer turns ratio is chosen 
to reflect the proper value of resistance into the 
primary. The turns ratio may be either step-up 
or step-down, depending on whether the actual 
load resistance is higher or lower than the load 
the tube wants. 

The power-amplification ratio of an ampli-
fier is the ratio of the power output obtained 
from the plate circuit to the power required 
from the a.c. signal in the grid circuit. There is 
no power lost in the grid circuit of a Class Al 
amplifier, so such an amplifier has an infinitely 
large, power-amplification ratio. However, it is 
quite possible to operate a Class A amplifier 
in such a way that current flows in its grid 
circuit during at least part of the cycle. In such 
a case power is used up in the grid circuit and 
the power amplification ratio is not infinite. 
A tube operated in this fashion is known as a 
Class A2 amplifier. It is necessary to use a power 
amplifier to drive a Class A2 amplifier, because a 
voltage amplifier cannot deliver power without 
serious distortion of the wave shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the case of a 
Class At amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. 
If grid current flows, the term usually means 
the ratio of plate power output to grid power 
input. 
The a.c. power that is delivered to a load by 

an amplifier tube has to be paid for in power 
taken from the source of plate voltage and 
current. In fact, there is always more power 
going into the plate circuit of the tube than is 
coming out as useful output. The difference 
between the input and output power is used up 
in heating the plate of the tube, as explained 
previously. The ratio of useful power output 
to d.c. plate input is called the plate efficiency. 
The higher the plate efficiency, the greater the 
amount of power that can be taken from a tube 
having a given plate-dissipation rating. 

Parallel and Push-Pull 

When it is neces›:try to obtain more power 
output than one tube is capable of giving, two 
or more similar tubes may be connected in 
parallel. In this case the similar elements in all 
tubes are connected together. This method is 
shown in Fig. 3-12 for a transformer-coupled 
amplifier. The power output is in proportion 
to the number of tubes used; the grid signal 
or exciting voltage required, however, is the 
same as for one tube. 

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 
An increase in power output also can be 

secured by connecting two tubes in push-pull. 
In this case the grids and plates of the two 
tubes are connected to opposite ends of a balanced 
circuit as shown in Fig. 3-12. At any instant the 
ends of the secondary winding of the input 
transformer, 7'1, will be at opposite polarity 
with respect to the cathode connection, so the 
grid of one tube is swung positive at the same 
instant that the grid of the other is swung 
negative. Hence, in any push-pull-connected 
amplifier the voltages and currents of one tube 
are out of phase with those of the other tube. 
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PARALLEL 

PUSH-PULL 

Fig. 3- 12— Parallel and push-pull a.f. amplifier circuits. 

In push-pull operation the even-harmonic 
(second, fourth, etc.) distortion is balanced out 
in the plate circuit. This means that for the 
same power output the distortion will be less 
than with parallel operation. 
The exciting voltage measured between the 

two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull amplifier is twice that 
taken by either tube alone. 

Cascade Amplifiers 

It is readily possible to take the output of one 
amplifier and apply it as a signal on the grid of 
a second amplifier, then take the second ampli-
fier's output and apply it to a third, and so on. 
Each amplifier is called a stage, and stages used 
successively are said to be in cascade. 

Class B Amplifiers 

Fig. 3-13 shows two tubes connected in a 
push-pull circuit. If the grid bias is set at the 
point where (when no signal is applied) the 
plate current is just cut off, then a signal can 
cause plate current to flow in either tube only 
when the signal voltage applied to that particular 
tube is positive with respect to the cathode. Since 
in the balanced grid circuit the signal voltages on 
the grids of the two tubes always have opposite 
polarities, plate current flows only in one tube at 
a time. 

The graphs show the operation of such an 
amplifier. The plate current of tube B is drawn 
inverted to show that it flows in the opposite 
direction, through the primary of the output 
transformer, to the plate current of tube A. 
Thus each half of the output-transformer pri-
mary works alternately to induce a half-cycle 
of voltage in the secondary. In the secondary 
of 7'2, the original waveform is restored. This 
type of operation is called Class B amplification. 
The Class B amplifier has considerably higher 

plate efficiency than the Class A amplifier. Fur-

thermore, the d.c. plate current of a Class B am-
plifier is proportional to the signal voltage on 
the grids, so the power input is small with small 
signals. The d.c. plate power input to a Class A 
amplifier is the same whether the signal is large, 
small, or absent altogether; therefore the maxi-
mum d.c. plate input that can be applied to a 
Class A amplifier is equal to the rated plate dissi-
pation of the tube or I ttl Two t tilws in a Class 
B amplifier can deliver approximately twelve 
times as much audio power as the same two tubes 
in a Class A amplifier. 
A Class B amplifier usually is operated in 

such a way as to secure the maximum possible 
power output. This requires rather large values 
of plate current, and to obtain them the signal 
voltage must completely overcome the grid bias 
during at least part of the cycle, so grid cur-
rent flows and the grid circuit consumes power. 
While the power requirements are fairly low 
(as compared with the power output), the fact 
that the grids are positive during only part of 
the cycle means that the load on the preceding 
amplifier or driver stage varies in magnitude 
during the cycle; the effective load resistance is 
high when the grids are not drawing current and 
relatively low when they do take current. This 
must be allowed for when designing the driver. 

Certain types of tubes have been designed 
specifically for Class It service and can be 
operated without fixed or other form of grid 
bias (zero-bias tubes). The amplification factor 
is so high that the plate current is small without 
signal. Because there is no fixed bias, the grids 
start drawing current immediately whenever a 
signal is applied, so the grid-current flow is 
continuous throughout the cycle. This makes the 
load on the driver much more constant than is 
the case with tubes of lower a biased to plate-
current cut-off. 

Class B amplifiers used at radio frequencies 
are known as linear amplifiers because they are 
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Fig. 3- 13—Class B amplifier operation. 
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adjusted to operate in such a way that the power therefore cannot be used if distortionless output 
output is proportional to the square of the r.f. is wanted. 
exciting voltage. This permits amplification of 

a modulated r.f. signal without distortion. Push- 
Class C Amplifiers 

pull is not required in this type of operation; a In power amplifiers operating at radio fre-
single tube can be used equally well. quencies distortion of the r.f. wave form is mla-

tively unimportant. For reasons described later 
Class AB Amplifiers in this chapter, an r.f. amplifier must be operated 

A Class AB amplifier is a push-pull amplifier with tuned circuits, and the selectivity of such 
with higher bias than would be normal for pure circuits " filters out" the r.f. harmonics resulting 

Class A operation, but less than the cut-off from distortion. 
bias required for Class B. At low signal levels A radio-frequency power amplifier therefore 
the tubes operate practically as Class A am- can be used with an operating angle of less than 
plifiers, and the plate current is the same with or 180 degrees. This is called Class C operation. The 
without signal. At higher signal levels, the plate advantage is that the plate efficiency is in-
current of one tube is cut off during part of the creased, because the loss in the plate is propor-
negative cycle of the signal applied to its grid, thing among other things, to the amount of 
and the plate current of the other tube rises m it h time during which the plate current flows, and this 
the signal. The plate current for the whole time is reduced by decreasing the operating angle. 
amplifier also rises above the no-signal level Depending on the type of tube, the optimum 
when a large signal is applied, load resistance for a Class C amplifier ranges 

In a properly designed Class AB amplifier from about 1500 to 5000 ohms. It is usually 
the distortion is as low as with a Class A stage, secured by using tuned-circuit arrangements, of 
but the efficiency and power output are con- the type described in the chapter on circuit 
siderably higher than with pure Class A opera- fundamentals, to transform the resistance of the 
tion. A Class AB amplifier can be operated actual load to the value required by the tube. 
either with or without driving the grids into The grid is driven well into the positive region, 
the positive region. A Class AB 1 amplifier is so that grid current flows and power is consumed 
one in which the grids are never positive with in the grid circuit. The smaller the operating 
respect to the cathode; therefore, no driving angle, the greater the driving voltage and the 
power is required — only voltage. A Class AB2 larger the grid driving power required to develop 
amplifier is one that has grid-current flow during full output in the load resistance. The best corn-
part of the cycle if the applied signal is large; promise between driving power, plate efficiency, 
it takes a small amount of driving power. The and power output usually results when the 
Class A132 amplifier will deliver somewhat more minimum plate voltage (at the peak of the driv-
power (using the same tubes) but the Class A131 ing cycle, when the plate current reaches its high-
amplifier avoids the problem of designing a driver est value) is just equal to the peak positive grid 
that will deliver power, without distortion, into voltage. Under these conditions the operating 
a load of highly variable resistance. angle is usually between 150 and 180 degrees and 

the plate efficiency lies in the range of 70 to 80 
Operating Angle percent. While higher plate efficiencies are pos-

Inspection of Fig. 3-13 shows that either of sible, attaining them requires excessive driving 
the two tubes actually is working for only half power and grid bias, together with higher plate 
the a.c. cycle and idling during the other half, voltage than is "normal" for the particular tube 

It is convenient to describe the amount of time type. 
during which plate current flows in terms of With proper design and adjustment, a Class C 
electrical degrees. In Fig. 3-13 each tube has amplifier can be made to operate in such a way 
"180-degree" excitation, a half-cycle being equal that the power input and output are proportional 
to 180 degrees. The number of degrees during to the square of the applied plate voltage. This is 
which plate current flows is called the operating an important consideration when the amplifier is 
angle of the amplifier. From the descriptions to .be plate-modulated for radiotelephony, as 
given above, it should be clear that a Class A described in the chapter on amplitude modula-

amPlifier has 360-degree excitation, because plate tion. 
current flows during the whole cycle. In a Class AK up 
AB amplifier the operating angle is between 180 FEEDBACK 
and 360 degrees (in each tube) depending on the It is possible to take a part of the amplified 
particular operating conditions chosen. The energy in the plate circuit of an amplifier and 
greater the amount of negative grid bias, the insert it into the grid circuit. When this is done 
smaller the operating angle becomes. the amplifier is said to have feedback. 
An operating angle of less than 180 degrees If the voltage that is inserted in the grid cit.-

leads to a considerable amount of distortion, cuit is 180 degrees out of phase with the signal 
because there is no way for the tube to reproduce voltage acting on the grid, the feedback is called 
even a half-cycle of the signal on its grid. Using negative, or degenerative. On the other hand, if 
two tubes in push-pull, as in Fig. 3-13, would the voltage is fed back in phase with the grid 
merely put together two distorted half-cycles, signal, the feedback is called positive, or re-
An operating angle of less than 180 degrees generative. 
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Feedback 

Negative Feedback 

With negative feedback the voltage that is fed 
back opposes the signal voltage. This decreases 
the amplitude of the voltage acting between the 
grid and cathode and thus has the effect of reduc-
ing the voltage amplification. That is, a larger 
exciting voltage is required for obtaining the 
same output voltage from the plate circuit. 
The greater the amount of negative feedback 

(when properly applied) the more independent 
the amplification becomes of tube characteristics 
and circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
flat — that is, the amplification tends to be the 
same at all frequencies within the range for 
which the amplifier is designed. Also, any distor-
tion generated in the plate circuit of the tube 
tends to "buck itself out." Amplifiers with nega-
tive feedback are therefore comparatively free 
from harmonic distortion. These advantages are 
worth while if the amplifier otherwise has enough 
voltage gain for its intended use. 

(A) 

Signal 

Signal 

(B) 

Fig. 3- 14—Simple circuits for producing feedback. 

In the circuit shown at A in Fig. 3-14 resistor 
Ra is in series with the regular plate resistor, /4, 
and thus is a part of the load for the tube. There-
fore, part of the output voltage will appear across 
I?, However, Re also is connected in series with 
the grid circuit, and so the output voltage that 
appears across /4 is in series with the signal 
voltage. The output voltage across Ra opposes 
the signal voltage, so the actual a.c. voltage 
between the grid and cathode is equal to the 
difference between the two voltages. 
The circuit shown at B in Fig. 3-14 can be used 

to give eithei. negative or positive feedback. The 
secondary of a transformer is connected back 
into the grid circuit to insert a desired amount of 
feedback voltage. Reversing the terminals of 
either transformer winding (but not both simul-
taneously) will reverse the phase. 

Positive Feedback 

Positive feedback increases the amplification 
because the feedback voltage adds to the original 

signal voltage and the resulting larger voltage on 
the grid causes a larger output voltage. The 
amplification tends to be greatest at one fre-
quency (which depends upon the particular cir-
cuit arrangement) and harmonic distortion is 
increased. If enough energy is fed back, a self-
sustaining oscillation — in which energy at essen-
tially one frequency is generated by the tube 
itself — will be set up. In such case all the signal 
voltage on the grid can be supplied from the 
plate circuit; no external signal is needed because 
any small irregularity in the plate current — and 
there are always some such irregularities — will 
be amplified and thus give the oscillation an 
opportunity to build up. Positive feedback finds 
a major application in such "oscillators," and in 
addition is used for selective amplification at both 
audio and radio frequencies, the feedback being 
kept below the value that causes self-oscillation. 

• INTERELECTRODE CAPACITANCES 
Each pair of elements in a tube forms a small 

capacitor, with each element acting as a capac-
itor "plate." There are three such capacitances 
in a triode — that between the grid and cathode, 
that between the grid and plate, and that be-
tween the plate and cathode. The capacitances 
are very small — only a few micromicrofarads at 
most — but they frequently have a very pro-
nounced effect on the operation of an amplifier 
circuit. 

Input Capacitance 

It was explained previously that the a.c. grid 
voltage and a.c. plate voltage of an amplifier 
having a resistive load are 180 degrees out of 
phase, using the cathode of the tube as a reference 
point. However, these two voltages are in phase 
going around the circuit from plate to grid as 
shown in Fig. 3-15. This means that their sum is 
acting between the grid and plate; that is, across 
the grid-plate capacitance of the tube. 
As a result, a capacitive current flows around 

the circuit, its amplitude being directly propor-
tional to the sum of the a.c. grid and plate 
voltages and to the grid-plate capacitance. The 
source of grid signal must furnish this amount of 
current, in addition to the capacitive current that 
flows in the grid-cathode capacitance. Hence the 
signal source "sees" an effective capacitance that 
is larger than the grid-cathode capacitance. This 
is known as the Miller Effect. 

Fig. 3- 15—The c.c. voltage appearing between the grid 
and plate of the amplifier is the sum of the signal voltage 
and the output voltage, as shown by this simplified circuit. 

Instantaneous polarities are indicated. 
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The greater the voltage amplification the 
greater the effective input capacitance. The input 
capacitance of a resistance-coupled amplifier is 
given by the formula 

= egk Cgp(A + 1) 

where C„k is the grid-to-cathode capacitance, 
is the grid-to-plate capacitance, and A is the 

voltage amplification. The input capacitance may 
be as much as several hundred micromicrofarads 
when the voltage amplification is large, even 
though the interelectrode capacitances are quite 

small. 

Output Capacitance 

The principal component of the output ca-
pacitance of an amplifier is the actual plate-to-
cathode capacitance of the tube. The output 
capacitance usually need not be considered in 
audio amplifiers, but becomes of importance at 
radio frequencies. 

Tube Capacitance at R.F. 

At radio frequencies the reactances of even 
very small interelectrode capacitances drop to 
very low values. A resistance-coupled amplifier 
gives very little amplification at r.f., for example, 
because the reactances of the interelectrode "ca-
pacitors" are so low that they practically short-
circuit the input and output circuits and thus the 
tube is unable to amplify. This is overcome at 
radio frequencies by using tuned circuits for the 
grid and plate, making the tube capacitances part 
of the tuning capacitances. In this way the cir-
cuits can have the high resistive impedances nec-
essary for satisfactory amplification. 
The grid-plate capacitance is important at 

radio frequencies because its reactance, relatively 
low at r. r., offers a path over which energy can be 
fed back from the plate to the grid. In practically 
every case the feedback is in the right phase and 
of sufficient amplitude to cause self-oscillation, so 
the circuit becomes useless as an amplifier. 

Special "neutralizing" circuits can be used to 
prevent feedback but they are, in general, not 
too satisfactory when used in radio receivers. 
They are, however, used in transmitters. 

• SCREEN-GRID TUBES 
The grid-plate capa cit:i nce can be reduced to a 

negligible value by inserting a second grid be-
t \\ pun the control grid and the plate, as indicated 
in Vig. 3-16. The second grid, called the screen 
grid, acts as an electrostatic shield to prevent 
capacitive coupling between the control grid and 
plate. It is made in the form of a grid or coarse 
screen so that electrons can pa-ss through it. 

Because of the shielding action of the screen 
grid, the positively charged plate cannot attract 
electrons from the cathode as it does in a triode. 
In order to get electrons to the plate, it is 
necessary to apply a positive voltage (with 
respect to the cathode) to the screen. The screen 
then attracts electrons much as does the plate in 
a triode tube. In traveling toward the screen the 
electrons acquire such velocity that most of them 

Fig. 3- 16— Representa ive arrangement of elements in a 
screen- grid tetrode, w.th part of plate and screen cut 
away. This is "single-ended" construction with a button 
base, typical of miniature receiving tubes. To reduce 
capacitance between control grid and plate the leads 
from these elements are brought out at opposite sides; 
actual tubes probably would have additional shielding 

between these leads. 

shoot between the screen wires and then are 
attracted to the plate. A certain proportion do 
strike the screen, however, with the result that 
some current also flows in the screen-grid circuit. 
To be a good shield, the screen grid must be 

connected to the cathode through a circuit that 
has low impedance at the frequency being ampli-
fied. A bypass capacitor from screen grid to 
cathode, having a reactance of not more than a 
few hundred ohms, is generally used. 
A tube having a cathode, control grid, screen 

grid and plate (four elements) is called a tetrode. 

Pentodes 

When an electron traveling at appreciable 
velocity through a tube strikes the plate it dis-
lodges other electrons which "splash" from the 
plate into the interelement space. This is called 
secondary emission. In a triode the negative grid 
repels the secondary electrons back into the plate 
and they cause no disturbance. In the screen-grid 
tube, however, the positively charged screen 
attracts the secondary electrons, causing a re-
verse current to flow between screen and plate. 
To overcome the effects of secondary emission, 

a third grid, called the suppressor grid, may be 
inserted bet '.ve ti the screen and plate. This grid 
acts as a shield I at \wen the screen grid and plate 
so the secondary electrons cannot be attracted 
by the screen grid. They are hence attracted back 
to the plate without appreciably obstructing the 
regular plate-current flow. A five-element tube of 
this type is called a pentode. 

Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current flow, the control grid 
still can control the plate current in essentially 
the same way that it does in a triode. Conse-
quently, the grid-plate transconductance (or 
mutual conductance) of a tetrode or pentode will 
be of the same order of value as in a triode of cor-

70 



Screen-Grid Tubes 

responding structure. On the other hand, since 
a change in plate voltage has very lit tle effect on 
the plate-current flow, both the amplification 
factor and plate resistance of a pentode or tetrode 
are very high. In small receiving pentodes the 
amplification factor is of the order of 1000 or 
higher, while the plate resistance may be from 
0.5 to 1 or more megohms. Because of the high 
plate resistance, the actual voltage amplification 
possible with a pentode is very much less than 
the large amplification factor might indicate. A 
voltage gain in the vicinity of 50 to 200 is typical 
of a pentode stage. 

In practical screen-grid tubes the grid-plate 
capacitance is only a small fraction of a micro-
microfarad. This capacitance is too small to cause 
an appreciable increase in input capacitance as 
described in the preceding section, so the input 
capacitance of a screen-grid tube is simply the 
sum of its grid-cathode capacitance and control-
grid-to-screen capacitance. The output capaci-
tance of a screen-grid tube is equal to the capaci-
tance between the plate and screen. 

In addition to their applications as radio-
frequency amplifiers, pentodes or tetrodes also 
are used for audio-frequency power amplification. 
In tubes designed for this purpose the chief func-
tion of the screen is to serve as an accelerator of 
the electrons, so that large values of plate current 
can be drawn at relatively low plate voltages. 
Such tubes have quite high power sensitivity 
compared with triodes of the same power output, 
although harmonic distortion is somewhat greater. 

Beam Tubes 

A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their way 
to the plate. Additional design features overcome 
the effects of secondary emission so that a sup-
pressor grid is not needed. The "beam" con-
struction makes it possible to draw large plate 
currents at relatively low plate voltages, and 
increases the power sensitivity. 
For power amplification at both audio and 

radio frequencies beam tetrodes have largely 
supplanted the non-beam types because large 
power outputs can be secured with very small 
amounts of grid driving power. 

Variable-g Tubes 

The mutual conductance of a vacuum tube 
decreases when its grid bias is made more nega-
tive, assuming that the other electrode voltages 
are held constant. Since the mutual conductance 
controls the amount of amplification, it is possible 
to adjust the gain of the amplifier by adjusting 
the grid bias. This method of gain control is uni-
versally used in radio-frequency amplifiers de-
signed for receivers. 
The ordinary type of tube has what is known 

as a sharp-cutoff characteristic. The mutual 
conductance decreases at a uniform rate as the 
negative bias is increased. The amount of signal 
voltage that such a tube can handle without 
causing distortion is not sufficient to take care of 

very strong signals. To overccme this, some tubes 
are made with a variable-s characteristic — that 
is, the amplification factor decreases with increas-
ing grid bias. The variable-a tube can handle a 
much larger signal than the sharp-cutoff type 
before the signal swings either beyond the zero 
grid-bias point or the plate-current cutoff point. 

• INPUT AND OUTPUT IMPEDANCES 
The input impedance of a vacuum-tube ampli-

fier is the impedance "seen" by the signal source 
when connected to the input terminals of the 
amplifier. In the types of amplifiers previously 
discussed, the input impedance is the impedance 
measured between the grid and cathode of the 
tube with operating voltages applied. At audio 
frequencies the input impedance of a Class Ai 
amplifier is for all practical purposes the input. 
capacitance of the stage. If the tube is driven into 
the grid-current region there is in addition a re-
sistance component in the input impedance, the 
resistance having an average value equal to E2//', 
where E is the r.m.s. driving voltage and P is the 
power in watts consumed in the grid. The re-
sistance usually will vary during the a.c. cycle 
because grid current may flow only during part 
of the cycle; also, the grid-voltage/grid-current 
characteristic is seldom linear. 
The output impedance of amplifiers of this 

type consists of the plate resistance of the tube 
shunted by the output capacitance. 
At radio frequencies, when tuned circuits are 

employed, the input and output impedances are 
usually pure resist anees ; any reactive components 
are "tuned out" in the process of adjusting the 
circuits to resonance at the operating frequency. 

• OTHER TYPES OF AMPLIFIERS 
In the amplifier circuits so far discussed, the 

signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cathode has been the meeting point for the input 
and output circuits. However, it is possible to use 
any one of the three principal elements as the 
common point. This leads to two additional kinds 
of amplifiers, commonly called the grounded-grid 
amplifier (or grid-separation circuit) and the 
cathode follower. 
These two circuits are shown in simplified form 

in Fig. 3-17. In both circuits the resistor R repre-
sents the load into which the amplifier works; 
the actual load may be resistance-capacitance-
coupled, transformer-coupled, may be a tuned 
circuit if the amplifier operates at radio fre-
quencies, and so on. Also, in both circuits the 
batteries that supply grid bias and plate power 
are assumed to have such negligible impedance 
that they do not enter into the operation of the 
circuits. 

Grounded-Grid Amplifier 

In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 
output is taken between the plate and grid. The 
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Signal 

GROUNDED-GR D AMPLIF ER 

Signal 

CATHODE FOLLOWER 

Fig. 3- 17—In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the lower 
drawing, the plate 
is the junction. In 
either case the out-
put is developed in 
the load resistor, 
R, and may be 
coupled to a fol-
lowing amplifier by 
the usual methods. 

grid is thus t he common elemeitt. The a.c. com-
ponent of the plate current has to flow through 
the signal s:iurce to reach the cathode. The 
souree of signal is in series with the load through 
the plate-to-cathode resistance of the tube, 
so some of the Power in the load is supplied 
iy the sigt at I sourer. ln t ransmi t t ing applications 
t his fed-thniugh power is of the order of 10 per 
cent of the total power output, using tubes suit-
al >le for grininded-grid serviee. 
The imeit impedance of the groutuled-grid 

amplifier von si st s of a capacitance in parallel with 
an equivalent resistance representing the power 
furnished by tile driving source to tlui grid and to 
the load. This resistance is of the order of a few 
hundred ohms. The output impedanee, neglerting 
the interelertrode capacitances, is equal to the 
plate resistance of the tube. This is the same as 
in the case of the grounded-cathode amplifier. 
The grounded-grid amplifier is widely used 

at v.h.f, and tt.h.f., where the more convent ional 
amplifier circuit fails to work properly. With a 
triode tube designed for this type of operation, 
an r.f. amplifier can be built that is free from the 
type of feedback that causes oscillation. This 
requires that the grid act as a shield between the 
cathode and plate, reducing the plate-cathode 
capacitance to a very low value. 

Cathode Follower 

The cathode follower uses the plate 
of the tube as the common element. 
The input signal is applied between 
the grid and plate (assuming negligible 
impedance ill the batteries) and the 
output is taken between cathode and 
plate. This circuit is degenerative; in 
fart, all of the output voltage is fed 
bark into the input circuit out of 
phase with the grid signal. The input 
signal therefore has to be larger than 
the output voltage: that is, tlw cath-
ode follinver gives a loss in voltage, 
although it gives the same power gain 
as other Tirouit s under equivalent op-
erating t ri lill Ois. 

GRID 
RETURN 

An important feature of the cathode follower is 
its low output impedance, which is given by the 
formula ( neglecting interelectrode capacitances) 

rp 
Z,„,t — 

± 

where r, is the tube plate resistance and a is the 
amplification factor. Low output impedance is a 
valuable characteristic in an amplifier designed 
to cover a wide band of frequencies. In addition, 
the input capacitance is only a fraction of 
the grid-to-cathode capacitance of the tube, a 
feature of further benefit in a wide-band ampli-
fier. The cathode follower is useful as a step-down 
impedance transformer, since the input im-
pedance is high and the output impedance is low. 

• CATHODE CIRCUITS AND GRID BIAS 
Most of the equipment used by amateurs is 

powered by the a.c. line. This includes the fila-
ments or heaters of vacuum tubes. Although 
supplies for the plate (and sometimes the grid 
are usually rectified and filtered to give pure d.c. 
— that is, direct current that is constant and 
without a superimposed a.c. component — the 
relatively large currents required by filaments 
and heaters usually make a rectifier-type d.c. 
supply impracticable. 

Filament Hum 

Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the a.c. voltage is likely to get on the grid and 
cause a low-pitched "a.c. hum" to be superim-
posed on the output. 
Hum troubles are worst with directly-heated 

cathodes or filaments, because with such cathodes 
there has to be a direct connection between the 
source of heating power and the rest of the cir-
cuit. The hum can be minimized by either of the 
connections shown in Fig. 3-18. In both cases the 
grid- and plate-return circuits are connected to 
the electrical midpoint (center tap) of the fila-
ment supply. Thus, so far as the grid and plate 
are concerned, the voltage and current on one 
side of the filament are balanced by an equal and 
opposite voltage and current on the other side. 
The balance is never quite perfect, however, so 
filament-type tubes are never completely hum-

GRID 
PLATE RETURN 
RETURN 

PLATE 
RETURN 

Fig. 3- 18— Filament center- tapping methods for use with directly 
heated tubes. 
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free. For this reason directly-heated filaments are 
employed for the most part in power tubes, 
where the amount of hum introduced is ex-
tremely small in comparison with the power-
output level. 

With indirectly heated cathodes the chief 
problem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
heater and cathode, allowing a small a.c. voltage 
to get to the grid. If hum appears, grounding one 
side of the heater supply usually will help to 
reduce it, although sometimes better results are 
obtained if the heater supply is center-tapped 
and the center-tap grounded, as in Fig. 3-18. 

Cathode Bias 

In the simplified amplifier circuits discussed in 
this chapter, grid bias has been supplied by a bat-
tery. However, in equipment that operates from 
the power line cathode bias is very frequently 
used. 
The cathode-hi: method uses a resistor (cath-

ode resistor) connected in series with the cathode, 
as shown at R in Fig. 3-19. The direction of plate.. 
current flow is such that the end of the resistor 
nearest the cathode is positive. The voltage drop 

Fig. 3- I9—Cathode biasing. R is cathode resistor and 
C is the cathode bypass capacitor. 

across R therefore places a negative voltage on 
the grid. This negative bias is obtained from 
the steady d.c. plate current. 

If the alternating component of plate current 
flows through I? when the tube is amplifying, the 
voltage drop caused by the a.c. will be degenera-
tive (note the similarity between this circuit and 
that of Fig. 3-14A). To prevent this the resistor 
is bypassed by a capacitor, C, .that has very 
low reactance compared with the resistance of R. 
Depending on the type of tube and the particular 
kind of operation, R may be between: about 100 
and 3000 ohms. For good bypassing at the low 
audio frequencies, C should be 10 to 50 micro-
farads (electrolytic capacitors are used for this 
purpose). At radio frequencies, capacitances of 
about 100 baLf. to 0.1 mf. are used; the small 
values are sufficient at very high frequencies and 
the largest at low and medium frequencies. In 
the range 3 to 30 megacycles a capacitance of 
0.01 pf. is satisfactory. 
The value of cathode resistor for an amplifier 

having negligible d.c. resistance in its plate cir-
cuit (transformer or impedance coupled) can 
easily be calculated from the known operating 
conditions of the tube. The proper grid bias 
and plate current always are specified by the 
manufacturer. Knowing these, the required re-
sistance can be found by applying Ohm's Law. 

Example: It is found from tube tables that the 
tube to be used should have a negative grid bias 
of 8 volts and that at this bias the plate current 
will be 12 milliamperes (0.012 amp.). The re-
quired cathode resistance is then 

E 8 
R = — = — 0.012 667 ohms. 

/  

The nearest standard value, 680 ohms, would be 
close enough. The power used in the resistor is 

P=E1 = 8X 0.012 = 0.096 watt. 
A 34-watt or -watt resistor would have ample 
rating. 

The current that flows through R is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum of 
the plate and screen currents. Hence these two 
currents must be added when calculating the 
value of cathode resistor required for a screen-
grid tube. 

Example: A receiving pentode requires 3 volts 
negative bias. At this bias and the recommended 
plate and screen voltages, its plate current is 9 
nia, and its screen current is 2 ma. The cathode 
current is therefore 11 ma. (0.011 amp.). The 
required resistance is 

E  R = — —3  = 272 ohms. 
I 0.011 

A 270-olitii resistor would be satisfactory. The 
power in the resistor is 

P=E1 = 3X 0.011 -= 0.033 watt. 

The cathode-resistor method of biasing is self-
regulating, because if the tube characteristics 
vary slightly from the published values (as they 
do in practice) the bias will increase if the plate 
current is slightly high, or decrease if it is slight ly 
low. This tends to hold the plate current at the 
proper value. 

Calculation of the cathode resistor for a re-
sistance-coupled amplifier is ordinarily not prac-
ticable by the method described above, because 
the plate current in such an amplifier is usually 
much smaller than the rated value given in the 
tube tables. However, representative data for the 
tubes commonly used as resistance-coupled 
amplifiers are given in the chapter on audio 
amplifiers, including cathode-resistor values. 

"Contact Potential" Bias 

In the absence of any negative bias voltage on 
the grid of a tube, some of the electrons in the 
space charge will have en(nigh velocity to reach 
the grid. This causes a small current (of the order 
of microamperes) to flow in the external circuit 
between the grid and cathode. If the current is 
made to flow through a high resistance — a meg-
ohm or so — the resulting voltage drop in the 
resistor will give the grid a negative bias of the 
order of one volt. The bias so obtained is called 
contact-potential bias. 

Contact-potential bias can be used to advan-
tage in circuits operating at low signal levels (less 
than one volt peak) since it eliminates the cath-
ode-bias resistor and bypass capacitor. It is prin-
cipally use I in low-level resist Ulu'('-('( audio 
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amplifiers. The bias resistor is connected directly-
between grid and cathode, and must be isolated 
from the signal source by a blocking capacitor. 

Screen Supply 

In practical circuits using tetrodes and pen-
todes the voltage for the screen frequently is 
taken from the plate supply through a resistor. A 
typical circuit for an r.f. amplifier is shown in 
Fig. 3-20. Resistor R is the screen dropping 
resistor, and C is the screen bypass capacitor. 
In flowing through R, the screen current causes 
a voltage drop in R that reduces the plate-supply 
voltage to the proper value for the screen. When 
the plate-supply voltage and the screen current 
are known, the value of R can be calculated from 
Ohm's Law. 

Example: An r.f. receiving pentode has a rated 
screen current of 2 milliamperes (0.002 amp.) at 
normal operating conditions. The rated screen 
voltage is 100 volts, and the plate supply gives 
250 volts. To put 100 volts on the screen, the 
drop across R must be equal to the difference 
between the plate-supply voltage and the screen 
voltage; that is, 250 — 100 = 150 volts. Then 

• E 150 
R = —= — = 75,000 ohms. 

I 0.002 

The power to be dissipated in the resistor is 

r;gral 

Plate voitoge 

Fig. 3-20—Screen-voltage supply for a pentode tube 
through a dropping resistor, R. The screen bypass 
capacitor. C, must have low enough reactance to bring 
the screen to ground potential for the frequency or 

frequencies being amplified. 

P = El = 150 X 0.002 = 0.3 watt. 

A %- or 1-watt resistor would be satisfactory. 

The reactance of the screen bypass capacitor, 
C, should be low compared with the screen-to-
cathode impedance. For radio-frequency applica-
tions a capacitance in the vicinity of 0.01 id. is 
amply large. 

In some vacuum-tube circuits the screen volt-
age is obtained from a voltage divider connected 
across the plate supply. The design of voltage 
dividers is discussed at length in Chapter 7 on 
Power Supplies. 

Oscillators 

It was mentioned earlier that if t.here is enough 
positive feedback in an amplifier circuit, self-
sustaining oscillations will be set up. When an 
amplifier is arranged so that this condition exists 
it is called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that frequency. For example, in Fig. 3-21A 
the circuit LC is tuned to the desired frequency 
of oscillation. The cathode of the tube is con-
nected to a tap on coil L and the grid and plate 
are connected to opposite ends of the tuned cir-
cuit. When an r.f. current flows in the tuned 
circuit there is a voltage drop across L t hat in-
creases progressively along the turns. Thus the 
point at which the tap is connected will be at an 
intermediate potential with respect to the two 
ends of the coil. The amplified current in the plate 
circuit, which flows through the bottom section of 
L, is in phase with the current already flowing in 
the circuit and thus in the proper relationship for 
positive feedback. 
The amount of feedback depends on the posi-

tion of the tap. If the tap is too near the grid end 
the voltage drop between grid and cathode is too 
small to give enough feedback to sustain oscilla-
tion, and if it is too near the plate end the im-
pedance between the cathode and plate is too 
small to permit good amplification. Maximum 
feedback usually is obtained when the tap is 
somewhere near the center uf the coil. 

HARTLEY CIRCUIT 

The circuit of Fig. 3-21.1 is parallel-fed, Gb 
being the blocking capacitor. The value of Cb 
is not critical so long as its reactance is low (not 
more than a few hundred ohms) at the operating 
frequency. 

Capacitor Cg is the grid capacitor. It and R. 
(the grid leak) are used for the purpose of ob-

(A) 

Plate Voltage 

COLPITTt CIRCUIT 

Fig. 3-21 —Basic oscillator circuits. Feedback voltage is 
obtained by tapping the grid and cathode across a portion 
of the tuned circuit. In the Hartley circuit the tap is on the 
coil, but in the Colpitts circuit the voltage is obtained from 

the drop across a capacitor. 
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taming grid bias for the tube. In most oscillator 
circuits the tube generates its own bias. During 
the part of the cycle when the grid is positive 
with respect to the cathode, it attracts electrons. 
These electrons cannot flow through L back to 
the cathode because Cg "blocks" direct current. 
They therefore have to flow or "leak" through 
Rg to cathode, and in doing so cause a voltage 
drop in Ra that places a negative bias on the 
grid. The amount of bias so developed is equal 
to the grid current multiplied by the resistance 
of Ra (Ohm's Law). The value of grid-leak 
resistance required depends upon the kind of 
tube used and the purpose for which the oscil-
lator is intended. Values range all the way from a 
few thousand to several hundred thousand ohms. 
The capacitance of Cg should be large enough to 
have low reactance (a few hundred ohms) at the 
operating frequency. 
The circuit shown at B in Fig. 3-21 uses the 

voltage drops across two capacitors in series in 
the tuned circuit to supply the feedback. Other 
than this, the operation is the same as just 
described. The feedback can be varied by vary-
ing the ratio of the reactances of CI and C2 (that 
is, by varying the ratio of their capacitances). 
Another type of oscillator, called the tuned-

plate tuned-grid circuit, is shown in Fig. 3-22. 

Fig. 3-22—The tuned-plate tuned-grid oscillator. 

Resonant circuits tuned approximately to the 
same frequency are connected between grid and 
cathode and between plate and cathode. The two 
coils, L1 and L2, are not magnetically coupled. 
The feedback is through the grid-plate capaci-
tance of the tube, and will be in the right phase 
to be positive when the plate circuit, r2L2, is 
tuned to a slightly higher frequency than the 
grid circuit, Lie'. The amount of feedback can 
be adjusted by varying the tuning of either cir-
cuit. The frequency of oscillation is determined 
by the tuned circuit that has the higher Q. The 
grid leak and grid capacitor have the same 
functions as in the other circuits. In this case it is 
convenient to use series feed for the plate circuit, 
so CI, is a bypass capacitor to guide the r.f. 
current around the plate supply. 
There are many oscillator circuits (examples of 

others will be found in later chapters) but the 
basic feature of all of them is that there is posi-
tive feedback in the proper amplitude and phase 
to sustain oscillation. 

Oscillator Operating Characteristics 

When an oscillator is delivering power to a 
load, the adjustment for proper feedback will 
depend on how heavily the oscillator is loaded 
— that is, how much power is being taken from 

the circuit. If the feedback is not large enough — 
grid excitation too small — a small increase in 
load may tend to throw the circuit out of oscilla-
tion. On the other hand, too much feedback 
will make the grid current excessively high, 
with the result that the power loss in the grid 
circuit becomes larger than necessary. Since the 
oscillator itself supplies this grid power, excessive 
feedback lowers the over-all efficiency because 
whatever power is used in the grid circuit is not 
available as useful output. 
One of the most important considerations in 

oscillator design is frequency stability. The prin-
cipal factors that cause a change in frequency are 
(1) temperature, (2) plate voltage, (3) loading, 
(4) mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacitances. Since these are unavoidably part 
of the tuned circuit, the frequency will change 
correspondingly. Temperature changes in the coil 
or the tuning capacitor will alter the inductance 
or capacitance slightly, again causing a shift in 
the resonant frequency. These effects are rela-
tively slow in operation, and the frequency 
change caused by them is called drift. 
A change in plate voltage usually will cause 

the frequency to change a small amount, an 
effect called dynamic instability. Dynamic in-
stability can be reduced by using a tuned circuit 
of high effective Q. The energy taken from the 
circuit to supply grid losses, as well as energy 
supplied to a load, represent an increase in the 
effective resistance of the tuned circuit and thus 
lower its Q. For highest stability, therefore, the 
coupling between the tuned circuit and the tube 
and load must be kept as loose as possible. Pref-
erably, the oscillator should not be required to 
deliver power to an external circuit, and a high 
value of grid leak resistance should be used since 
this helps to raise the tube grid and plate resist-
ances as seen by the tuned circuit. Loose coupling 
can be effected in a variety of ways — one, for 
example, is by "tapping down" on the tank for 
the connections to the grid and plate. This is 
done in the " series-tuned" Colpitts circuit 
widely used in variable-frequency oscillators for 
amateur transmitters and described in a later 
chapter. Alternatively, the LIC ratio may be 
made as small as possible while sustaining stable 
oscillation (high C) with the grid and plate con-
nected to the ends of the circuit as shown in 
Figs. 3-21 and 3-22. Using relatively high plate 
voltage and low plate current also is desirable. 

In general, dynamic stability will be at maxi-
mum when the feedback is adjusted to the least 
value that permits reliable oscillation. The use 
of a tube having a high value of transconductanee 
is desirable, since the higher the transconductance 
the looser the permissible coupling to the tuned 
circuit and the smaller the feedback required. 

Load variations act in much the same way as 
plate-voltage variations. A temperature change 
in the load may also result in drift. 

Mechanical variations, usually caused by 
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SHUNT 

SERIES 

vibration, cause changes in inductance and/ 
or capacitance that in turn cause the frequency 
to "wobble" in step with the vibration. 
Methods of minimizing frequency variations 

in oscillators are taken up in detail in later 
chapters. 

Ground Point 

In the oscillator circuits shown in Figs. 3-21 
and 3-22 the cathode is connected to ground. 
It is not actually essential that the radio-
frequency circuit should be grounded at the 
cathode; in fact, there are many times when 
an r.f. ground on some other point in the circuit 
is desirable. The r.f, ground can be placed at 
any point so long as proper provisions are 
made for feeding the supply voltages to the 
tube elements. 

Fig. 3-23 shows the Hartley circuit with the 
plate end of the circuit grounded. No r.f. choke is 
needed in the plate circuit because the plate al-
ready is at ground potential and there is no r.f. 
to choke off All that is necessary is a by pass 
capacitor, Ch, across the plate supply. Direct 

Plate 
Voltage 

Fig. 3-23—Showing how the plate may be grounded for 
r.f. in a typical oscillator circuit (Hartley). 

current flows to the cathode through the lower 
part of the tuned-circuit coil, L. An advantage of 
such a circuit is that the frame of the tuning 
capacitor can be grounded. 
Tubes having indirectly heated cathodes are 

more easily adaptable to circuits grounded at 
other points than the cathode than are tubes 
having directly heated filaments. With the 
latter tubes special precautions have to be 
taken to prevent the filament from being by-
passed to ground by the capacitance of the 
filament-heating transformer. 

Clipping Circuits 

Vacuum tubes are readily adaptable to other 
types of operation t han ordinary ( without sub-
stantial distortion) amplification and the genera-

SIGNAL OUTPUT 

plate is negative and there is no conduction. 
Thus part of the negative half cycle is clipped as 
shown in the drawing at the right. The level at 

which clipping occurs depends on the bias volt-
age, and the proportion of signal clipping de-
pends on the signal strength in relat ion to the 
bias voltage. If the peak signal voltage is below 
the bias level there is no clipping and the out-
put wave shape is the same as the input wave 
shape, as shown in the lower sketch. The out-
put voltage results from the current flow 
through the load resistor R. 

In the shunt-type diode clipper negative bias 
is applied to the plate so the diode is normally 
nonconducting. In this case the signal voltage 
is fed through the series resistor R to the output 
circuit (which must have high impedance com-
pared with the resistance of R). When the nega-
tive half of the signal voltage exceeds the bias 

voltage the diode conducts, and because of the 
voltage drop in R when current flows the output 
voltage is reduced. By proper choice of R in rela-
tionship to the load on the output circuit the 
clipping can be made equivalent to that given 
by the series circuit. There is no clipping when 
the peak signal voltage is below the bias level. 
Two diode circuits can be combined so that 

both the negative and positive peaks of the signal 
are clipped. 

EMS LEVEL 

f\./"\,  ....... 
BMS LEVEL 

OUTPUT Fig. 3- 24—Series and shunt 
diode clippers. Typical opera-

tion is shown at the right. 

tien of single-frequency oscillations. Of particular 
interest is the clipper or limiter circuit, because 
of its several applications in receiving and other 
equipment. 

Diode Clipper Circuits 

Basic diode clipper circuits are shown in Fig. 
3-24. In the series type a positive d.c. bias volt-
age is applied to the plate of the diode so it is 
normally conducting. When a signal is applied 
the current through the diode will change pro-
portionately during the time the signal voltage is 
positive at the diode plate and for that part of 
t he negative half of the signal during which the 
instantaneous voltage does not exceed the bias. 
When the negative signal voltage exceeds the 
positive bias the resultant voltage at the diode 

Triode Clippers 

The circuit shown at A in Fig. 3-25 is capable 
of clipping both negative and positive signal 
peaks. On positive peaks its operation is similar 
to the shunt diode clipper, the clipping taking 
place when the positive peak of the signal voltage 
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Clipping Circuits 

OUTPUT 

(A) 

TRIODE 

Fig. 3-25—Triode clippers. A—Single triode, using shunt-type 
diode clipping in the grid circuit for the positive peak and 
plate-current cut-off clipping for the negative peak. B— 
Cathode-coupled clipper, using plate-current cut-off clipping 

for both positive and negative peaks. 

is large enough to drive the grid positive. The 
positive-clipped signal is amplified by the tube 
as a resistance-coupled amplifier. Negative peak 
*gipping occurs when the negative peak of the 
signal voltage exceeds the fixed grid bias and thus 
cuts off the plate current in the output circuit. 

In the cathode-coupled clipper shown at B 
in Fig. 3-25 VI is a cathode follower with its out-
put circuit directly connected to t he cathode of 
1/2, which is a grounded-grid amplifier. The tubes 
are biased by the voltage drop across RI, which 
carries the d.c. plate currents of both tubes. 
When the negative peak of the signal voltage ex-

CATHODE - COUPLED 

(B) 

coeds the d.c. voltage across R1 clipping occurs 
in Vi, and when the positive peak exceeds the 
same value of voltage V2's plate current is cut 
off. (The bias developed in R1 tends to be constant 
because the plate current of one tube increases 
when the plate current of the other decreases.) 
Thus the circuit clips both positive and negative 
peaks. The clipping is symmetrical, providing the 
d.c. voltage drop in R2 is small enough so that 
the operating conditions of the two tubes are 
substantially the same. For signal voltages below 
the clipping level the circuit operates as a normal 
amplifier with low distortion. 

U.H.F. and Microwave Tubes 

At ultrahigh frequencies, interelectrode ca-
pacitances and t he inductance of internal leads 
determine the highest possible frequency to which 
a vacuum tube can be tuned. The tube usually 
will not oscillate up to this limit, however, be-
cause of dielectric losses, transit time and other 
effects. In low-frequency operation, the actual 
time of flight of electrons between the cathode 
and the anode is negligible in relation to the dura-
tion of the cycle. At 1000 kc., for example, transit 
time of 0.001 microsecond, which is typical of 
conventional tubes, is only 1/1000 cycle. But at 
100 Mc., this same transit time represents ÍA:) 
of a cycle, and a full cycle at 1000 Mc. These 
limiting factors establish about 3000 Mc. as the 
upper frequency limit for negative-grid tubes. 
With most tubes of conventional design, the 

upper limit of useful operation is around 150 Mc. 
For higher frequencies tubes of special construc-
tion are required. About the only means available 
for reducing interelectrode capacitances is to re-
duce the physical size of the elements, which is 
practical only in tubes which do not have to 
handle appreciable power. However, it is possible 
to reduce the internal lead inductance very ma-
terially by minimizing the lead length and by 
using two or more leads in parallel from an 
elect rode. 

In some types the electrodes are provided with 
up to five separate leads which may be eonneeted 
ill parallel externally. In double-lead type the 
plate and grid elements are siipported by heavy 
single wires which run entirely through the . en-
velope, providing terminals at either end of the 

bulb. With linear tank circuits the leads become 
a part of the line and have distributed rather than 
lumped constants. 

In " lighthouse" tubes or disk-seal tubes, the 
plate, grid and cathode are assembled in parallel 

Glass 

Mica 
Heater 

Plate 

Cathode 

R.FCathoda 
connection 

D.C.Cathode 
Connection 

Fig. 3-26—Sectional view of the "lighthouse" tube's 
construction. Close electrode spacing reduces transit time 
while the disk electrode connections reduce lead inductance. 

planes, as shown in Fig. 3-26, instead of coaxially. 
The disk-seal terminals practically eliminate lead 
inductance. 

Velocity Modulation 

In conventional tube operation the potential on 
the grid tends to reduce the electron velocity 
during the more negat ive half of the cycle, while 
on the other half cyele the positive potent ial on 
tlie grid serves to aceclerate the electrons. Thus 
t he electrons tend to separate into groups, those 
leaving the cathode during the: negative half-
('(4e being collectively slowed down, while those 
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3 - VACUUM-TUBE PRINCIPLES 

leaving on the positive half are accelerated. After 
passing into the grid-plate space only a part of 
the elg.et ron stream follows the original form of 
t oscillation cycle, the remainder traveling to 
the plate at differing velocities. Since these con-
tribute nothing to the power output at the op-
erating frequency, the efficiency is reduced in 
direct proportion to the variation in velocity, the 
output reaching a value of zero when the transit 
time approaches a half-cycle. 
This effect is turned to advantage in velocity-

modulated tubes in that the input signal voltage 
on the grid is used to change the velocity of the 
electrons in a constant-current electron beam, 
rather than to vary the intensity of a constant-
veloeil y current flow as is the met hod in ordinary 
tubes. 
The velocity modulation prineiple may be used 

in a number of ways, leading to several tube de-
signs. The major tube of this type is the " kly-
stron." 

The Klystron 

In the klystron tube the eleetrons emitted by 
the cathode pass through an electric field estab-
lished by two grids in a cavity resonator called 
the buncher. The high-frequency electric field 
between the grids is parallel to the electron 
st ream. This field : wet .lerat es the elt.etrons at one 
moment. and retards I I ipm at another, in accord-
ance with the variations of the r.F, voltage ap-
plied. The resulting veloeity-modulated beam 
travels through a field-free " drift spare," where 
the shover-moving electrons are gradually over-
taken by the faster ones. The electrons emerging 
from the Intir of grids t!.arefore are separated into 
groups or " bunched" along the direction of mo-
tion. The veloeity-modulated electron stream 
then goes to a catcher cavity where it again 
passes through t wo parallel grids, and the 
r.f. current created by the bunching of the elec-

MOD 3 

SUS v.A C 

Fig. 3-27—Circuit diagram of the klystron oscillator, 
showing the feed-back loop coupling the frequency-con-

trolling cavities. 

tron beam induces an r.f, voltage between the 
grids. The catcher cavity is made resonant at the 
frequency of the velocity-modulated electron 
beam, so that an oscillating field is set up within 
it by the passage of the electron bunches through 
the grid aperture. 

If a feed back loop is provided between the 
two cavities, as shown in Fig. 3-27, oscillations 
will occur. The resonant frequency depends on 
the electrode voltages and on the shape of the 
cavities, and may be adjusted by varying the 
supply voltage and altering the dimensions of the 
cavities. Although the bunched beam current is 
rich in harmonics the output wave form is re-
markably pure because the high Q of the catcher 
cavity suppresses the unwanted harmonics. 

Magnetrons 

A magnetron is fundamentally a diode with 
cylindrical electrodes played in a uniform mag-
netic field, with the lines of magnet ie force parallel 
to the axes of the elements. The simple cylindrical 
magnetron consists of a cathode surrounded by 
a concentric cylindrical anode. In the more efli-

Jaection of marelic 

&eaten al rnaynetic field 

(A) 

(B) 

Fig. 3-28—Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron. B, split-anode negative-resistance magnetron. 

cient split-anode magnetron the eylinder is di-
vided lengthwise. 

Itignet ron oscillators are operated in two dif-
ferent. ways. Eleetrically the circuits are similar, 
the difference being in the relation between ele-
tron transit time and the frequency of oscillation. 

In the negative-resistance or dynatron type of 
magnetron oscillator, the element. dimensions and 
anode voltage are such that the transit time is 
short compared with the period of the oscillation 
frequency. Electrons emitted from the cathode 
are driven toward both halves of the anode. If 
the potentials of the two halves are unequal, the 
effect of the magnetic field is such that the ma-
jority of the electrons travel to the half of the 
anode that is at the lower potential. That is, a 
decrease in the potential of either half of the 
anode results in an increase in the electron 
current flowing to that half. The magnetron con-
sequently exhibits negative-resistance character-
istics. Negative-resistance magnetron oscillators 
are useful between 100 and 1000 Mc. Under the 
best operating conditions efficiencies of 20 to 25 
per cent may he obtained. 
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U.H.F. and Microwave Tubes 

In the transit-time magnetron the frequency is 
determined primarily by the tube dimensions and 
by the electric and magnetic field intensities 
rather t han by the tuning of the tank circuits. 
The intensity of the magnetic field is adjusted so 
that, under static conditions, electrons leaving the 
cathode move in curved paths which just fail to 
reach the anode. All electrons are therefore de-
flected back to the cathode, and the anode cur-
rent is zero. An alternating voltage applied be-
tween the two halves of the anode will cause the 

Cathode Fig. 3- 29— 
Split- anode 
magnetron 
with integral 

  resonant anode 
cavity for use 

at u.h.f. 

potentials of these halves to vary about their av-
erage positive values. If the period (time required 
for one cycle) of the alternating voltage is made 
equal to the time required for an electron to make 
one complete rotation in the magnetic field, the 
a.c. component of the anode voltage reverses di-
rection twice with each electron rotation. Some 
electrons will lose energy to the electric field, with 
the result that they are unable to reach the cath-
ode and continue to rotate about it. Meanwhile 
other electrons gain energy from the field and are 

Fig. 3-30—Schematic draw-
ing of a traveling-wave 

amplifier tube. 

returned to the cathode. Since those electrons 
that lose energy remain in the interelectrode space 
longer than those that gain energy, the net effect 
is a transfer of energy from the electrons to the 
electric field. This energy can be used to sustain 
oscillations in a resonant transmission line con-
nected between the two halves of the anode. 

Split-anode magnetrons for u.h.f. are con-
structed with a cavity resonator built into the 
tube structure, as illustrated in Fig. 3-29. The 

qnbly is a solid block of copper which assists 
in heat dissipation. At extremely high frequen-
vies operation is improved by subdividing the 
anode structure into 4 to 16 or more segments, 
t he resonant cavit ics for each anode being coupled 
to t he common cat hode region by slots of critical 
dimensions. 
The efficiency of multisegment magnetrons 

reaches 65 or 70 per cent. Slotted-anode mag-
netrons with four segments function up to 30,000 
Mc. ( 1 cm.), delivering up to 100 watts at effi-
ciencies greater than 50 per cent. Using larger 
multiples of anodes and higher-order modes, per-
formance can be attained at 0.2 cm. 

Traveling- Wave Tubes 

Gains as high as 23 db. over a bandwidth of 
800 Me. at a center frequency of 3600 Me. have 
been obtained through the use of a traveling-
wave amplifier tube shown schematically in Fig. 
3-30. An electromagnetic wave travels down the 
helix, and an electron beam is shot through the 
helix parallel to its axis, and in the direction of 
propagation of the wave. When the electron 
velocity is about the same as the wave velocity 
in the absence of the electrons, turning on the 
electron beam causes a power gain for wave prop-
agation in the direction of the electron motion. 
The portions of Fig. 3-30 marked " input" and 

4. 

"output" are waveguide sections to which the 
ends of the helix are coupled. In practice fwo 
electromagnetic focusing coils are used, one form-
ing a lens at the electron gun end, and the other 
a solenoid running the length of the helix. 
The outstanding features of the traveling-wave 

amplifier tube are its great bandwidth and large 
power gain. However, the efficiency is rather low. 
Typical power output is of the order of 200 
milliwatts. 
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CHAPTER 4 

Semiconductor 
Devices 

Certain materials whose resistivity is not high 
enough to classify them as good insulators, but 
is still high compared with the resistivity of 
common metals, are known as semiconductors. 
These materials, of which germanium and silicon 
are examples, have an atomic structure that 
normally is associated with insulators. However, 
when small amounts of impurities are introduced 
(luring the manufacture of germanium or silicon 
crystals, it is possible for free electrons to exist 
and to move through the crystals under the influ-
ence of an electric field. It is also possible for some 
of the atoms to be deficient in an electron, and 
these electron deficiencies or holes can move from 
atom to atom when urged to do so by an applied 
electric force. (The movement of a hole is actu-
ally the movement of an electron, the electron 
becoming detached from one atom, making a 
hole in that atom, in order to move into an 
existing hole in another atom.) The holes can be 
considered to be equivalent to particles carrying 
a positive electric charge, while the electrons of 
course have negative charges. Holes and electrons 
are called charge carriers in semiconductors. 

Electron and Hole Conduction 

Material which conducts by virtue of a de-
ficiency in electrons — that is, by hole conduc-
tion — is called p-type material. In n-type 
material, which has an excess of electrons, the 
conduction is termed " electronic." If a piece of 
p-type material is joined to a piece of n-type 
material as at A in Fig. 4-1 and a voltage is ap-
plied to the pair as at B, current will flow across 
the boundary or junction between the two (and 
also in the external circuit) when the battery has 
the polarity indicated. Electrons, indicated by 
the minus symbol, are attracted across the junc-
tion from the n material through the p material 
to the positive terminal of the battery, and 
holes, indicated by the plus symbol, are attracted 
in the opposite direction across the junction by 
the negative potential. of the battery. Thus 
current flows through the circuit by means of 

N 

(4) 

CURRENT 

+ 
-_t-; 

NO CURRENT 

electrons moving one way and holes the other. 
If the battery polarity is reversed, as at C, 

the excess electrons in the n material are ar-
tracted away from the junction and the holes in 
the p material are attracted by the negat ive po-
tential of the battery away from the junct ion. 
This leaves the junction region without any cur-
rent carriers, consequently there is no conduction. 

In other words, a junction of p- and n-type 
materials constitutes a rectifier. It differs from 
the tube diode rectifier in that there is a measur-
able, although comparatively very small, reverse 
current. The reverse current results from the 
presence of some carriers of the type opposite to 
those which principally characterize the material. 
The principal ones are called majority carriers, 
while the lesser ones are minority carriers. 
The process by which the carriers cross the 

junction is essentially diffusion, and takes place 
comparatively slowly. This, together with the fact 
that the junction forms a capacitor with the two 
plates separated by practically zero spacing and 
hence has relatively high capacitance, places a 
limit on the upper frequency at which semicon-
ductor devices of this construction will operate, 
as compared with vacuum tubes. Also, the num-
ber of excess electrons and holes in the material 
depends upon temperature, and since the con-
ductivity in turn depends on the number of ex-
cess holes and electrons, the device is more tem-
perature sensitive than is a vacuum tube. 

Capacitance may be reduced by making the 
contact area very small. This is done by means 
of a point contact, a tiny p-type region being 
formed under the contact point during manu-
facture when n-type material is used for the 
main body of the device. 

e SEMICONDUCTOR DIODES 
Diodes of the point-contact type are used for 

many of the same purposes for which tube diodes 
are used. The construction of such a diode is 

+ ++ + 

Fig. 4-1 —A p-n junction (A) and its 
behavior when conducting ( B) and non-
conducting (C). 
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Semiconductor Diodes 

GERMANIUM WAFER 

ME TA, BASE J CATINHISNER 
CASE 

METAL SUPPORTS 

WIRE LEADS 

SYMBOL 

Fig. 4-2—Construction of a germanium-point-contact 
diode. In the circuit symbol for a contact rectifier the 
arrow points in the direction of minimum resistance meas-
ured by the conventional method—that is, going from the 
positive terminal of the voltage source through the rectifier 
to the negative terminal of he source. The arrow thus 
corresponds to the plate and the bar to the cathode of a 
tube diode. 

shown in Fig. 4-2. Germanium and silicon are 
the most widely used materials, the latter prin-
cipally its the u.h.f. region. 

As compared with the tube diode for r.f. ap-
plica i(nis, the crystal diode has the advantages 
of very small size, very low interelectrode ca-
pavitance (of the order of 1 peel*. or less) and 
requires no heater or filament power. 

Characteristic Curves 

The germanium crystal diode is characterized 
by relatively large current flow with small ap-
plied voltages in the "forward" direction, and 
small, although finite, current flow in the reverse 
or "back" direction for 11111( .11 larger applied 
voltages. A typical characterist iv curve is shown 
in Fig. 4-3. The dynamic resit1IeIII in either the 
forward or back direction is determined by the 
change its current that occurs, at any given point 
on the curve, when the applied voltage is changed 
by a small amount. The forward resistance shows 
some variation in the region of very small ap-
plied voltages, but the curve is for the most part 
quite straight, indicating fairly constant dynzunie 
resistance. For small applied voltages, the forward 
resistance is of the order of 200 ohms in most 
such diode's. The back resistance shows con-
siderable variation, depending on the particular 
voltage chosen for the measurement. It may 1.1111 
from a few hundred thousand ohms to over a 
megohm. In applications suds as meter rectifiers 
for t'. t'. indicating instruments ( t'. f. voltmeters, 
wavemeter indicators, and so on) when the 
load resistanee may be small and the applied 
voltage of the order of several volts, the re-
sistances vary with the value of the applied 
voltage and are considerably lower. 

Junction Diodes 

Junction-type diodes made of gertnanium or 

silicon are employed principally as power reel fiers, iii in applications similar to those where 
seloiti-

tim rectifiers are used. Depending on the 
design of the particular diode, they are capable 
of rectifying currents up to several hundred 
milliamperes. The safe inverse peak voltage of a 
junction is relatively low, so an appropriate 
number of rectifiers must be connected in series 
to operate safely on a given a.c. input voltage:. 

Ratings 

Crystal diodes are rated primarily in terms of 
maximum safe inverse voltage and maximum 
average rectified current. Inverse voltage is a 
voltage applied in the direction opposite to that 
which causes maximum current flow. The average 
current is that which would be read by a d.c. 
meter connected in the current path. 

It is also customary to specify standards of 
performance with respect to forward and back 
current. A minimum value of forward current is 
usually specified for one volt applied. The voltage 
at which the maximum tolerable back current is 
specified varies with the type of diode. 

Fig. 4-3—Typical point 
contact germanium diode 
characteristic curve. Be-
cause the back current is 
much smaller than the for-
ward current, a different 
scale is used for back 
voltage and current. 

BACK VOLTS 
-60 -50 -40 -30 -20 

2 3 4 
FORWARD vous 

 100 

Y 

200 me k' izur‘j 

300 

Zener Diodes 

The "zoner diode" is a special type of silicon 
junction diode that has a characteristic similar 
to that shown in Fig. 4-4. The sharp break from 
non-conductance to conductance is called the 
&tier Knee: at applied voltages greater than this 
breakdown point, the volt ego drop across the 
diode is essentially consfaid over a wide range 
of currents. The substantially constant voltage 

450 

IF (ma.) 300 

150 

REVERSE VOLTAG E 

30 20 10 

• 15 

JJ 1 
  • 

0.5 1.0 

FORWARD VOLTAG E 

Tz hflu 

30 

45 

I 5 

Fig. 4-4—Typical characteristic of a zener diode. In this 
example, the voltage drop is substantially constant at 30 
volts in the (normally) reverse direction. Compare with Fig. 
4-3. A diode with this characteristic would be called a 

"30-volt zcnrr diodeP 
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4 — SEMICONDUCTOR DEVICES 

drop over a wide range of eurree - allows this 
semiconductor device to be used a- a constant 
voltage reference or control element, in a manner 
somewhat similar to the gaseous voltage-regulator 
tube. Voltages for zener diode action range from 
a few volts to several hundred and power ratings 
run from a fraction of a watt to 50 watts. 

'Zeiler diodes can be connected in series to ad-
vantage; the temperature coefficient is improved 
over that of a single diode of equivalent rating 
and the power-handling capability is increased. 
Two zener diodes connected in opposition, 

Fig. 4-5, form a simple and highly effective 

clipper. 

Voltage- Variable Capacitors 

Voltage-variable ctii):iciters are p-n junction 
diodes that behave as ealiacitors of reasonable Q 
(35 or more) up to 50 c. and higher. They are 
useful in many applicat I( fis because the actual 
capacitance value is & pet ¡dent upon the dc. bias 
voltage that is applied. In a typical capacitor 

INPUT I OUTPUT 

Fig. 4-5— Full-wave clipping action with two zener diodes 
in opposition. The output level would be at a peak-to-peak 
voltage of twice the zener rating of a single diode. RI 
should have a resistance value sufficient to limit the current 

to the zener diode rating. 

the capacitance can be varied over a 10-to-i 
range with a bias change from 0 to — 100 volts. 
The current demand on the bias supply is on the 
order of a few mieroamperes. 

Typical applications include remote control 
of tuned circuits, automatic frequency control 
of receiver local oscillators, and simple frequency 
modulators for communications and for sweep-
tuning applications. 

Transistors 

Fig. 4-6 shows a " sandwich" made from two 
layers of p-type senneonductor material with 
a thin layer of n-type between. There are in 
effect two p-n jimetion diodes back to back. If a 
positive bias is applied to the 1)-type material at 
the left, current will flow through the left-
hand junction, the holes moving to the right 
and the electrons from the n-type material 
moving to the left. Some of the holes moving 
into the n-type material will combine with the 
electrons there and be neutialized, but some of 
them also will travel to the region of the right-
hand junction. 

If the p-n combination at the right is biased 
negatively, as shown, there would normally be 
no current flow in this circuit (see Fig. 4-1C). 
However, there are now additional holes avail-
able at the junction to travel to point B and 
electrons can travel toward point A, so a current 
can flow even though this section of the sandwich 
considered alone is biased to prevent conduction. 
Most of the current is between . 1 and B and does 
not flow out through the common connection to 
the ii-type material in the sandwich. 

N 

EMITTER COLLECTOR 

Fig. 4-6—The basic arrangement of a transistor. This 
represents a junction-type p-n-p unit. 

A semieonductor combination of this type is 
called a transistor, and I lit three sections are 
known as the emitter, base and collector, re-

spectively. The amplitude of the collector cur-
rent depends principally upon the amplitude of 
the emitter current; that is, the collector current 
is controlled by the emitter current. 

Power Amplification 

Because the collector is biased in the back 
direction the collector-to-base resistance is high. 
On the other hand, the emitter and collector 
currents are substantially equal, so the power 
in the collector circuit is larger than the power 
in the emitter circuit (P = 12 k, so the powers 
are proportional to the respective resistances, 
if the current is the same). In practical transistors 
emitter resistance is of the order of a few hundred 
ohms while the collector resist anee is hundreds 
or thousands of times higher, so power gains of 
20 to 40 di). or even more are possible. 

Types 

Tite transistor may be either of the point-
contact or junction type, as shown in Fig. 4-7. 
Also, the assembly of p- and n-type materials 
may be reversed; that is, ms-type material may 
be used instead of p-type for the emitter and 
collector, and p-type instead of ii-type for the 
base. Tite type shown in Fig. Hi is a p-n-p 
transistor, while the opposite is tI n-p-n. 

Point-Contact Transistors 

The point-rontact transi,:tor '1pm-it at the 
left in Fig. 4-7, has two "cat \\Iasi:ors" placed 
very dose together on the surface of a germa-
nium wafer, usually ii-type material. Small 
p-type areas are formed under each point during 
manufacture. This type of construction results 
in quite low intereleetrode capacitances, with the 
result that some point-contact transistors have 
been used at frequencies up to the vii. f. region. 
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Transistor Characteristics 
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The point-contact transistor is principally of 
historical interest, since it is now superseded by 
the junction type. It is difficult to manufacture, 
since the two contact points must be extremely 
close together if good characteristics are to be 
secured, part iru I: Iv for high-frequency work. 

Junction Transistors 

The junction transistor, the essential construc-
tion of which is shown at the center in Fig. 4-7, 
has higher capacitances and higher power-
handling capacity than the point-contact type. 
The " electrode" areas and thickness of the inter-
mediate layer have an important effect on the 
upper frequency limit. Ordinary junction transis-
tors may have cut-off frequencies (see next sec-
tion) up to 20 Mc. or so. The types used for audio 
and low radio frequencies usually have cut-off 
frequencies ranging from 500 to 1000 Ice. 
The upper frequency limit is extended consid-

erably in the drift transistor. This type has a 
particular form of distribution of impurities in 
the latse material resulting in the creation of an 
internal electric field that accelerates the carriers 
across the junction. Typical drift transistors have 
cut-off frequencies of the order of 100 Mc. 

Another type of transistor useful in high-fre-
quency work is the surface barrier transistor, 
using plated emitter and collector electrodes 
on a wafer of n-type material, as shown at 1 he 
right in Fig. -1-7 above. Surface barrier transis-
tors will operate at frequencies up to 60 or 75 
Mc. as amplifiers and oscillators. 

• TRANSISTOR CHARACTERISTICS 
An important characteristic of a transistor is 

its current amplification factor, usually desig-
nated w the symbol a. This is the ratio of the 
change in collector current to a small change in 
emitter current, measured in the common-latse 
circuit described later, and is comparable with t he 
voltage amplification factor ( ii) of a vacuum tube. 
The current amplification factor is almost, but 
not quite, 1 in a junction transistor. It is larger 
than 1 in the point-contact type, values in the 
neighborhood of 2 being typical. 
The a cut-off frequency is the frequency at 

which the current amplification drops 3 db. below 
its low-frequency value. Cut-off frequencies range 
from 500 kc. to frequencies in the v.h.f. 

At- type 
gated ke,2„, / Germanium Wafer 

Dot Plata( hewn 

Emitter collector 

erection 

SURFACE BARRIER TYPE 

Base 

SYMBOL 

Fig. 4-7—Point-contact, 
junction-type and sur-
face-barrier types of 
transistors with their 
circuit symbols. The plus 
and minus signs asso-
ciated with the symbols 
indicate polarities of 
voltages, with respect 
to the base, to be ap-
plied to the elements. 

region. The cut-off frequency indicates in a 
general way the frequency spread over which the 
transistor is useful. 
Each of the three elements in the transistor 

has a resistance associated with it. The emitter 
and collector resistances were discussed earlier. 
There is also a certain amount of resistance asso-
ciated with the base, a value of a few hundred to 
1000 ohms being typical of the base resistance. 
The values of all three resistances vary with 

t he type of transistor and the operating voltages. 
The collector resistance, in particular, is sensi-
tive to operating conditions. 

Characteristic Curves 

The operating characteristics of transistors 
can be shown by a series of characteristic curves. 
One such set of curves is shown in Fig. 4-8. It 

2 8 

eC 6 

q -4 

2 

g 0 -TO -20 -30 
COLLECTOR VOLTS 

Fig. 4-8—A typical collector-current vs. collector-voltage 
characteristic of a junction-type transistor, for various 
emitter-current values. The circuit shows the setup for 
taking such measurements. Since the emitter resistance is 
low, a current-limiting resistor, R, is connected in series 
with the source of current. The emitter current can be set at 
a desired value by adjustment of this resistance. 

shows the collector current vs. collector voltage 
for a number of fixed values of emitter current. 
Practically, the collector current depends almost 
entirely on the emitter current and is inde-
pendent of the collector voltage. The separation 
between curves representing equal steps of emit-
ter current is quite uniform, indicating that 
almost distortionless output can be obtained 
over the useful operating range of the transistor. 

Another type of curve is shown in Fig. 4-9, 
together with the circuit used for obtaining it. 
This also shows collector current vs. collector 
voltage, but for a number of different values of 
base current. In this case the emitter element is 
used as the common point in the circuit. The 
collector current is not independent of collector 
voltage with this type of connection, indicating 
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that the output resistance of the device is fairly 
low. The base current also is quite low, which 
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Fig. 4-9—Collector current vs. collector voltage for vari-
ous values of base current, for a junction-type transistor. 
The values are determined by means of the circuit shown. 

means that the resistance of the base-emitter 
circuit is moderately high with this method of 
connection. This may be contrasted with the 
high values of emitter current shown in Fig. 4-8. 

Ratings 

The principal ratings applied to transistors are 
maximum collector dissipation, maximum col-
ketor voltage, maximum collector current., and 
maximum emitter etirnait. voltage and cur-
rent ratings are self-explanatory. 
The collector dissipation is the power, usually 

express, 41 in milliwatts, that can safely be dissi-
pated by the transistor as heat. With some types 
of transistors provision is made for transferring 
heat rapidly through the container, and such 
units usually require installation on a heat, 
'sink.- or mount ing t hat rail absorb heat. 
Tic amount ni undistorted output power that 

can In, 1 (k -pends on the mikador voltage, 
the roll('(- tor current being practieally indels•nd-
(nit of the voltage in a given transistor. Increasing 
the eulleetor voltage extends the range of linear 
opera, ion, but must not be carried beyond the 
poin, \,.lwre either the voltage or dissipation 
ratiuu- ' ,weeded. 

e TRANSISTOR AMPLIFIERS 
Amplifier cirettits used with transistors fall 

into one of tiins• types, known as the grounded-
base, grounded-emitter, and grounded-collector 
circuits. These am shown in Fig. 4-10 in elemen-
tary form. The three circuits correspond approx-
imately to the grounded-grid, grounded-cathode 
and cathode-follower circuits, respectively, used 
with vacuum tubes. 
The important transistor parameters ill these 

circuits are the short-circuit current transfer 
ratio, the cut-off frequency, and the input and 
output impedances. The short-circuit current 
transfer ratio is tlw ratio of a small change in 
output current to the change in input current 
that causes it, the output circuit being short-
eircuit Tile cult-off frotawiley is t lie frequency 
at which the amplification decreases by 3 db. 
imm its value at some frequency well below that 
at which frequency effects begin to assume impor-
taller. The input and output impedances are, 
respect ism.ly, the imiwtkuice which a signal source 
working into the transistor would see, and the 
internal output impedance of the transistor 

(corresponding to the plate resistance of a vac-
uum tube, for example). 

Grounded-Base Circuit 

The input circuit of a grounded-base amplifier 
must be designed for low impedance. since the 
emitter-to-base resistance is of the order of 25 //,, 
ohms, where /e is the emitter current in milli-
amperes. The optimum output load impedance, 
RL, may range from a few thousand ohms to 
100,000, depending upon the requirements. 
The current transfer ratio is a and the cut-off 

frequency is as defined previously. 
In this circuit the phase of the output (collec-

tor) current is the same as that of the input 
(emitter) current. The parts of these currents 
that flow through the base resistance are like-
wise in phase, so the circuit tends to be regenera-
tive and will oscillate if the current amplification 
factor is greater than 1. A junction transistor is 
stable in this circuit since a is less than 1, but 
a point-contact transistor will oscillate. 

Grounded-Emitter Circuit 

The grounded-emitter circuit shown in Fig. 4-10 
corresponds to the ordinary grounded-cathode 
vacuum-tube amplifier. As indicated by the 
curves of Fig. 4-9, the base current is small and 
the input impedance is therefore fairly high — 
several thllllsillnl ohms in the average case. The 
collector resistance is some tens of thousands of 
ohms, depending on the signal source impedance. 
The current transfer ratio in the common-emitter 
circuit is equal to 

a 

1 — a 

Since a is close to 1 (0.98 or higher being repre-
sentative), the short-circuit current gain in the 
grounded-emitter circuit may be 50 or more. 
The cut-off frequency is equal to the a cut-off 
frequency multiplied by ( 1 — a), and therefore 
is relatively low. ( For example, a transistor with 
an a cut-off of 1000 kc. and a = 0.98 would 
have a cut-off frequency of 1000 X 0.02 = 20 
ke. in the grounded-emitter circuit.) 

Within its frequency limitations, the grounded-
emitt er circuit gives the highest power gain of the 
three. 

In this circuit the phase of the output (col-
lector) current is opposite to that of the input 
(base) current so such feedback as occurs through 
the small emitter resistance is negative and the 
amplifier is stable with either junction or point-
contact transistors. 

Grounded-Collector Circuit 

Like the vacuum-tube cathode follower, the 
grounded-collector transistor amplifier has high 
input impedance and low output impedance. The 
latter is approximately equal to the impedance of 
the signal input source multiplied by ( 1 — a). 
The input resistance depends on the load resist-
ance, being approximately equal to the load 
resistance divided by ( 1 — a). The fact that 
input resistance is directly related to the load 
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sistor amplifier circuits. 
RL, the load resistance, 
may be an actual re-
sistor or the primary of 
a transformer. The input 
signal may be supplied 
from a transformer sec-
ondary or by resistance-
capacitance coupling. 
In any case it is to be 
understood that a d.c. 
path must exist be-
tween the base and 
emitter. 

P-n-p transistors are 
shown in these circuits. 
If n-p-n types are used 
the battery polarities 
must be reversed. 

resistIlIlle is a disadvantage of this type of am-
plifier if the load is one whose resistance or 
impedance varies with frequency. 
The current transfer ratio with this circuit is 

1 

1 — a 
and the cut-off frequency is the same 88 in the 
grounded-emitter circuit. The output and input 
currents are in phase. 

Practical Circuit Details 

The transistor is essentially a low-voltage 
device, so the use of a battery power supply 
rather than a rectified-a.c. supply is quite com-
mon. Usually, it is more convenient to em-
ploy a single battery as a power source in pref-
erence to the two-battery arrangements shown in 
Fig. 4-10, so most circuits are designed for single-
battery operation. Provision must be included, 
therefore, for obtaining proper biasing voltage 
for the emitter-base circuit from the battery that 
supplies the power in the collector circuit. 

SIGNAL 
Fig. 4-10—Basic tran- INPUT 

1111 - 

BASE 

SIGNAL 
INPUT 

SIGNAL 
INPUT 

(i)  

COMMON 

COMMON EMITTER 

COMMON COLLECTOR 

Coupling arrangements for introducing the 
input signal into the circuit and for taking out 
the amplified signal are similar to those used with 
vacuum tubes. However, the actual component 
values will in general be quite different from 
those used with tubes. This is because the imped-
ances associated with the input and output 
circuits of transistors may differ widely from the 
comparable impedances in tube circuits. Also, d.e. 
voltage drops in resistances may require more 
careful attention with transistors because of the 
much lower voltage available from the ordinary 
battery power source. Battery economy becomes 
an important factor in circuit design, both with 
respect to voltage required and to overall current 
drain. A bias voltage divider, for example, easily 
may use more power than the transistor with 
which it is associated. 

Typical single-battery grounded-emitter cir-

TRANSFORMER COUPLING 

SIGNAL fi 
INPUT 

Ill 

OUTPUT 

RESISTANCE COUPLING 

Fig. 4- 11—Practical grounded-emitter circuits using trans-
former and resistance coupling. A combination of either 
also can be used—e.g., resistance-coupled input and 
transformer-coupled output. Tuned transformers may be 
used for r.f, and i.f. circuits. 

With small transistors used for low-level amplification 
the input impedance will be of the order of 1000 ohms 
and the input circuit should be designed for an imped-
ance step-down, if necessary. This can be done by ap-
propriate choice of turns ratio for Ti or, in the case of 
tuned circuits, by tapping the base down on the tuned 
secondary circuit. In the resistance-coupled circuit R2 

should be large compared with the input impedance, 
values of the order of 10,000 ohms being used. 

In low-level circuits R1 will be of the order of 1000 
ohms. R3 should be chosen to bias the transistor to the 
desired no-signal collector current; its value depends on 
R; and Rs (see text). 

cuits are shown in Fig. 4-11. RI, in series with 
the emitter, is for the purpose of " swamping 
out" the resistance of the emitter-base diode; this 
swamping helps to stabilize the emitter current. 
The resistance of R1 should be large compared 
with that of the emitter-base diode, which, as 
stated earlier, is approximately equal to 25 
divided by the emitter current in ma. 

Since the current in R1 flows in such a direction 
as to bias the emitter negatively with respect to 
the base (a p-n-p transistor is assumed), a hase-
emitter bias slightly greater than the drop in R1 
must be supplied. The proper operating point is 
achieved through adjustment of voltage divider 
R2R3, the constants of which are chosen to give 
the desired value of collector current at the no-
signal operating point. 

In the transformer-coupled circuit, input signal 
currents flow through R1 and R2, and there would 
be a loss of signal power at the base-emitter diode 
if these resistors were not bypassed by C1 and C2. 
The capacitors should have low reactance com-
pared with the resistances across which they are 
connected. In the resistance-coupled circuit R2 
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has the dual function of acting as part of the bias 
voltage divider and as part of the load resistance 
for the signal-input source. Also, as seen by the 
signal source, R3 is in parallel with R2 and thus 
becomes part of the input load resistam.y. 
must therefore have low reactance compared with 
the net resistance of the parallel combination of 
R2, R3 and the base-to-emitter resistance of the 
transistor. The reactance of C4 will depend on 
the impedance of the load into which the circuit 
delivers output. 
The output load resistance in the transformer-

coupled case will be the actual load as reflected 
at the primary of the transformer, and its proper 
value will be determined by the transistor char-
acteristics and the type of operation (Class A, B, 
vie.). The value of in the resistance-coupled 
case is usually such as to permit the maximum 
a.c. voltage swing in the collector circuit without 
undue distortion, since Class A operation is 
usual with this type of amplifier. 

Bias Stabilization 

Transistor currents are rather sensitive to tem-
perature variations, and so the operating point 
tends to shift as the transistor heats. The shift in 
operating point unfortunately is in such a direc-
tion as to increase the heating, leading to " ther-
mal runaway" and possible destruction of the 
transistor. The heat developed depends on the 
amount of power dissipated in the transistor, so 
it is obviously advantageous in this respect to 
operate with as little internal dissipation as 
possible: i.e., the d.c. input should be kept to 
the lowest value that will permit the type of 
operation desired, and in any event should never 
exceed the rated value for the particular transistor 
used. 
A contributing factor to the shift in operating 

point is the collector-to-base leakage current 
(usually designated 1) — that is, the current 
that flows from collector to base with the emitter 
connection open. This current, which is highly 
temperature sensitive, has the effect of increas-
ing the emitter current by an amount much 
larger than /c,, itself, thus shifting the operating 
point in such a way as to increase the collector 
current. This effect is reduced to the extent that 
le. can lw made to flow out of the base terminal 
rather than through the base-emitter diode. In 
the circuits of Fig. 4-11, bias stabilization is 
improved by making the resistance of Ri as large 
as possiltle and both le., and le, as small as possi-
ble, consistent with other considerations such as 
gain and battery economy. 

• TRANSISTOR OSCILLATORS 
Since more power is available from the output 

circuit than is necessary for its generation in the 
input circuit, it is possible to use some of the 
output power to supply the input circuit and 
thus sustain self-oscillation. Representative oscil-
lator circuits are shown in Fig. 4-12. Their resem-
blance to the similarly-named vacuum-tube 
circuits is evident. 

HARTLEY 

TICKLER 

COLPIT IS 

Fig. 4-12—Typical transistor oscillator circuits. Com-
ponent values ore discussed in the text. 

The upper frequency limit for oscillation is 
principally a function of the cut-off frequency 
of the transistor used, and oscillation will cease 
at the frequency at which there is insufficient 
amplification to supply the energy required to 
overcome circuit losses. Transistor oscillators 
usually will operate up to, and sometimes well 
beyond, the a cut-off frequency of the particular 
transistor used. 
The approximate oscillation frequency is that 

of the tuned circuit, Lei. Ri, R2 and R.3 have the 
same functions as in the amplifier circuits given 
in Fig. 4-11. Capacitors C2 and C3 are bypass or 
blocking capacitors and should have low react,-
ance compared with the resistances with which 
they are associated. 

Feedback in these circuits is adjusted in the 
same way as with tube oscillators. In the Hartley 
circuit it is dependent on the position of the tap 
on the tank coil; in the tickler circuit, on the 
number of turns in L2 and degree of coupling 
between Li and L2; and in the Colpitts circuit, 
on the ratio of the tank capacitam•e between 
hase and emitter to the tank capacitance between 
collector and emitter. 
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CHAPTER 5 

High-Frequency 
Receivers 
A good receiver in the amateur station makes 

the difference between mediocre contacts and 
solid QS0s, and its importance cannot be over-
emphasized. In the less crowded v.h.f. bands, 
sensitivity (the ability to bring in weak signals) 
is the most important factor in a receiver. In the 
more crowded amateur bands, good sensi-
tivity must be combined with selectivity (the 
ability to distinguish between signals separated 
by only a small frequency difference). To receive 
weak signals, the receiver must furnish enough 
amplification to amplify the minute signal power 
delivered by the antenna up to a useful amount of 
power that will operate a loudspeaker or set 
of headphones. Before the amplified signal can 
operate the speaker or phones, it must be el m-
verted to audio-frequency power by the process of 
detection. The sequence of amplification is not 
too important — some of the amplification can 
take place (and usually does) before detection, 
and some can be used after detection. 
There are major differences between receivers 

for phone reception and for code reception. An 
a.m. phone signal has side bands that make the 
signal take up about 6 or 8 kc. in the band, and 
the audio quality of the received signal is im-
paired if the bandwidth is less than half of this. 
A code signal occupies only a few hundred cycles 
at the most, and consequently the bandwidth of 
a code receiver can be small. A single-sideband 
phone signal takes up 3 to 4 kc., and the audio 
quality can be impaired if the bandwidth is much 
less than 3 kc. although the intelligibility will 
hold up down to around 2 ke. In any ease, if the 
bandwidth of the receiver is more than nec-

essary, signals adjacent to the desired one can be 
heard, and the selectivity of the receiver is less 
than maximum. The detection process delivers 
directly the audio frequencies present as modula-
tion on an a.m. phone signal. There is no modula-
tion on a code signal, and it is necessary to intro-
duce a second radio frequency, differing from the 
signal frequency by a suitable audio frequency, 
into the detector circuit to produce an audible 
beat. The frequency difference, and hence the 
beat note, is generally made on the order of 500 
to 1000 cycles, since these tones are within the 
range of optimum response of both the ear and 
the headset. There is no carrier frequency present 
in an s.s.b. signal, and this frequency must be fur-
nished at the receiver before the audio can be 
recovered. The same source that is used in code 
reception can be utilized for the purpose. If the 
source of the locally generated radio frequency is 
a separate oscillator, the system is known as 
heterodyne reception; if the detector is made to 
oscillate and produce the frequency, it is known 
as an autodyne detector. Modern superhetero-
dyne receivers generally use a separate oscillator 
(beat oscillator) to supply the locally generated 
frequency. Summing up the differences, phone 
receivers can't use as much selectivity as code 
receivers, and code and s.s.b. receivers require 
some kind of locally generated frequency to give 
a readable signal. Broadcast receivers can receive 
only a.m. phone signals because no beat oscillator 
is included. Communications receivers include 
beat oscillators and often some means for varying 
the selectivity. With high selectivity they often 
have a slow tuning rate. 

Receiver Characteristics 

Sensitivity 

In commercial circles "sensitivity" is defined as 
the strength of the signal (in microvolts) at the 
input of the receiver that is required to produce 
a specified audio power output at the speaker or 
headphones. This is a satisfactory definition for 
broadcast and communications receivers operat-
ing below about 20 Mc., where atmospheric 
and man-made electrical noises normally mask 
any noise generated by the receiver itself. 

Another commercial measure of sensitivity 
defines it as the signal at the input of the re-
ceiver required to give a signal-plus-noise output 
some stated ratio (generally 10 db.) above the 
noise output of the receiver. This is a more useful 
sensitivity measure for the amateur, since it 
indicates how well a weak signal will be heard and 

is not merely a measure of the over-all amplifica-
tion of the receiver. However, it is not an absolute 
method, because the bandwidth of the receiver 
plays a large part in the result. 
The random motion of the molecules in the 

antenna and receiver circuits generates small 
voltages called thermal-agitation noise voltages. 
Thermal-agitation noise is independent of fre-
quency and is proportional to the (absolute) 
temperature, the resistance component of the 
impedance across which the thermal agitation is 
produced, and the bandwidth. Noise is generated 
in vacuum tubes by random irregularities in the 
current flow within them; it is convenient to ex-
press this shot-effect noise as an equivalent re-
sist anee in the grid cireuit of a noise- free tube. 
This equivalent noise resistance is the resistance 
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(at room temp( tuve) that placed in the grid 
circuit of a noise-free tube will produce plate-
circuit noise equal to that of the actual tube. The 
equivalent noise resistance of a vacuum tube in-
creases with frequency. 
An ideal receiver would generate no noise in its 

tubes and circuits, and the minimum detectable 
signal would be limited only by the thermal noise 
in the antenna. In a practical receiver, the limit 
is detrinined by how well the amplified antenna 
noise tv rit It t he other noise in the plate circuit 
of the input stage. ( It is assumed that the first 
stage in any good receiver will be the determining 
factor; the noise emit ributions of subsequent 
stages should be insignificant by comparison.) At 
frequencies below 20 or 30 Mc. the site noise 
(atmospheric and man-made noise) is generally 
the limiting factor. 
The degree to which a practical receiver ap-

proaches the quiet ideal receiver of the same 
bandwidth is given by the noise figure of the 
receiver. Noise figure is defined as the ratio of the 
signal-to-noise power ratio of the ideal receiver to 
the signal-to-noise power ratio of the actual re-
ceiver output. Sit ne t he noise figure is a ratio, it is 
usually given in deeilwls; it runs around 5 to 10 
lit. nit. a good communications receiver below 30 
I v. \ It hough noise figures of 2 to 4 db. can be 

oltt:tit titi, t hey are of little or no use below 30 Mc. 
except ii extremely quiet locations or when a very 
small antenna is used. The noise figure of a re-
ceiver is not modified by changes in bandwidth. 

Selectivity 

Selectivity is the ability of a receiver to 
discriminate against signals of frequencies 
differing from that of the desired signal. The 
over-all selectivity will depend upon the se-
lectivity of the individual tuned circuits and 
the number of such circuits. 
The selectivity of a receiver is shown graph-

ically by drawing a curve that gives the ratio 
of signal strength required at various frequen-
cies off resonance to the signal strength at 
resonance, to give constant output. A reso-
nance curve of this type is shown in Fig. 5-1. 
The bandwidth is the width of the resonance 
curve (in cycles or kilocycles ) of a receiver at a 
specified ratio; in Fig. 5-1, the bandwidths are 
indicated for ratios of response of 2 and 10 ("6 
db. down" and " 20 ( lb. (1own"). 
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Fig. 5-1—Typical selectivity curve of a modern super-
heterodyne receiver. Relative response is plotted against 
deviations above and below the resonance frequency. 
The scale at the left is in terms of voltage ratios, the cor-

responding decibel steps are shown at the right. 

The bandwidth at 6 dl,. down must be sufficient 
to pass the signal and its sidebands if faithful 
reproduction of the signal is desired. However, in 
the crowded amateur bands, it is generally advisa-
ble to sacrifice fidelity for intelligibility. The 
ability to reject adjacent-channel signals depends 
upon the skirt selectivity of the receiver, which is 
determined by the bandwidth at high attenua-
tion. In a receiver wit It good skirt selectivity, the 
ratio of the 6-db. bandwidth to the 60-db. band-
width will be about 0.25 for code and 0.5 for 
phone. The minimum usable bandwidth at 6 dl,. 
down is about 150 cycles for code reception and 
about 2000 cycles for phone. 

Stability 

The stability of a receiver is its ability to 
"stay put" on a signal under varying conditions 
of gain-control setting, temperature, supply-
voltage changes and mechanical shock and dis-
tortion. The term " in ¡ stable" is also applied to a 
receiver that breaks into oscillation or a regenera-
tive condition with some settings of its controls 
that are not specifically intended to control such 
a condition. 

20 

Detection and Detectors 
Detection is the process of recovering the 

nnslulati, ti t from a signal (see "Modulation, 
Uetetttivttimig and Beats"). Any device that is 
"nonlinear" ( i.e., whose output is not exactly 
proportional to its it Put) will act as a detector. 
It can be used as a detector if an impedance 
for the desired modulation frequency is con-
nected in the output circuit. 

Detector sensitivity is the ratio of desired 
detector output to the input. Detector linear-
ity is a measure of the ability of the detector to 

reproduce t he exact 1,, 1,, ot t lit modulation 
on the incoming signal. The resistance or im-
pedance of the detector is the resistance or 
impedance it presents to the circuits it is con-
nected to. The input resistance is impe•rtant 
in receiver design, since if it is relatively low it 
means that the detector will consume power, 
and this power must be furnished by the pre-
ceding stage. The signal-handling capability 
means the ability to accept signals of a specified 
amplitude without overloading or distortion. 
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Diode Detectors 

The simplest detector for a.m. is the diode. A 
galena, silicon or germanium crystal is an 
imperfect form of diode (a small current can 
pass in the reverse direction), and the principle 
or detection in a crystal is similar to that in a 
vacuum-tube diode. 

Circuits for both half-wave and full-wave 
diodes are given in Fig. 5-2. The simplified 
half-wave circuit at 5-2A includes the r.f. 
tuned circuit, L2Ci, a coupling coil, LI, from 
which the r.f. energy is fed to L2Ci, and the 
(liode, I), with its load resistance, RI, and by-
Pass capacitor, C2. The flow of rectified r.f. 
current causes a d.c. voltage to develop across 
the terminals of RI. The — and -I- signs show 
the polarity of the voltage. The variation in 
amplitude of the r.f. signal with modulation 
causes corresponding variations in the value of 
the d.c. voltage across RI. In audio work the 
load resistor, RI, is usually 0.1 megohm or 

A F OUTPUT 

L1 
R F INPUT 

A F OUTPUT 

(C) 

A F OUTPUT 
Fig. 5-2—Simplified and practical diode detector circuits. 
A, the elementary half-wave diode detector; B, a practical 
circuit, with r.f. filtering and audio output coupling; C, full-
wave diode detector, with output coupling indicated. The 
circuit, L2Ci, is tuned to the signal frequency; typical values 
for C2 and Ri in A and C are 250 ppf. and 250,000 ohms, 
respectively; in B, C2 and C3 are 100 µIA. each; Ri, 50,000 
ohms; and R2, 250,000 ohms. CS is 0.1 µf. and R3 may be 

0.5 to 1 megohm. 

higher, so that a fairly large voltage will develop 
from a small rectified-current flow. 
The progress of the signal through the de-

tector or rectifier is shown in Fig. 5-3. A typi-
cal modulated signal as it exists in the tuned 

*adulated 111:111 
sea /applied 
to detector 

till 
(A) 

Signal 141 

ectark,ert,„ M. hh. ,P1 (B) 

varengdc. tf"\y\, (C) 
afterrf is   
filtered out ° 

Althlerropeng f 
(D) coupling 0 

condenser 
Fig. 5-3—Diagrams showing the detection process. 

circuit is shown at . \ . When this signal is ap-
plied to the rectifier tube, current will flow 
only during the part of the r.f. cycle when 
the plate is positive with respect to the cath-
ode, so that the output of the rectifier consists 
of half-cycles of r.f. These current pulses flow 
ill the load circuit comprised of R1 and C2, the 
resistance of Ri and the capacity of C2 being so 
proportioned that C2 charges to the peak value 
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the 
voltage across R1 is smoothed out, as shown in 
C. C2 thus acts as a filter for the radio-fre-
quency component of the output of the recti-
fier, leaving a d.c. component that varies in 
the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap-
plied to a following amplifier through a cou-
pling capacitor (C4 in Fig. 5-2), only the twirl-
lions in voltage are transferred, so that the final 
output signal is a.c., as shown in I). 

In the circuit at 5-2B, R1 and C2 have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any r.f. voltage in the output 
of the detector, because it may cause overload-
ing of a succeeding amplifier tube. The audio-
frequency variations can be transferred to 
another circuit through a coupling capacitor, 
C4, to a load resistor, R3, which usually is a 
"potentiometer" so that the audio volume can 
be adjusted to a desired level. 

Coupling to the potentiometer (volume con-
trol) through a capacitor also avoids :my flow 
of d.c. through the control. The flow of d.c. 
through a high-resistance volume control often 
tends to make the control noisy (scratchy) after 
a short while. 
The full-wave diode circuit at 5-2C differs 
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in operation from the half-wave circuit only in 
that both halves of the r.f. cycle are utilized. 
The full-wave circuit has the advantage that 
r.f. filtering is easier than in the half-wave circuit. 
As a result, less attenuation of the higher audio 
frequencies will be obtained for any given degree 
of r.f. filtering. 
The reactance of C2 must be small compared 

to the resistance of Ri at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to Rt. If the capacity 
of C2 is too large, response at the higher audio 
frequencies will be lowered. 
Compared with other detectors, the sensitiv-

ity of the diode is low, normally running around 
0.8 in audio work. Since the diode consumes 
power, the Q of the tuned circuit is reduced, 
bringing about a reduction in selectivity. The 
loading effect of the diode is close to one-half the 
load resistance. The detector linearity is good, 
and the signal-handling capability is high. 

Plate Detectors 

The plate detector is arranged so that recti-
fication of the r.f. signal takes place in the plate 
circuit of the tube. Si itlicient negative bias is ap-

+9 
(A) 

(B) -8 4.8 

A F 
OUTPUT 

C4 

F 
OUT-
PUT 

Fig. 5-4—Circuits for plate detection. A, triode; B, pen-
tode. The input circuit, LC:, is tuned to the signal frequency. 
Typical values for the other components are: 

Com-
ponent Circuit A Circuit 8 

C2 0.5 µf. or larger. 
C3 0.001 to 0.002 pf. 
C4 0.1 µf. 
Cs 
R: 25,000 to 150,000 ohms. 
R2 50,000 to 100,000 ohms. 
R3 

R4 

RFC 2.5 mh. 

Plate voltages from 100 to 250 volts may be used. Effec- A tube having a medium amplification factor (about 20) 
tive screen voltage in B should be about 30 volts, should be used. Plate voltage should be 250 volts. 

0.5 0. or larger. 
250 to 500 µµf. 
0.1 0. 
0.5 µf. or larger. 
10,000 to 20,000 ohms. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 
2.5 mh. 

plied to the grid to bring the plate current nearly 
to the cut-off point, so that application of a 
signal to the grid circuit causes an increase in 
average plate current. The average plate current 
follows the changes in signal in a fashion similar 
to the rectified current in a diode detector. 

Circuits for triodes and pentodes are given 
in Fig. 5-4. Ca is the plate bypass capacitor, 
and, with RFC, prevents r.f. from appear-
ing in the output. The cathode resistor, Ri, pro-
vides the operating grid bias, and C2 is a bypass 
for both radio and audio frequencies. R2 is the 
plate load resistance and C. is the output coupling 
capacitor. In the pentode circuit at B, R3 and 
R4 form a voltage divider to supply the proper 
screen potential (about 30 volts), and C5 is a 
bypass capacitor. C2 and Cb must have low 
reactance for both radio and audio frequencies. 

In general, transformer coupling from the 
plate circuit of a plate detector is not satisfac-
tory, because the plate impedance of any tube 
is very high when the bias is near the plate-
current cut-off point. Impedance coupling may 
be used in place of the resistance coupling shown 
in Fig. 5-4. Usually 100 henrys or more inductance 
is required. 
The plate detector is more sensitive than 

the diode because there is some amplifying action 
in the tube. It will handle large signals, but is not 
so tolerant in this respect as the diode. Linearity, 
with the self-biased circuits shown, is good. Up 
to the overload point the detector takes no power 
from the tuned circuit, and so does not affect 
its Q and select ivil V. 

Infinite-Impedance Detector 

The circuit of Fig. 5-5 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it connects to. 
The circuit resembles that of the plate detector, 
except that the load resistance, RI, is connected 
between cathode and ground and thus is common 
to both grid and plate circuits, giving negative 
feedback for the audio frequencies. The cath-
ode resistor is bypassed for r.f. but not for 
audio, while the plate circuit is bypassed to 

ti 
R 

+B AF 
OUTPUT 

Fig. 5-5—The infinite-impedance detector. The input cir-
cuit, L2C1, is tuned to the signal frequency. Typical values 
for the other components are: 

C2-250 µµf. 
C3-0.5 0. 
C4-0.1 0. 

Ri-0.15 megohm. 
R2-25,000 ohms. 
123-0.25-megohm volume control. 
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ground for both audio and radio frequencies. 
An r.f. filter can be connected between the 
cathode and CI to eliminate any r.f. that might 
otherwise appear in the output. 
The plate current is very low at no signal, 

increasing with signal as in the case of the plate 
detector. The voltage drop across Ri consequently 
increases with signal. Because of this and the 
large initial drop across RI, the grid usually 
cannot be driven positive by the signal, and no 
grid current can be drawn. 

Product Detector 

The product detector circuits of Fig. 5-6 are 
useful in s.s.b. and code reception because they 
minimize intermodulation at the detector. In 
Fig. 5-6A, two triodes are used as cathode fol-
lowers, for the signal and for the b.f.o., working 
into a common cathode resistor ( 1000 ohms). The 
third triode also shares this cathode resistor and 
consequently the same signals, but it has an 
audio load in its plate circuit and it operates at 
a higher grid bias (by virtue of the 2700-ohm 
resistor in its cathode circuit). The signals and 
the b.f.o. mix in this third triode. If the b.f.o, 
is turned off, a modulated signal running through 
the signal cathode follower should yield little or 
no audio output from the detector, up to the 
overload point of the signal cathode follower. 
Turning on the b.f.o. brings in modulation, be-
cause now the detector output is the product of 
the two signals. The plates of the cathode fol-
lowers are grounded and filtered for the i.f., and 
the 4700-ad. capacitor from plate to ground in 
the output triode furnishes a bypass at the i. f. 
The b.f.o. voltage should be about 2 r.m.s., and 
the signal should not exceed about 0.3 volts 
r.M.S. 
The circuit in Fig. 5-6B is a simplification re-

quiring one less triode. Its principle of operation 
is substantially the same except that the addi-
tional bias for the output tube is derived from 
rectified b.f.o. voltage across the 100,000-ohm 

01p1 

±4700  
AUf 

+250 

AF 
AMP 

1 mtg. 

Fig. 5-6—Two versions of the 
"product detector" circuit. In 
the circuit at A separate tubes 
are used for the signal circuit 
cathode follower, the b.f.o. 
cathode follower and the mixer 
tube. In B the mixer and b.f.o. 
follower are combined in one 
tube, and a low-pass filter is 

used in the output. 

resistor. More elaborate r.f. filtering is shown in 
the plate of the output tube (2-mh. choke and 
the 220-aaf. capacitors), and the degree of plate 
filtering in either circuit will depend upon the 
frequencies involved. At low intermediate fre-
quencies, more elaborate filtering is required. 

• REGENERATIVE DETECTORS 

I v providing controllable r.f. feedback (re-
genurat ion ) in a triode or pentode detector 
circuit, the incoming signal can be amplified 
many times, thereby greatly increasing the 
sensitivity of the detector. Regeneration also 
increases the effective Q of the circuit and thus 
the selectivity. The grid-leak type of detector is 
most suitable for the purpose. 
The grid-leak detector is a combination diode 

rectifier and audio-frequency amplifier. In the 
circuit of Fig. 5-7A, the grid corresponds to the 
diode plate and the rectifying action is exactly 
the same as in a diode. The d.c. voltage from 
rectified-current flow through the grid leak, 
RI, biases the grid negatively, and the audio-
frequency variations in voltage across RI are 
amplified through the tube as in a normal a.f. 
amplifier. In the plate circuit, 112 is the plate load 
resistance and C3 and RFC a filter to eliminate r.f. 
in the output circuit. 
A grid-leak detector has considerably greater 

sensitivity than a diode. The sensitivity is further 
increased by using a screen-grid tube instead of a 
triode. The operation is equivalent to that of the 
triode circuit. The screen bypass capacitor 
should have low reactance for both radio and 
audio frequencies. 
The circuit in Fig. 5-7B is regenerative, the 

feedback being obtained by feeding some signal 
from the plate circuit back to the grid by induc-
tive coupling. The amount of regeneration must 
be controllable, because maximum regenerative 
amplification is secured at the critical point where 
the circuit is just about to oscillate. The critical 
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R F 
INPUT 

RFC 

(A) 

RFC 

(B) 

point in turn depends upon circuit conditions, 
which may vary with the frequency to which the 
detector is tuned. An oscillating detector can be 
detuned slightly from an incoming c.w. signal to 
give autodyne reception. 
The circuit of Fig. 5-713 uses a variable by-

pass capacitor, CS, in the plate circuit to control 
regeneration. When the eapacitance is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance becomes smaller 
until there is sufficient feedback to cause 
oscillation. If L2 and L3 are wound end-to-end in 
the same direction, the plate connection is to the 
outside of the plate or "tickler" coil, L3, 

when the grid connection is to the outside end of 

Lz. 
Although the regenerative grid-leak detector is 

more sensitive than any other type, its many 
disadvantages commend it for use only in the 
simplest receivers. The linearity is rather poor, 
and the signal-handling capability is limited. 
The signal-handling capability can be improved 
by reducing R1 to 0.1 megohm, but the sensitivity 
will be decreased. The degree of antenna coupling 
is often critical. 

TO He. AUDIO 
4 AMR 

Tuning 

For c.w. reception, the regeneration control 
is advanced until the detector breaks into a 
"hiss," which indicates that the detector is 
oscillating. Further advancing the regenera-
tion control will result in a slight decrease in 
the hiss. 
The proper adjustment of the regeneration 

control for best reception of code signals is 
where the detector just starts to oscillate. Then 
code signals can be tuned ill and will give a tone 
with each signal depetuling on the setting of the 
tuning control. As the receiver is tuned through 
a signal the tone first will be heard as a very 
high pitch, then will go down through "zero 
beat" and rise again on the other side, finally 
disappearing at a very high pitch. This behavior 

Fig. 5-7—(A) Triode grid- leak detector combines diode 
detection with triode amplification. Although shown here 

with resistive plate load, R2, an audio choke coil or 
transformer could be used. 

(B) Feeding some signal from the plate circuit back to 
the grid makes the circuit regenerative. When feedback 
is sufficient, the circuit will oscillate. Feedback is controlled 
here by varying reactance at C5; with fixed capacitor at 
that point regeneration could be controlled by varying 
plate voltage or coupling between L2 and L3. 

TO 
AUDIO 
AMR 

is shown in Fig. 5-8. A low-pitched beat-note 
cannot be obtained from a strong signal be-
cause the detector " pulls in" or " blocks"; 
that is, the signal forces the detector to 
oscillate at the signal frequency, even though 
the circuit may not be tuned exactly to the 
signal. It usually mil lw corrected by ad-
vancing the regeneration control until the 
beat-note is heard again, or by reducing the 
input signal. 
The point just after the detector starts 

oscillating is the most sensitive condition for 
code reception. Further advancing the regenera-
tion control makes the receiver less prone to block-
ing, but also less sensitive to weak signals. 

If the detector is in the oscillating condi-
tion and a phone signal is tuned in, a steady 
audible beat-note will result. While it is possible 
to listen to phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to reduce 
the regeneration to the point just before the 
receiver goes into oscillation. This is also the 
most sensitive operating point. 

Single-sideband phone signals can be received 
with a regenerative detector by advancing the 
regeneration control to the point used for code 
reception and tuning carefully across the s.s.b. 
signal. The tuning will be very critical, however, 
and the operator must be prepared to just "creep" 
across the signal. A strong signal will pull the 
detector and make reception impossible, so either 
the regeneration must be advanced far enough 
to prevent this condition, or the signal must 
be reduced by using loose antenna coupling. 
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Fig. 5-8—As the tuning dial of a receiver is turned past 
a code signal, the beat-note varies from o high tone down 

through "zero beat" (no audible frequency difference) 
and back up to a high tone, as shown at A, B and C. The 
curve is a graphical representation of the action. The beat 
exists past 8000 or 10,000 cycles but usually is not heard 

because of the limitations of the audio system. 
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Band Spreading 

Tuning and Band-Changing Methods 

Band-Changing 

The resonant circuits that are tuned to the 
frequency of the incoming signal constitute a 
special problem in the design of amateur re-
ceivers, since the amateur frequency assign-
ments consist of groups or bands of frequencies 
at widely-spaced intervals. The same coil and 
tuning capacitor cannot be used for, say, 14 Me. 
to 3.5 Mc., because of the impracticable maxi-
mum-to-minimum capacity ratio required, and 
also because the tuning would be excessively 
critical with such a large frequency range. It is 
necessary, therefore, to provide a means for 
changing the circuit constants for various fre-
quency bands. As a matter of convenience the 
same tuning capacitor usually is retained, Ind 
new coils are inserted in the circuit for each band. 
One method of changing inductances is to use 

a switch having an appropriate number of con-
tacts, which connects the desired coil and discon-
nects the others. The unused coils are sometimes 
short-circuited by the switch, to avoid the possi-
bility of undesirable self-resonances in the un-
used coils. This is not necessary if the coils are 
separated from each other lty several coil diame-
ters, or are mounted at right angles to each other. 
Another method is to use coils wound on 

forms with contacts (usually pins) that can 
be plugged in and removed from a socket. These 
plug-in coils are advantageous when space in a 
multiband receiver is at a premium. They are also 
very useful when considerable experimental work 
is involved, because they are easier to work on 
than coils clustered around a switch. 

Bandspreczding 

The tuning range of a given coil and variable 
capacitor will depend upon the inductance of 
the coil and the change in tuning capacity. For 
ease of tuning, it is desirable to adjust the tun-
ing range so that practically the whole dial 
scale is occupied by thé band in use. This is 
called bandspreading. Because of the varying 
widths of the bands, special tuning methods 
must be devised to give the correct maximum-
minimum capacity ratio on each band. Several 
of these methods are shown in Fig. 5-9. 

Fig. 5-9—Essentia!s of 
the three basic band-
spread tuning systems. 

In A, a small bandspread capacitor, C1 ( 15-
to 25-µ2f. maximum capacity), is used in par-

allel with a capacitor, C2, whiull is usually large 
enough (100 to 140 puf.) to cover a 2-to-1 
frequency range. The setting of C2 will de-
termine the minimum capacitance of the circuit, 
and the maximum capacity for bandspread 
tuning will be the maximum capacity of C1 
plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum-
minimum ratio will give adequate bandspread. 
It is almost impossible, because of the non-
harmonic relation of the various band limits, to 
get full bandspread on all bands with the same 
pair of capacitors. C2 is variously called the 
band-setting or main-tuning capacitor. It must 
be reset each time the band is changed. 
The met hod shown ; it B makes use of capaci-

toN in series. The t uning capacitor, C1, may have 
a maximum capacitance of 100 mgr. or more. The 
minimum capacitance is determined principally 
hy the setting of ( '3, which usually has low capaci-
tance, and the maximum capacitance by the set-
ting of l'2, which is of the order of 25 to 50 if. 
This method is capable of close adjustment to 
practically any desired degree of bandsprea( I. lit her 
C2 and Ctt must be adjusted for each band or sepa-
rate preadjuisted capacitors must be swit (. 11141 in. 
The circuit at C also gives complete spread 

on each band. Ch the bandspread capacit or, 
may have any convenient value; 50 µed. is 5:11 5-
factory. C2 may be used for continuous frequency 
coverage ("general coverage") and as a band-
setting capacitor. The effective maximum-mini-
mum capacitance ratio depends upon C2 and the 
point at which C1 is tapped on the coil. The 
nearer the tap to the bottom of the coil, the 
greater the bandspread, and vice versa. For a 
given coil and tap, the bandspread will be greater 
if C2 is set at higher capacitance. C2 may be con-
nected permanently across the individual induc-
tor and preset, if desired. This requires a separate 
capacitor for each band, but eliminates the ne-
cessity for resetting C2 each time. 

Ganged Tuning 

The tuning capacitors of the several r.f. 
circuits may be coupled together mechanically 
and operated by a single control. However, 
this operating convenience involves more com-
plicated construction, both electrically and 
mechanically. It becomes necessary to make 
the various circuits track — that is, tune to the 
same frequency at each setting of the tuning 
control. 
True tracking can be obtained only when the 

inductance, tuning capacitors, and circuit 
inductances and minimum and maximum 
capacities are identical in all "ganged" stages. 
A small trimmer or padding capacitor may be 
connected across the coil, so that variations in 
minimum capacity can be compensated. The 
fundamental circuit is shown in Fig. 5-10, where 
C1 is the trimmer and rot t he tuning capacitor. 
The use of the trimmer necessarily increases the 
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minimum circuit capacity, but it is a necessity 
for satisfactory tracking. Midget capacitors 
having maximum capacities of 15 to 30 ¡id. are 
commonly used. 

Fig. 5- 10—Showing the use 
of a trimmer capacitor to 
set the minimum circuit ca-
pacity in order to obtain true 

tracking for gang-tuning. 

The same methods are applied to band-
spread circuits that must be tracked. The 
circuits are identical with those of Fig. 5-9. 
If both general-coverage and bandspread tun-
ing am to be available, an additional trimmer 
capacitor must be connected across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, however, then C3 in Fig. 5-9B, 
and C2 in Fig. 5-9C, serve as trimmers. 
The coil inductance can be adjusted by 

starting with a larger number of turns than 

necessary and removing a turn or fraction of 
a turn at a time until the circuits track satis-
factorily. An alternative method, provided the 
inductance is reasonably close to the correct 
value initially, is to make the coil so that the 
last turn is variable with respect to the whole 
coil. 

Another method for trimming the induc-
tance is to use an adjustable brass (or copper) 
or powdered-iron core. The brass core acts like a 
single shorted turn, and the inductance of the 
coil is decreased as the brass core, or "slug," is 
moved into the coil. The powdered-iron cote has 
the opposite effect, and increases the inductance 
as it is moved into the coil. The Q of the coil is 
not affected materially by the use of the brass 
slug, provided the brass slug has a clean surface 
or is silverplated. The use of the powdered-iron 
core will raise the Q of a coil, provided the iron 
is suitable for the frequency in use. Good pow-
dered-iron cores can be obtained for use up to 
about 50 Mc. 

The Superheterodyne 

For many years (until about 1932) practi-
cally the only type of receiver to be found in 
amateur stations consisted of a regenerative 
detector and one or more stages of audio amplifi-
cation. Receivers of this type all be made quite 
sensitive but strong signals block them easily 
and, in our present crowded bands, they are 
seldom used except in emergencies. They have 
been replaced by superheterodyne receivers, 
generally called "superhets." 

The Superheterodyne Principle 

In a superheterodyne receiver, the frequency 
of the incoming signal is heterodyned to a new 
radio frequency, the intermediate frequency 
(abbreviated "i.f."), then amplified, and finally 
detected. The frequency is changed by modulating 
the output of a tunable oscillator (the high-fre-
quency, or local, oscillator) by the incoming 
signal in a mixer or converter stage (first de-
tector to produce a side frequency equal to the 
intermediate frequency. The other side frequency 
is rejected by selective circuits. The audio-
frequency signal is obtained at the second 
detector. Code signals are made audible by 
autodyne or heterodyne reception at the second 
detector. 
As a numerical example, assume that an 

intermediate frequency of 455 kc. is chosen 
and that the incoming signal is at 7000 kc. 
Then the high-frequency oscillator frequency 
may be set to 7435 lie., in order that one side 
frequency (7453 minus 7000) will be 455 ke. 
The high-frequency oscillator could also be set 
to 6545 kc. and give the saine difference fre-
quency. To produre an audible code signal at 
the second detector of, say, 1000 cycles, the 
autodyning or heterodyning oscillator would 
be set to either 454 or 456 kc. 
The frequency-conversion process permits 

r.f. amplification at a relatively low frequency, 
the i.f. High selectivity and gain can be ob-
tained at this frequency, and this selectivity 
and gain are constant. The separate oscillators 
can be designed for good stability and, since they 
are working at frequencies eonsiderably removed 
from the signal frequencies (percentage-wise), 
they are not normally " pulled" by the incoming 
signal. 

Images 

Each Id. oscillator frequency will cause i.f. 
response at two signal frequencies, one higher 
and one lower than the oscillator frequency. 
If the oscillator is set to 7435 kc. to tune to a 
7000-kc. signal, for example, the receiver can 
respond also to a signal on 7910 kc., which 
likewise gives a 435-kc. beat. The undesired 
signal is called the image. It can cause unneces-
sary interference if it isn't eliminated. 
The radio-frequency circuits of the receiver 

(those used before the signal is heterodyned 
to the i.f.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re-
duces or eliminates the response to the image 
signal. The ratio of the receiver voltage out-
put from the desired signal to that from the 
image is called the signal-to-image ratio, or 
image ratio. 
The image ratio depends upon the selectivity 

of the r.f. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre-
queney, the higher the image ratio, since raising 
the i.f, increases the frequency separation be-
tween the signal and the image and places the 
latter further away from the resonance peak 
of the signal-frequency input circuits. Most 
receiver designs represent a compromise be-
tween economy (few r.f. stages) and image re-
jection (large number of r.f. stages). 
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Frequency Converters 

Other Spurious Responses 

In addition to images, other signals to which 
the receiver is not ostensibly tuned may be 
heard. Harmonics of the high-frequency oscil-
lator may beat with signals far removed from 
the desired frequency to produce output at the 
intermediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage, and by using sufficient shielding 
to prevent signal pick-up by any means other 
than the antenna. When a strong signal is re-
ceived, the harmonics generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
converted to the intermediate frequency, to go 
through the receiver in the same way as an ordi-
nary signal. These "birdies" appear as a hetero-
dyne beat on the desired signal, and are princi-
pally bothersome when the frequency of the 
incoming signal is not greatly different from the 
intermediate frequency. The cure is proper 
circuit isolation and shielding. 
Harmonics of the beat oscillator also may be 

converted in similar fashion and amplified 
through the receiver; these responses can be 
reduced by shielding the beat oscillator and 
operating it at a low power level. 

The Double Superheterodyne 

At high and very-high frequencies it is diffi-
cult to secure an adequate image ratio when 
the intermediate frequency is of the order of 
455 ke. To reduce image response the signal 
frequently is converted first to a rather high 
(1500, 5000, or even 10,000 kc.) intermediate 
frequency, and then — sometimes after fur-
ther amplification — reconverted to a lower 
i.f. where higher adjacent-channel selectivity 
can be obtained. Such a receiver is called a 
double superheterodyne. 

• FREQUENCY CONVERTERS 
A circuit tuned to the intermediate frequency 

is placed in the plate circuit of the mixer, to offer 
a high impedance load for the i.f. voltage that is 
developed. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are rejected 
by the selectivity of this circuit. The i.f. tuned 
circuit should have low impedance for these 
frequencies, a condition easily met if they do 
not approach the intermediate frequency. 
The conversion efficiency of the mixer is 

the ratio of i.f. output voltage from the plate 
circuit to r.f. signal voltage applied to the grid. 
High conversion efficiency is desirable. The 
mixer tube noise also should be low if a good 
signal-to-noise ratio is wanted, particularly 
if the mixer is the first tube in the receiver. 
A change in oscillator frequency caused by 

tuning of the mixer grid circuit is called pulling. 
Pulling should be minimized, because the stabil-
ity of the whole receiver depends critically upon 
the stability of the h.f. oscillator. Pulling de-
creases with separation of the signal and h.f.-
oscillator frequencies, being less with high in-

termediate frequencies. Another type of pull-
ing is caused by regulation in the power supply. 
Strong signals cause the voltage to change, which 
in turn shifts the oscillator frequency. 

Circuits 

If the first detector and high-frequency oscilla-
tor are separate tubes, the first detector is called 
a "mixer." If the two are combined in one en-
velope (as is often done for reasons of economy or 
efficiency), the first detector is called a "con-
verter." In either case the function is the same. 

Typical mixer circuits are shown in Fig. 5-11. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-11.‘, 
a pentode functions as a plate detector; the 
oscillator voltage is capacity-coupled to the 
grid of the tube through l'2. Inductive coupling 
may be used instead. The conversion gain and 

INPUI3 

TO OSC 

(A) 

F TRANS 

I F TRANS 

TCZ TO OSC 
(C) 

Fig. 5-11—Typical circuits for separately excited mixers. 
Grid injection of a pentode mixer is shown at A, cathode 
injection at B. and separate excitation of a pentagrid 
converter is given in C. Typical values for C will be found 
in Table 5-1—the values below are for the pentode mixer 

of A and B. 

I F TRANS 

C1-10 to 50 µ0. R2-1.0 megohm. 
C2-5 to 10 µO. R3-0.47 megohm. 
Ca, C4, Cs-0.001 Ø. R4-1500 ohms. 
R1-6800 ohms. 

Positive supply voltage can be 250 volts with a 6AC7 
or 6AH6, 150 with a 6AK5. 
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input selectivity generally are good, so long as 
the sum of the two voltages (signal and oscilla-
tor) impressed on the mixer grid does not exceed 
the grid bias. It is desirable to nu:Ike the oscillator 
voltage as high as possible without exceeding 
this limitation. The oscillator power required is 
negligible. If the signal frequency is only 5 or 10 
times the i.f., it may be difficult to develop enough 
o,cifia tor voltage at the grid (because of the 
select ivity of the tuned input circuit). However, 
the circuit is a sensitive one and makes a good 
mixer, particularly with high-transeonductanee 
tubes like the 6AC7, 61K5 or 61'S ( pentode 
seu.tion). Triode tubes can be used as mixers in 
grid-injection circuits, but they are commonly 
used only at 50 Mc. and higher, where mixer 
noise may become a significant factor. The triode 
mixer has the lowest, inherent noise, the pentode 
is next, and the multigrid converter tumbes are the 
noisiest. 
The circuit in Fig. 5-1113 shows cathode in-

jection at the mixer. Operation is similar to the 
grid-injectiim case, and the same considerations 
apply. 

It is difficult to avoid "pulling" in a triode 
or pentode mixer, and a pentagrid mixer tube 
provides much better isolation. A typical cir-
cuit is shown in Fig. 5-1IC, and tubes like the 
65A7, 61317 or 613E6 are commonly used. The 
oscillator voltage is introduced through an "in-
jection" grid. Measurement of the rectified 
current flowing in 112 is used as a check for proper 
oscillator-voltage amplitude. Tuning of the 
signal-grid circuit can have little effect on the 
oscillator frequency because the injeetiim grid is 
isolated from the signal grid by a screen grid 
that is at r. f. ground potential. The pentagrid 
mixer is much noisier thum a triode or pentode 
mixer, but its isolating characteristics make it 
a very useful device. 
Many receivers use pentagrid converters, and 

two typical circuits are shown in Fig. 5-12. 
The circuit shown in Fig. 5-121, which is suitable 
for the 6Es, is for a "triode-hexode" converter. 
A triode oscillator tube is mounted in the same 
envelope with a hexode, and the control grid of 
the oscillator portion is connected internally to 
an injeetion grid in the hexode. The isolation 
between oscillator and converter tube is reason-
ably good, and very little pulling results, except 
on signal frequencies that are quite large com-
pared with the if. 
The pentagrid-converter circuit shown in Fig. 

CoK8 

(A) 

R4 

+100 

65A7, 6BE6 OR 6s137 

(B) 

I F TRANS 

+250 

I F TRANS 

+250 

Fig. 5- 12—Typical circuits for triode-hexode (A) and 
pentagrid (8) converters. Values for RI, R2 and R3 Can be 
found in Table 5-1; others are given below. 

C1-47 PMf• C3-0.01 pf. 
C2, CI, CA-0.001 pf. 124— 1000 ohms. 

5-12B can be used with a tube like the 6817, 
6SB7Y, 613A7 or 6BE6. Generally the only care 
necessary is to adjust the feedback of the oscilla-
tor circuit to give the proper oscillator r.f. volt-
age. This condition is checked by measuring the 
d.c. current flowing in grid resistor 112. 
A more stable receiver generally results, par-

ticularly at the higher frequencies, when sepa-
rate tubes are used for the mixer and oscillator. 
Practically the same number of circuit com-
ponents is required whether or not a combi-
nation tube is used, so that there is very little 
difference to be realized from the cost standpoint. 

Typical circuit constants for converter tubes 
are given in Table 5-I. The grid leak referred 
to is the oscillator grid leak or injection-grid 
return, 112 of Figs. 5-1IC and 5-12. 
The effectiveness of converter tubes of the type 

just described becomes less as the signal fre-
quency is increased. Some oscillator voltage will 

TABLE 5-I 

Circuit and Operating Values for Converter Tubes 
Plate voltage = 250 Screen voltage 100. or through specified resistor from 250 volts 

SF:LE-EXCITED SEPARATE EXCITATION 

Tube 
Cathode Screen 
Resistor Resistor 

Grid Grid Cathode Screen 
Leak Current Resistor Resistor 

6B17 1  O 12,000 22,000 
613E6'  0 22,1100 22,000 

61012   240 27,000 .17,000 
6SA72 0 18.000 22.000 

6SR7Y2  0 15,000 22,000 

Miniature tube 2 Ortai 

0.35 ma. 68 15,000 
0.5 150 22,000 

0.15-0.2 
0.5 150 18,000 
0.35 68 15,000 

Grid 
Leak 

22,000 
22,000 

22,000 
22,000 

(;rid 
Current 

0.35 nia. 
0.5 

0.5 
0.35 
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be coupled to the signal grid through "space. 
charge" coupling, an effect that increases with 
frequency. If there is relatively little frequency 
difference between oscillator and signal, as for 
example a 14- or 28-Mc, signal and an i.f. of 455 
kc., this voltage can become considerable because 
the selectivity of the signal circuit will be unable 
to reject it. If the signal grid is not returned 
directly to ground, but instead is returned 
through a resistor or part of an a.v.c. system, 
considerable bias can be developed which will 
cut down the gain. For this reason, and to reduce 
image response, the i.f. following the first con-
verter of a receiver should be not less than 5 or 10 
per cent of the signal frequency, for best results. 

Transistors in Mixers 

Typical transistor cireuitry fur a mixer operat-
ing at frequencies below 20 Mc. is shown in Fig. 
5-13. The local oscillator current is inj(s.ted in the 
emitti.r circuit by inductive coupling to Li; /4 
should have low reactance at the oscillator fre-
quoncy. The input from the r. f. amplifier should 
bp at low impedance, obtained by inductive 
coupling or tapping down on the tuned circuit. 
The output transformer 75 has the c()Ilector con-
nection tapped down on the inductance to main-
tain a high Q in the tuned circuit. 

Fig. 5-13- -Typical transistor mixer circuit. 

Li—Low-impedance inductive coupling to oscillator. 
Ti —Transistor i.f. transformer. Primary impedance of 

100,000 ohms, secondary impedance of 1700 
ohms, unloaded Q = 100, loaded Q = 35. 

Audio Converters 

Converter circuits of the type shown in Fig. 
5-12 can be used to advantage in the reception of 
code and single-sideband suppressed-carrier sig-
nals, by introducing the local oscillator on the 
No. 1 grid, the signal on the No. 3 grid, and work-
ing the tube into an audio load. Its operation can 
be visualized as heterodyning the incoming signal 
into the audio range. The use of such circuits for 
audio conversion has been limited to selective i.f. 
amplifiers operating below 500 kc. and usually 
below 100 kc. An ordinary a.m. signal cannot be 
received on such a detector unless the tuning is 
adjusted to make the local oscillator zero-beat 
with the incoming carrier. 

Since the beat oscillator modulates the electron 

stream completely, a large beat-oscillator com-
ponent exists in the plate circuit. To prevent 
overload of the following audio amplifier stages, 
an adequate i.f. filter must be used in the output 
of the converter. 
The "product detector" of Fig. 5-6 is also a 

converter circuit, and the statements above for 
audio converters apply to the product detector. 

• THE HIGH-FREQUENCY OSCILLATOR 
Stability of the receiver is dependent chiefly 

upon the stability of the h.f. oscillator, and 
particular care should be given this part of the 
receiver. The frequency of oscillation should be 
insensitive to mechanical shock and changes 
in voltage and loading. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. They can be 
reduced by using ceramic instead of bakelite 
insulation in the r.f. circuits, a large cabinet 
relative to the chassis (to provide for good radia-
tion . of developed heat), minimizing the number 
of high-wattage resistors in the receiver and put-
ting them in the separate power supply, and not 
mounting the osci I la t or coils awl tuning cap-
acitor too ( dust, to a tube. Propping up the lid 
of a receiver will often reduce drift by lowering 
the terminal temperature of the unit. 

Sensitivity to vibration and shock can be 
minitnized by using good mechanical support for 
coils and tuning capacitors, a heavy chassis, and 
by not hanging any of the oscillator-circuit com-
ponents on long leads. Tie-points should be used 
to avoid long leads. Stiff sip,rt leads are excellent 
because they can't be made to vibrate. 
Smooth tuning is a great convenience to the 

operator, and can be obtained by taking pains 
wit h t he mounting of the dial and tuning ca-
pacitors. They should have good alignment 
and no back-lash. If the capacitors are mounted 
off the chassis on posts instead of brackets, it is 
almost impossible to avoid some back-la.sh 
unless the posts have extra-wide bases. The 
capacitors should e selected with good wiping 
contacts to the rotor, sitice with age the rotor 
contacts can be a source of erratic tuning. All 
joints in the oscillator tuning circuit should be 
carefully soldered, because a loose connection or 
"rosie joint" can develop trouble that is some-
times hard to locate. The chassis and panel 
materials should be heavy and rigid enough so 
that pressure on the tuning dial will not cause 
torsion and a shift in the frequency. 

In addition, the oscillator must be capable 
of furnishing suffieient r.f. voltage and power 
for the particular mixer circuit chosen, at all 
frequencies within the range of the receiver, 
and its harmonic output should be as low as 
possible to reduce the possibility of spurious 
responses. 

The oscillator plate power should be as low 
as is consistent with adequate output. Low 
plate power will reduce tube heating and there-
by lower the frequency drift. The oscillator 
and mixer circuits should be well isolated, pref-
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Fig. 5- 14—High-frequency oscillator circuits. A, pentode 
grounded-plate oscillator; B, triode grounded-plate oscil-
lator; C, triode oscillator with tickler circuit. Coupling to 
the mixer may be taken from points X and Y. In A and B, 
coupling from Y will reduce pulling effects, but gives less 
voltage than from X; this type is best adapted to mixer 
circuits with small oscillator-voltage requirements. Typical 

values for components are as follows: 

Circuit A Circle B Circuit C 

C1-100 µµf. 100 µµf. 100 if. 
C2-0.01 µf. 0.01 µf. 0.01 µf. 
Ca-0.01 µf. 
R1-47,000 ohms. 47,000 ohms. 47,000 ohms. 

R2-47,000 ohms. 10,000 to 10,000 to 
25,000 ohms. 25,000 ohms. 

The plate-supply voltage should be 250 volts. In circuits 
B and C, R2 is used to drop the supply voltage to 100-150 
volts; it may be omitted if voltage is obtained from a 

voltage divider in the power supply. 

erably by shielding, since coupling other than by 
the intended means may result in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, a voltage-regulated 
plate supply (VR tube) can be used. 

Circuits 

Several oscillator circuits are shown in Fig. 
5-14. Circuits A and B will give about the same 
results, and require only one coil. However, in 
these two circuits the cathode is above ground 
potential for r.f., which often is a cause of hum 
modulation of the oscillator output at 14 Mc. 
and higher frequencies when a.c.-heated-cathode 
tubes are used. The circuit of Fig. 5-14C reduces 
hum because the cathode is grounded. It is simple 
to adjust, and it is also the best circuit to use with 
filament-type tubes. With filament-type tubes, 
the other two circuits would require r.f. chokes to 
keep the filament above r.f. ground. 

Besides the use of a fairly high CIL ratio in 
the tuned circuit, it is necessary to adjust the 
feedback to obtain optimum results. Too much 

(B) 

C 

R 
Vv\., o + 

(c) 
feedback may cause "squegging" of the oscillator 
and the generation of several frequencies simul-
taneously; too little feedback will cause the out-
put to be low. In the tapped-coil circuits (A, 
B), the feedback is increased by moving the tap 
toward the grid end of the coil. ln C, mom feed-
back is obtained by increasing the number of 
turns on L2 or moving L2 closer to LI. 

The Intermediate-Frequency Amplifier 

One major advantage of the superhet is that 
high gain and selectivity can be obtained by 
using a good i.f. amplifier. This can be a one-
stage affair in simple receivers, or two or three 
stages in the more elaborate sets. 

Choice of Frequency 

The selection of an intermediate frequency 
is a compromise between conflicting factors. The 
lower the i.f. the higher the selectivity and gain, 
but a low i.f. brings the image nearer the desired 
signal and hence decreases the image ratio. A 
low i.f. also increases pulling of the oscillator 
frequency. On the other hand, a high i.f. is benefi-
cial to both image ratio and pulling, but the 
gain is lowered and selectivity is harder to obtain 
by simple means. 

An i.f. of the order of 455 ke. gives good selec-
tivity and is satisfactory from the standpoint of 
image ratio and oscillator pulling at frequencies 
up to 7 Mc. The image ratio is poor at 14 Mc. 
when the mixer is connected to the antenna, but 
adequate when there is a tuned r.f. amplifier 
between antenna and mixer. At 28 Me. and on 
the very high frequencies, the image ratio is very 
poor unless several r.f. stages are used. Above 14 
Mc., pulling is likely to be bad without very loose 
coupling between mixer and oscillator. 

With an i.f. of about 1600 ke., satisfactory 
image ratios can be secured on 14, 21 and 28 
Me. with one r.f. stage of good design. For 
frequencies of 28 Mc. and higher, a common solu-
tion is to use a double superheterodyne, choosing 
one high i.f. for image reduction (5 and 10 Me. 
are frequently used) and a lower one for gain 
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and selectivity. 
In choosing an i.f. it is wise to avoid frequen-

cies on which there is considerable activity by 
the various radio services, since such signals 
may be picked up directly on the i.f. wiring. 
Shifting the i.f. or better shielding are the solu-
tions to this interference problem. 

Fidelity; Sideband Cutting 

Modulation of a carrier causes the genera-
tion of sideband frequencies numerically equal 
to the carrier frequency plus and minus the 
highest modulation frequency present. If the 
receiver is to give a faithful reproduction of 
modulation that contains, for instance, audio 
frequencies up to 5000 cycles, it must at least be 
capable of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles 
above or below the carrier frequency. In a super-
heterodyne, where all carrier frequencies are 
changed to the fixed intermediate frequency, 
the i.f. amplification must be uniform over 
a band 5 kc. wide, when the carrier is set at 
one edge. If the carrier is set in the center, a 
10-kc. band is required. The signal-frequency 
circuits usually do not have enough over-all 
selectivity to affect materially the "adjacent-
channel" selectivity, so that only the i.f.-amplifier 
selectivity need be considered. 

If the selectivity is too great to permit uni-
form amplification over the band of frequen-
cies occupied by the modulated signal, some 
of the sidebands are "cut." While sideband cut-
ting reduces fidelity, it is frequently preferable 
to sacrifice naturalness of reproduction in favor 
of communications effectiveness. 
The selectivity of an i.f. amplifier, and hence 

the tendency to cut sidebands, increases with 
the number of amplifier stages and also is greater 
the lower the intermediate frequency. From the 
standpoint of communication, sideband cutting 
is never serious with two-stage amplifiers at 
frequencies as low as 455 kc. A two-stage i.f. 
amplifier at 85 or 100 ke. will be sharp enough to 
cut some of the higher-frequency sidebands, if 
good transformers are used. However, the cutting 
is not at all serious, and the gain in selectivity is 
worthwhile in crowded amateur bands. 

Circuits 

If. amplifiers usually consist of one or two 
stages. At 455 Ice. two stages generally give all 
the gain usable, and also give suitable selectivity 

Fig. 5- 15—Typical intermediate-fre-
quency amplifier circuit for a super-
heterodyne receiver. Representative 
values for components ore as follows: 
CI, Ca, C4, C5-0.02 O. at 455 le.: 

0.01 µf. at 1600 kc. and higher. 
C2-0.01 IA 
RI, R2—See Table 5-IL 
Ra, R5-1500 ohms. 
R4-0.1 megohm. 

for phone reception. 
A typical circuit arrangement is shown in Fig. 

5-15. A second stage would simply duplicate the 
circuit of the first. The i.f. amplifier practically 
always uses a remote cut-off pentode-type tube 
operated as a Class A amplifier. For maximum 
selectivity, double-tuned transformers are used 
for interstage coupling, although single-tuned 
circuits or transformers with untuned primaries 
can be used for coupling, with a consequent loss 
in selectivity. All other things being equal, the 
selectivity of an i.f. amplifier is proportional to 
the number of tuned circuits in it. 

In Fig. 5-15, the gain of the stage is reduced 
by introducing a negative voltage to the lead 
marked "AGC" or a positive voltage to RI at 
the point marked "manual gain control." In 
either case, the voltage increases the bias on 
the tube and reduces the mutual conductance 
and hence the gain. When two or more stages are 
used, these voltages are generally obtained from 
common sources. The decoupling resistor, R3, 

helps to prevent unwanted interstage coupling. 
C2 and R4 are part of the automatic gain-
control circuit (described later); if no a.g.c. is 
used, the lower end of the i.f.-transformer sec-
ondary is connected to chassis. 

Tubes for I.F. Amplifiers 

Variable-g (remote cut-off) pentodes are al-
most invariably used in i.f. amplifier stages, 
since grid-bias gain control is practically always 
applied to the i.f. amplifier. Tubes with high 
plate resistance will have least effect on the 
selectivity of the amplifier, and those with high 
mutual conductance will give greatest gain. The 
choice of i.f. tubes normally has no effect on the 
signal-to-noise ratio, since this is determined by 
the preceding mixer and r.f. amplifier. 

Typical values of cathode and screen resistors 
for common tubes are given in Table 5-II. The 
6K7, 6SK7 and 6BJ6 are recommended for i.f. 
work because they have desirable remote cut-off 
characteristics. The indicated screen resistors 
drop the plate voltage to the correct screen 
voltage, as R2 in Fig. 5-15. 
When two or more stages are used the high 

gain may tend to cause instability and oscilla-
tion, so that good shielding, bypassing, and care-
ful circuit arrangement to prevent stray coupling 
between input and output circuits are necessary. 
When single-ended tubes are used, the plate 

and grid leads should be well separated. With 
these tubes it is advisable to mount the screen 

+250 AGC 

MANUAL 
GAIN 

CONTROL +250 
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Tube 

TABLE 5-II 

Cathode and Screen-Dropping 

Resistors for R.F. or I.F. Amplifiers 

Plate Scre,n Cattail, &run 
Volts Volts Resistor Rs Resistor R2 

°ACV 300 160 62,000 
651162 300 150 160 62,000 
651i5, 180 120 200 27,000 
65C62 250 150 66 33,000 
6BA62* 250 100 68 33,000 
6B1162 250 150 100 33,000 
6BJ6" 250 100 82 47,000 
613Z6" 200 150 180 20,000 
6C146 200 150 180 56,000 
65O7" 250 125 68 27,000 
65117, 250 150 68 39,000 
68,17, 250 100 820 180,000 
6SK7" 250 100 270 56,000 

t Octal base, metal. 2 Miniature tube 
• Remote eut•off type. 

bypass capacitor directly on the bottom of the 
socket, crosswise I n.1 w yeti tlie date and grid 
pins, to provide ;ohm it tai shielding. If a paper 
capacitor is used, the outside foil should be 
grounded to the chassis. 

I. F. Transformers 

The tuned circuits of i.f, amplifiers are built 
up as transformer units consisting of a metal 
shield container in whioli the coils and tuning 
capacitors are mouilte(l. Both air-core and 
powdered iron-core universal-wound coils are 
used, the latter having somewhat higher Qs 
and hence greater selectivity and gain. In uni-
versal windings the coil is wound in layers with 
each turn traversing the length of the coil, back 
and forth, rather than being wound perpendicu-
lar to the axis as in ordinary single-layer coils. 
In a straight multilayer winding, a fairly large 
capacitance can exist between layers. Universal 
winding, with its "criss-crossed" turns, tends to 
reduce distributed-capacity effects. 

For tuning, air-dielectric tuning capacitors are 
preferable to mica compression types because 
t heir capacity is praetically unaffected by changes 
in temperature and humidity. Iron-core trans-
formers may be tuned by varying the inductance 
permeability tuning), it, which case stabilit y 
eomparable to that of variable air-ea ta eit ir 
tuning can be obtained by use of high-stability 
fixed mica or ceramic ,-apacitors. Such stability is 
of great importance, sit ac it Vinglii witose fre-
queney "drifts" with time eventually will be 
tuned to a different frequency than the other cir-
cuits, thereby reducing the gain and selectivity 
of die amplifier. Typical i.f.-transformer construc-
tion is shown in Fig. 5-16. 
The normal interstage i.f. transformer is 

loosely coupled, to give good seleet ivity consistent 
Nvit h adequate gain. A so-called diode trans-
former is similar, but the coupling is t ighter, to 
give sufficient transfer when iv, ti- king into the 
finite load presented by a diode &balm.. Using 
a diode transformer in place of an interstage 
transformer would result in loss of selectivity; 

AIR TUNED 

using an interstage transformer to couple to the 
diode would result in loss of gain. 

Besides the type of i.f. transformer shown in 
Fig. 5-16, special units to give desired selectiv-
ity characteristics are available. For higher-
t han-ordinary adjacent-channel selectivity triple-
tuned transformers, with a third tuned circuit 
inserted between the input and 'output windings, 
are sometimes used. The energy is transferred 
from the input to the output windings via this 
tertiary winding, thus adding its selectivity to 
the over-all selectivity of the transformer. 
A method of varying the selectivity is to vary 

the coupling between primary and secondary, 
overcoupling being used to broaden the selec-
tivity curve. Special circuits using single tuned 
circuits, coupled in any of several different ways, 
are used in some advanced receivers. 

Variable air 
capacitors 

shwa' 

Universal-wound 
coils 

Mon: k powdered 
Iron play, --

High-stability mica 
fixed capacitors 

PERMEABILITV TUNED 

Fig. 5- 16—Representative i.f.-transformer construction. 
Coils are supported on insulating tubing or (in the air. 
tuned type) on wax-impregnated wooden dowels. The 
shield in the air-tuned transformer prevents capacity 
coupling between the tuning capacitors. In the permea-
bility-tuned transformer the cores consist of finely-divided 
iron particles supported in an insulating binder, formed 
into cylindrical "plugs." The tuning capacitance is fixed, 
and the inductances of the coils are varied by moving the 

iron plugs in and out. 

Selectivity 

The over-all selectivity of the r.f. amplifier 
will depend on the frequency and the number 
of stages. The following figures are indicative 
of the bandwidths to be expected with good-
quality transformers in amplifiers so constructed 
as to keep regeneration at a minimum: 

Bandwidth in Kilocycles 
C, db. 20 db. 40 db. 

Intermediate Frequency do 11'11 down down 

One stage, 50 ke. (iron core)... 2.0 3.0 4.2 
One stage. 455 kc. (air core) ... 8.7 17.8 32.3 
One stage, 455 Le. (iron core) . . 4.3 10.3 20.4 
Two stages, 455 Lc. (iron core). 2.9 6.4 10.8 
Two stages, 1600 ke.  11.0 16.6 27.4 

Transistor I. F. Amplifier 

• A typieal circuit for a two-stage transistor if. 
amplifier is shown in Fig. 5-17. Constants are 
given for a 455-kr. amplifier, Ind the same gen-
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Fig. 5-17—Typical circuit for a two-
stage transistor i.f. amplifier. At high 
frequencies a neutralizing capacitor 

may be required, as mentioned 
in the text. 

Ti —Transistor input i.f. transformer. Primary impedance = 
100,000 ohms, secondary impedance = 1700 
ohms, unloaded Q = 100, loaded Q = 35. 

T2—Transistor interstoge i.f. transformer. Primary im-
pedance .= 4600 ohms, secondary impedance 

eral circuitry applies to an amplifier at any fre-
quency within the operating range of the tran-
sistors. When higher frequencies an used, it may 
be necessary to neutralize the amplifier to avoid 
overall oscillation: this is done by connecting a 
small variable capacii or of a few aid. from base 
to base of the transistors. 
Automatic gain control is obtained by using 

the developed d.c. at the I N295 diode detec-
tor to modify the emitter bias current on the 
first stage. As the bias current changes, the input 
and output impedances change, and the resultant 
impedance mismatches causes a reduction in 
gain. Such a.g.c. assumes, of course, that the 
amplifier is set up initially in a matched condition. 

I F TRANS 

(A) 

F TRANS 

(B) 

TO CONTROLLED 
STAGES 

R3 , 

 TO A F 
Cu C3 AMP 

TO CONTROLLED 
STAGES 

C2' 

-s, 4 

_  
L3 

voLum E 

R7 

-= 1700 ohms, unloaded Q = 39, loaded 0 = 
35. 

Ta — Transistor output i.f. transformer. Primary impedance 

-= 30,000 ohms, secondary impedance = 1000 
ohms, unloaded Q = 100, loaded Q = 35. 

II THE SECOND DETECTOR AND 
BEAT OSCILLATOR 

Detector Circuits 

The second detector of a superheterodyne 
receiver performs the same function as the de-
tector in the simple receiver, but usually operates 
at a higher input level because of the relatively 
great amplification ahead of it. Therefore, the 
ability to handle large signals without distortion 
is preferable to high sensitivity. Plate detection 
is used to some extent, but the diode detector is 
most popular. It is especially adapted to furnish-
ing automatic gain or volume control. The basic 
circuits have been described, although in many 

A F 
E.A.MP 

FROM 
4 AGC RECT 

Fig. 5- 18—Delayed automatic gain-control cir-
cuits using a twin diode (A) and a dual-diode 
triode. The circuits are essentially the same and 
differ only in the method of biasing the a.g.c. 

rectifier. The a.g.c. control voltage is applied to 
the controlled stages as in (Cl. For these circuits 

typical values are: 

CI, C3, CI — 100 AMC 
C2, CS, C7, C,-0.01 Ø. 
Co-5-pf. electrolytic. 
RI, RS, RIO-0.1 megohm. 
R2-0.47 megohm. 
Ra- 2 megohms. 
R4-0.47 megohm. 
R5, Rs—Voltage divider to give 2 to 10 volts bias 

at 1 to 2 ma. drain. 
R2-0.5-megohm volume control. 
R8—Correct bias resistor for triode section of dua l-

diode triode. 
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cases the diode elements are incorporated in a 
multipurpose tube that contains an amplifier 
seet ion in addition to the diode. 

Audio-converter circuits and product detectors 
are often used for code or s.s.b. detectors. 

The Beat Oscillator 

Any standard oscillator circuit may be used 
for the beat oscillator required for heterodyne 
reception. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most con-
veniently used with the circuits shown in Fig. 
5-14A and B, with the output taken from Y. A 
variable capacitor of about 25-aaf. capacitance 
can be connected between cathode and ground 
to provide fine adjustment of the frequency. The 
beat oscillator usually is coupled to the second-
detector tuned circuit through a fixed capacitor 
of a few aaf. 
The beat oscillator should be well shielded, 

to prevent coupling to any part of the receiver 
except the second detector and to prevent its 
harmonics from getting into the front end and 
being amplified along with desired signals. The 
b.f.o. power should be as low as is consistent with 
sufficient audio-frequency output on the strongest 
signals. However, if the beat-oscillator output 
is too low, strong signala will not give a propor-
tionately strong audio signal. Contrary to some 
opinion, a weak b.f.o. is never an advantage. 

• AUTOMATIC GAIN CONTROL 
Automatic regulation of the gain of the re-

ceiver in inverse proportion to the signal strength 
is an operating convenience in phone reception, 
since it tends to keep the output level of the 
receiver constant regardless of input-signal 
strength. The average rectified d.c. voltage, 
developed by the received signal across a re-
sistance in a detector circuit, is used to vary the 
bias on the r.f. and i.f. amplifier tubes. Since this 
voltage is proportional to the average amplitude 
of the signal, the gain is reduced as the signal 
strength becomes greater. The control will be 
more complete and the output more constant as 
the number of stages to which the a.g.c. bias is 
applied is increased. Control of at least two stages 
is advisable. 

Circuits 

Although some receivers derive the a.g.c. volt-
age from the diode detector, the usual practice 
is to use a separate a.g.c. rectifier. Typical cir-
cuits are shown in Figs. 5-18A and 5-18B. The 
two rectifiers can be combined in one tube, as in 
the 6116 and 6AL5. In Fig. 5-18A V1 is the diode 
detector; the signal is developed across RiRe and 
coupled to the audio stages through Ce. RI 
and C.) are included for r.f. filtering, to prevent 
a large r.f. component being coupled to the audio 
circuits. The a.g.c. rectifier, V2, is coupled to the 
last i.f. transformer through Ca, and most of the 
rectified voltage is developed across R3. V2 does 
not rectify on weak signals, however; the fixed 

bias at R5 must be exceeded before rectification 
can take place. The developed negative a.g.c. 
bias is fed to the controlled stages through R4. 
The circuit of Fig. 5-18B is similar, except that 

a dual-diode triode tube is used. Since this has 
only one common cathode, the circuitry is slightly 
different but the principle is the same. The triode 
stage serves as the first audio stage, and its bias 
is developed in the cathode circuit across Rg. 
This same bias is applied to the a.g.c. rectifier by 
returning its load resistor, R3, to ground. To 
avoid placing this bias on the detector, VI, its 
load resistor R1R2 is returned to cathode, thus 
avoiding ally bias on the detector and permitting 
it to respond to weak signals. 
The developed negative a.g.c. bias is applied 

to the controlled stages through their grid cir-
cuits, as shown in Fig. 5-18C. C7Rg and Celt) 
serve as filters to avoid common coupling and 
possible feedback and oscillator. The a.g.c. is 
disabled by closing switch Si. 
The a.g.c. rectifier bias in Fig. 5-18B is set by 

the bias required for proper operation of V3. 
If less bias for the a.g.c. rectifier is required, R3 
can be tapped up on Rs instead of being returned 
to chassis ground. In Fig. 5-18A, proper choice of 
bias at R5 depends upon the over-all gain of .the 
receiver and the number of controlled stages. In 
general, the bias at R5 will be made higher for 
receivers with more gain and more stages. 

Time Constant 

The time constant of the resistor-capacitor 
combinations in the a.g.c. circuit is an important 
part of the system. It must be long enough so 
that the modulation on the signal is completely 
filtered from the d.c. output, leaving only an 
average d.c. component which follows the rela-
tively slow carrier variations with fading. Audio-
frequency variations in the a.g.c. voltage applied 
to the amplifier grids would reduce the percentage 
of modulation on the incoming signal. But the 
time constant must not be too long or the a.g.c. 
will be unable to follow rapid fading. The ca-
pacitance and resistance values indicated in Fig. 
5-18 will give a time constant that is satisfactory 
for average reception. 

C.W. and S. S.B. 

A.g.c. can be used for c.w. and s.s.b. reception 
but the circuit is usually more complicated. The 
a.g.c. voltage must be derived from a rectifier 
that is isolated from the beat-frequency oscillator 
(otherwise the rectified b.f.o. voltage will reduce 
the receiver gain even with no signal coming 
through). This is done by using a separate a.g.c. 
channel connected to an i.f. amplifier stage 
ahead of the second detector (and b.f.o.) or by 
rectifying the audio output of the detector. If 
the selectivity ahead of the a.v.c. rectifier isn't 
good, strong adjacent-channel signals may de-
velop a.g.c. voltages that will reduce the receiver 
gain while listening to weak signals. When clear 
channels are available, however, c.w. and s.s.b. 
a.g.c. will hold the receiver output constant over 
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a wide range of signal inputs. A.g.c. systems 
designed to work on these signals should have 
fast-attack and slow-decay characteristics to 
work satisfactorily, and often a selection of time 
constants is made available. 
The a.g.c. circuit shown in Fig. 5-19 is ap-

plicable to many receivers without too much 
modification. Audio from the receiver is amplified 
in VIA and rectified in V28. The resultant voltage 
is applied to the a.g.c. line through V2c. The 
capacitor Ci charges quickly and will remain 
charged until discharged by Via. This will occur 
some time after the signal has disappeared, be-
cause the audio was stepped up through T1 
and rectified in V2A, and the resultant used to 
charge C2. This voltage holds Via cut off for an 

Fig. 5-19—Audio "hang" a.g.c. system. Re-
pel. sistors are 1/2-watt unless specified otherwise. 

RI—Normal audio volume control in receiver. 
T1-1:3 step-up audio transformer (Stancor 

A-53 or equiv.) 
The hang time can be adjusted by changing 
the value of the recovery diode load resistor 
(4.7 megohms shown here). The a.g.c. line in 
the receiver must have no d.c. return to ground 
and the receiver should have good skirt se-
lectivity for maximum effectiveness at the 

system. 

appreciable time, until C2 discharges through the 
4.7-megohm resistor. The threshold of compres-
sion is set by adjusting the bias on the diodes 
(changing the value of the 3.3K or 100K re-
sistors). There can be no d.c. return to ground 
from the a.g.c. line, because Ci must be dis-
charged only by Via. Even a v.t.v.m. across the 
a.g.c. line will be too low a resistance, and the 
operation of the system must be observed by the 
action of the S meter. 

Occasionally a strong noise pulse may cause the 
a.g.c. to hang until C2 discharges, but most of 
the time the gain should return very rapidly to 
that set by the signal. A.g.c. of this type is very 
helpful in handling netted s.s.b. signals of widely 
varying strengths. 

Noise Reduction 
Types of Noise 

In addition to tube and circuit noise, much 
of the noise interference experienced in reeep-
tion of high-frequency signals is caused by do-
mestic or industrial electrical equipment and by 
automobile ignition systems. The interference is 
of two types in its effects. The first is the " hiss" 
type, consisting of overlapping pulses similar 
in nature to the receiver noise. It is largely re-
duced by high selectivity in the receiver, espe-
cially for code reception. The second is the 
"pistol-shot" or " machine-gun" type, consisting 
of separated impulses of high amplitude. The 
"hiss" type of interference usually is caused by 
commutator sparking in d.c. and series-wound 
a.c. motors, while the " shot" type results from 
separated spark discharges (a.c. power leaks, 
switch and key clicks, ignition sparks, and the 
like). 

The only known approach to reducing tube 
and circuit noise is through better " front-end" 
design and through more over-all selectivity. 

Impulse Noise 

Impulse noise, because of the short dura-
tion of the pulses compared with the time be-
tween them, must have high amplitude to 
contain much average energy. Hence, noise of 
this type strong enough to cause much interfer-

once generally has an instantaneous amplitude 
much higher than that of the signal being re-
ceived. The general principles of devices intended 
to reduce such noise is to allow the desired signal 
to pass through the receiver unaffected, but to 
make the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared with its time 
of duration, the more successful the noise re-
duction. 

Another approach is to " silence" (render in-
operative) the receiver during the short duration 
time of any individual pulse. The listener will 
not hear the " hole" because of its short dura-
tion, and very effective noise reduction is ob-
tained. Such devices are called " silencers" rather 
than " limiters." 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuits. Thus the more 
selectivity ahead of the noise-reducing device, 
the more difficult it becomes to secure good 
pulse-type noise suppression. 

Audio Limiting 

A considerable degree of noise reduction in 
code reception can be accomplished by am-
plitude-limiting arrangements applied to the 
audio-output circuit of a receiver. Such limiters 
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2.2 MEG 

.05).d. RFC, 
FRO2M1 
DETECTOR I 

2.2 MEG 

ANL. 
6AL5 

VOLUME 
TO 

mEG. A.F. AMR 

Fig. 5-20— Full-wave shunt limiter using contact-potential-
biased diodes. A low-level limiter (1/2 volt), this circuit finds 
greatest usefulness following a product detector. 
CI, C2— Port of low-pass filter with cutoff below i.f. 
RFC; —Part of low-pass filter; see CI. 
Ti—Center-tapped heater transformer. 

also inaintain the signal output nearly constant 
during fading. These output-limiter systems are 
simple, and adaptable to most receivers. How-
ever, they cannot prevent noise peaks from 
overloading previous stages. 

• SECOND-DETECTOR NOISE 
LIMITER CIRCUITS 

\lost audio limiting t•ireuits are based on one 
ol I vo principles. In a series limiting circuit, a 
normally conducting element (or elem('nts) is 
connected in the circuit in series and operated 
in such a manner that it bevomes non-conductive 
above a given signal level. In a shunt limiting 
circuit, a non-conducting element is connected 
in shunt across the circuit and operated so that 
it becomes conductive above a given signal 
level, thus short-circuiting the signal and pre-
venting its being transmitted to the remainder 
of the amplifier. The usual conducting element 
will be a forward-biastql diode, and the usual 
non-eonducting element will be a back-biased 
diode. In many applications the value of bias 
is set manually by the operator; usually the 
clipping level will be set at about 5 to 10 volts. 
A full-wave clipping circuit that operates at a 

low level (approximately 3 i volt) is shown in 
Fig. 5-20. Each diode is biased by its own contact 
potential, developed across the 2.2-megohm re-
sistors. The .001-µf. capacitors become charged 
to close to this value of contact potential. A 
negative-going signal in exress of the bias will 

F TRANS 
I F TRANS 

fi 
T 

(B) 

be shorted to ground by the upper diode: a posi-
tive-going signal will be conducted by the lower 
diode. The conducting resistance of the diodes is 
small In' comparison with the 220,000 ohms in 
series with the circuit. and little if any of the 
excessive signal will apiwar across the 1-megolun 
vttlinne control. In order that the clipping does 
not beeome excessive and cause distortion, the 
input signal must be IwId down by a gain control 
ahead of the detector. This circuit finds good 
application following a low-level detector. 
To minimize hum in the receiver output, it is 

desirable to ground the center tap of the heater 
transformer, as shown, instead of the more 
common pudic° of returning one side of the 
heater circuit to chassis. 

Second-detector noise-limiting circuits that 
automatically adjust themselves to the received 
carrier level are shown in Fig. 5-21. In either 
circuit, VI is the usual diode second detector, 
Rill2 is the diode load resistor, and Cs is an 
r.f. bypass. A negative voltage proportional to 
the earlier level is developed across C2, and this 
volt tip' rannot (-I sauge rapidly because R3 and f**.! 

tolls large. In the eireuit at A, diode 172 arts 
as a conductor for t he mien,' signal up to the point 
where its anode is nug:tlivt• with respect to tin' 
cathode. Noisc peaks that exceed the maximum 
carrier-modulation level will drive the anodt• 
Iwg:ttive illstantaneously, and during this time 
the diode does not conduct. Thp long time con-
stant of C3R3 prevents any rapid ellange of the 
referetwe voltage. In the eireuit at B, the diode 
1'2 is inaetive until its cathode voltage exceeds its 
tousle voltage. This condition will obtain under 
noise peaks and when it does, the diode 172 short-
circuits the signal and no voltage is passed on to 
tus  autlio amplifier. Diode IVI't tisiS stint as the 
6116 and 6AL5 can be used for these types of 
noise limiters. Neither circuit is useful for. c.w. or 
s.s.b. reception, but they are both quite effective 

Fig. 5-21—Self-adjusting series (Al and shunt 
(B) noise limiters. The functions of VI and V2 
can be combined in one tube like the 6H6 

or 6AL5. 
C1-100 µO. 
C2, C:1— 0.05 pf. 
R1-0.27 meg. in A; 47,000 ohms in B 
R2 — 0.27 meg. in A; 0.15 meg. in B. 
R3-1.0 megohm. 
121-0.82 megohm. 
R5— 6 800 ohms. 
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Noise Silencer 
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MIXER OR 
I.F. AMP 

4 200 
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10:K 
,  

Fig. 5-22—Practical circuit diagram of an i.f. noise silencer. 
For best results the silencer should be used ahead of the 

high-selectivity portion of the receiver. 
Ti—Interstage i.f. transformer 

for a.m. phone work. The series circuit (A) is 
slightly better than the shunt circuit. 

• I.F. NOISE SILENCER 
The i.f. noise silencer circuit shown in Fig. 5-22 

is designed to Is. used in a reveiver as far along 
from the antenna stage as possilde but ahead of 
the high-selectivity section of the receiver. Noise 
pulses are amplified and rectified, and the result-
ing negative-going dat. pulses are used to cut off 
an amplifier stage during the pulse. A manual 
"threshold" control is set by the operator to a 
level that only permits rectification of the noise 
pulses that rise above the peak amplitude of the 
desired signal. The clamp diode, VIA, short cir-
cuits the positive-going pulse " overshoots." Run-
ning the 6BE6 controlled i.f. amplifier at low 
screen voltage makes it possible for the No. 3 
grid (pin 7) to cut off the stage at a lower voltage 
than if the screen were operated at the more-
normal 100 volts, but it also reduces the available 
gain through the stage. 

It is necessary to avoid i.f. feedback around the 
611E6 stage, and the closer Riirs can be to self-
resonant at the i.f. the better will be the filtering. 
The filtering cannot be improved by increasing 
the values of the 150-amf. capacitors bevause this 
will tend to " stretch" the pulses and reduce the 
signal strength when the silencer is operative. 

• SIGNAL-STRENGTH AND 
TUNING INDICATORS 

The simplest tuning indicator is a milliammeter 

CONTROLLED I.E 

613E6 5 
TO SELECTIVE 

STAGES 

6 CLAMP 

VIA 

6AL5 

NOISE RECT. 

2 

+250 150»pf. 

250 
THRESHOLD 

.1.2—Diode if, transformer. 

12, — 33,000 to 68,000 ohms, depending upon gain up to 
this stage. 

RFCI—R.f. choke, preferably self- resonant at if. 

connected its the d.c. plate lead of an a.g.c.-
controlled r.f. or i.f. stage. Since.the plate current 
is reduced as the a.g.c. voltage becomes higher 
with a stronger signal, the plate current is a 
measure of the signal strength. The meter can 
have a 0-1, 0-2 or 0-5 ma. movement, and it 
should be shunted by a 25-ohms rheostat which is 
used to set the no-signal reading to full scale on 
the meter. If a " forward-reading" meter is de-
sired, the meter can be mounted upside down. 
Two other S-meter circuits are shown in Fig. 

5-23. The system at A uses a milliammeter its a 
bridge circuit, arranged so that the meter read-
ings increase with the a.v.c. voltage and signal 
strength. The meter reads approximately in a 
linear decibel scale and will not be " crowded." 
To adjust the system in Fig. 5-23A, pull the 

tube out of its socket or otherwise break tlse 
cathode circuit so that no plate current flows, 
and adjust the value of resistor RI across the 
meter until the scale reading is maximum. The 
value of resistance required will depend on the 
internal resistance of the meter, and must be 
determined by trial and error (the current is 
approximately 2.5 ma.). Then replace the 
tube, allow it to warns up. turn the a.g.c. switch 
to " off" so the grid is shorted to ground, and 
adjust the 3000-ohm variable resistor for zen) 
meter current. ‘‘ ' hen the a.g.c. is " on," Ilse 
meter will follow the signal variations up to 
the point where the voltage is high enough to 
cut off the meter tube's plate current. With a 
6.15 or 6SN7GT this will occur in the neighbor-
hood of 15 volts, a high-amplitude signal. 
The circuit of Fig. 5-23B requires no additional 

tubes. The resistor R2 is the normal cathode 

105 



5 — HIGH-FREQUENCY RECEIVERS 
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fig. 5-23—Tuning indicator or S-meter circuits for super-
heterodyne receivers. 

MA-0-) or 0-2 milliammeter. Ri—R4—See text. 

A.F. AMP 

resistor of an a.g.c.-controlled i.f. stage; its 
cathode resistor should be returned to chassis and 
not to the manual gain control. The sum of R3 
plus R4 should equal the normal cathode resistor 
for the audio amplifier, and they should be pro-
portioned so that the arm of R3 can pick off a 
voltage equal to the normal cathode voltage for 
the if. stage. In some cases it may be necessary 
to interchange the positions of R3 and R4 in the 
circuit. 
The zero-set control R3 should be set for no 

reading of the meter with no incoming signal, 
and the 1500-ohm sensitivity control should be 
set for a full meter reading with the i.f. tube 
removed from its socket. 

Neither of these S-meter circuits can be 
"pinned", and only severe misadjustment of the 
zero-set control can injure the meter. 

e HEADPHONES AND LOUDSPEAKERS 
There are two basic types of headphones in 

common use, the magnetic and the crystal. A 
magnetic headphone uses a small electromagnet 
that attracts and releases a steel diaphragm in 
accordance with the electrical output of the radio 
receiver; this is similar to the " receiver" portion 
of the household telephone. A crystal headphone 

uses the piezoelectric properties of a pair of 
Rochelle-salt or other crystals to vibrate a dia-
phragm in accordance with the electric-al output 
of the radio receiver. Magnetic headphones can 
be used in circuits where d.c. is flowing, such as 
the plate circuit of a vacuum tube, provided the 
current is not too heavy to be carried by the wire 
in the coils; the limit is usually a few milliam-
peres. Crystal headphones can be used only on 
a.c. (a steady d.c. voltage will damage the crystal 
unit), and consequently must Is coupled to a 
tube through a device, suelt as a capacitor or 
transformer, that isolates the d.c. but passes the 
a.c. Most modern receivers have a.c. coupling to 
the headphones and hence either type of head-
phone can be used, but it is wise to look first at 
the circuit diagram in the instruction book and 
make sure that the headphone jack is connected 
to the secondary of the output transformer, as is 
usually the ease. 

In general, crystal headphones will have con-
siderably wider and " flatter" audio response than 
will magnetic headphones (except those of the 
"hi-fi" type that sell at premium prices). The 
lack of wide response in the magnetic headphones 
is sometimes an advantage in code reception, 
since the desired signal can be set on the peak 
and be given a boost in volume over the unde-
sired signals at slightly different frequencies. 

Crystal headphones are available only in high-
impedance values around 50,000 ohms or so, 
while magnetic headphones run around 10,000 to 
20,000 ohms, although they can be obtained in 
values as low as 15 ohms. Usually the impedance 
of a headphone set is unimportant because there 
is more than enough power available from the 
radio receiver, but in marginal eases it is possible 
to improve the acoustic output through a better 
match of headphone to output impedance. When 
headphone sets are connected in series or in 
parallel t hey must be of similar impedance levels 
or one set will " hog" most of the power. 
Loud speakers are practically always of the 

low-impedance permanent-field dynamic variety, 
and the loudspeaker output connections of a 
receiver can connect directly to the voice coil of 
the loudspeaker. Some receivers also provide a 
"500-ohm out for (q:ennect ion to a long line to 
a remote lotalspeaker. A louttlspeaker recptires 
mounting in a suitable enclosure if full low-
frequency response is to be obtained. 

Improving Receiver Selectivity 

• INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

As mentioned earlier in this chapter, one of 
the big advantages of the superheterodyne 
receiver is the improved selectivity that is possi-
ble. This selectivity is obtained in the i.f. ampli-
fier, where the lower frequency allows more 
selectivity per stage than at the higher signal 
frequency. For phone reception, the limit to 
useful selectivity in the i.f. amplifier is the point 

wliere so many of the sidebands are eut that 
inIelliuibility is lost, although it is possible to 
remove completely one full set of side bands 
without impairing the quality at all. Maximum 
receiver selectivity in phone reception requires 
good stability in both transmitter and receiver, 
so that they will both remain "in tune" during 
the transmission. The limit to useful selectivity 
in code work is around 100 or 200 eydes for 
hand-key speeds, but this much selectivity re-
quires good stability in both transmitter and 
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receiver, and a slow receiver tuning rate for ease 
of operation. 

Single-Signal Effect 

In heterodyne c.w. reception with a super-
heterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note 
when the incoming signal is converted to the 
intermediate frequency. For example, the beat 
oscillator may be set to 456 kc. (the i.f. being 
455 kc.) to give a 1000-cycle beat note. Now, 
if an interfering signal appears at 457 kc., or 
if the receiver is tuned to heterodyne the in-
coming signal to 457 kc., it will also be hetero-
dyned by the beat oscillator to produce a 1000-
cycle beat. Hence every signal can be tuned 
in at two places that will give a 1000-cycle beat 
(or any other low audio frequency). This audio-
frequency image effect can be reduced if the 
i.f. selectivity is such that the incoming signal, 
when heterodyned to 457 ke., is attenuated to 
a very low level. 
When this is done, tuning through a given 

signal will show a strong response at the de-
sired beat note on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat characteristic of less-selective recep-
tion, hence the name: single-signal reception. 
The necessary selectivity is not obtained with 

nonregenerative amplifiers using ordinary tuned 
circuits unless a low i.f. or a large number of 
circuits is used. 

Regeneration 

Regeneration can be used to give a single 
signal effect, particularly when the i.f. is 455 kc. 
or lower. The resonance curve of an i.f. stage at 
critical regeneration (just below the oscillating 
point) is extremely sharp, a bandwidth of 1 kc. 
at 10 times down and 5 kc. at 100 times down 
being obtainable in one stage. The audio-fre-
quency image of a given signal thus can be re-
duced by a factor of nearly 100 for a 1000-cycle 
beat note (image 2000 cycles from resonance). 

Regeneration is easily introduced into an i.f. 
amplifier by providing a small amount of ca-
pacity coupling between grid and plate. Bringing 
a short length of wire, connected to the grid, 
into the vicinity of the plate lead usually will 
suffice. The feedback may be controlled by the 
regular cathode-resistor gain control. When the 
i.f. is regenerative, it is preferable to operate the 
tube at reduced gain (high bias) and depend on 
regeneration to bring up the signal strength. This 
prevents overloading and increases selectivity. 
The higher selectivity with regeneration re-

duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
However, the regenerative gain varies with signal 
strength, being less on strong signals. 

Crystal-Filters; Phasing 

Probably the simplest means for obtaining 
high selectivity is by the use of a piezoelectric 
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Fig. 5- 24—Typical response curve of a crystal filter. The 
notch can be moved to the other side of the response peak 
by adjustment of the " phasing" control. With the above 
curve, setting the b.f.o. at 454 kc. would give good single. 

signal c.w. reception. 

quartz crystal as a selective filter in the i.f. 
amplifier. Compared to a good tuned circuit, 
the Q of such a crystal is extremely high. The 
crystal is ground resonant at the i.f. and used as a 
selective coupler between i.f. stages. 

Fig. 5-24 gives a typical crystal-filter reso-
nance curve. For single-signal reception, the 
audio-frequency image can be reduced by 
50 db. or more. Besides practically eliminating 
the a.f. image, the high selectivity of the crystal 
filter provides good discrimination against adja-
cent signals and also reduces the noise. 
Two crystal-filter circuits are shown in Fig. 

5-25. The circuit at A (or a variation) is found 
in many of the current communications receiv-
ers. The crystal is connected in one side of a 
bridge circuit, and a phasing capacitor, C1, is 
connected in the other. When C1 is set to balance 
the crystal-holder capacitance, the resonance 
curve of the filter is practically symmetrical; the 
crystal acts as a series-resonant circuit of very 
high Q and allows signals over a narrow band of 
frequencies to pass through to the following tube. 
More or less capacitance at C1 introduces the 
"rejection notch" of Fig. 5-24 (at 453.7 kc. as 
drawn). The Q of the load circuit for the filter is 
adjusted by the setting of RI, which in turn 
varies the bandwidth of the filter from "sharp" 
to a bandwidth suitable for phone reception. 
Some of the components of this filter are special 
and not generally available to amateurs. 
The " band-pass" crystal filter at B uses two 

crystals separated slightly in frequency to give 
a band-pass characteristic to the filter. If the 
frequencies are only a few hundred cycles apart, 
the characteristic is an excellent one for c.w. 
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Fig. 5-25—A variable- selectivity crystal filter ( A) and a 
band-pass crystal filter ( B). 

reception. With crystals about 2 kc. apart, a 
good phone characteristic is obtained. 

Additional I.F. Selectivity 

Many commercial communications receivers 
do not have sufficient selectivity for amateur 
use, and their performance can be improved 
by additional i.f. selectivity. One method is to 
loosely couple a BC-453 aircraft receiver (war 
surplus, tuning range 190 to 550 kc.) to the 
tail end of the 455-kc. i.f. amplifier in the com-
munications receiver and use the resultant out-
put of the BC-453. The aircraft receiver uses an 
85-kc. i.f, amplifier that is sharp for voice work — 
6.5 kc. wide at — 60 db. — and it helps considerably 
in separating phone signals and in backing up 
crystals filters for improved e.w. reception. 

If a BC-453 is not available, one can still enjoy 
the benefits of improved selectivity. It is only 
necessary to heterodyne to a lower frequency the 
455-kc. signal existing in the receiver i.f. amplifier 
and then rectify it after passing it through the 
sharp low-frequency amplifier. The J. W. Miller 
Company offers 50-kc. transformers for this 
application. 

• RADIO-FREQUENCY AMPLIFIERS 
While selectivity to reduce audio-frequency 

images can be built into the i.f. amplifier, dis-
crimination against radio-frequency images can 
only be obtained in circuits ahead of the first 
detector. These tuned circuits and their associ-
ated vacuum tubes are called radio-frequency 
amplifiers. For top performance of a communica-
tions receiver on frequencies above 7 Mc., it is 
mandatory that it have a stage of r.f. amplifica-
tion, for image rejection and a good noise figure 
(mixers are noisier than amplifiers). 

Receivers with an i.f. of 455 kc. can be ex-
pected to have some r.f. image response at a 
signal frequency of 14 Mc. and higher if only 
one stage of r.f. amplification is used. (Regen-

eration in the r.f. amplifier will reduce image 
response, but regeneration usually requires fre-
quent readjustment when tuning across a band.) 
With two stages of r.f. amplification and an i.f. 
of 455 kc., no images should be apparent at 14 
Mc., but they will show up on 28 Mc. and higher. 
Three stages or more of r.f. amplification, with 
an if. of 455 kc., will reduce the images at 28 Mc., 
but it really takes four or more stages to do a 
good job. A common solution at 28 Mc. is to use a 
"double-eonversion" superheterodyne, with one 
stage of r.f. amplification and a first i.f. of 1600 
kc. or higher. A normal receiver with an i.f. of 
455 kc. can be converted to a double conversion 
by connecting a " converter" ahead of the re-
ceiver. 

For best selectivity, r.f. amplifiers should use 
high-Q circuits and tubes with high input and 
output resistance. Variable-a pentodes are prac-
tically always used, although triodes (neutral-
ized or otherwise connected so that they won't 
oscillate) are often used on the higher frequen-
cies because they introduce less noise. Pentodes 
are better where maximum image rejection is 
desired, because they have less loading effect on 
the tuned circuits. 

Transistor R. F. Amplifier 

A typical r.f. amplifier circuit using a 2N370 
transistor is shown in Fig. 5-26. Since it is de-
sirable to maintain a reasonable Q in the tuned 
circuits, to reduce r.f. image response, the base 
and collector are both tapped down on their 
tuned circuits. An alternative method, using low-
impedance inductive coupling, is shown in Fig. 
5-26B; this method is sometimes easier to adjust 
than the taps illustrated in Fig. 5-26A. The tuned 

Cl 

(B) 
/77 

TO MIXER 

RASE 

Fig. 5-26—Transistor r.f. amplifier circuit. The low-im-
pedance connections to the base and collector can be (A) 
taps on the inductors or (B) low-impedance coupling links. 

L2C2—Resonant at signal frequency. 
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circuits, Lirj and t2(2, should resonate at the 
opera t ing frequency, and they should be mounted 
or shielded to eliminate inductive coupling be-
twel 'II each other. 

• FEEDBACK 
Feedback giving rise to regeneration and 

oseillation can occur in a single stage or it may 
appear as an over-all feedback through several 
stages that are on the same frequency. To avoid 
feedback in a single stage, the output must be 
isolated from the input in every way possible, 
‘‘. it li the vacuum tube furnishing the only cou-
pling bet ween the two circuits. An oscillation 
can be obtained in an r.f. or i.f. stage if there is 
any undue capacitive or inductive coupling be-
tween output and input circuits, if there is too 
high an impedance between cathode and ground 
or semen and ground, or if there is any appre-
ciable impedance through which the grid and 
plate currents can flow in common. This means 
good shielding of coils and tuning capacitors in r.f. 
and i.f. circuits, the use of good bypass capaci-
tors (mica or ceramic at r.f., paper or ceramic 
at i.f.), and returning all bypass capacitors 
grid, cathode, plate and screen) for a given stage 
with short leads to one spot on the chassis. If 
single-ended tubes are used, the screen or cathode 
bypass capacitor should be mounted across the 
socket, to serve as a shield between grid and 
plate pins. Less care is required as the frequency 
is lowered, but in high-impedance circuits, it is 
sometimes necessary to shield grid and plate 
leads and to be careful not to run them close 
toget 
To avoid over-all feedback in a multistage 

amplifier, attention must be paid to avoid run-
ning any part of the output circuit back near the 
input circuit without first filtering it carefully. 
Since the signal-carrying parte of the circuit (the 
"hot" grid and plate leads) can't be filtered, 
the best design for any multistage amplifier 
is a straight line, to keep the output as far away 
from the input as possible. For example, an r.f. 
amplifier might run along a chassis in a straight 
line, run into a mixer where the frequency is 
changed, and then the i.f. amplifier could be run 
back parallel to the r.f. amplifier, provided there 
was a very large frequency difference between the 
r.f. and the i.f. amplifiers. However, to avoid 
any possible coupling, it would be better to run 
the i.f. amplifier off at right angles to the r.f.-
amplifier line, just to be on the safe side. Good 
shielding . is important in preventing over-all 
oscillation in high-gain-per-stage amplifiers, but 
it becomes less important when the stage gain 
drops to a low value. In a high-gain amplifier, 
the power leads (including the heater circuit) 
are common to all stages, and they can provide 
the over-all coupling if they aren't properly 
filtered. Good bypassing and the use of series 
isolating resistors will generally eliminate any 
possibility of coupling through the power leads. 
R.f. chokes, instead of resistors, are used in the 
heater leads where necessary. 

• CROSS-MODULATION 
Since a one- or two-stage r.f. amplifier will 

have a bandwidth measured in hundreds of ke. 
at 14 Mc. or higher, strong signals will be ampli-
fied through the r.f. amplifier even though it is 
not tuned exactly to them. If these signals are 
strong enough, their amplified magnitude may 
be measurable in volts after passing through 
several r.f. stages. If an undesired signal is strong 
enough after amplification in the r.f. stages to 
shift the operating point of a tube (by driving the 
grid into the positive region), the undesired signal 
will modulate the desired signal. This effect 
is called cross-modulation, and is often encoun-
tered in receivers with several r.f. stages working 
at high gain. It shows up as a superimposed mod-
ulation on the signal being listened to, and often 
the effect is that a signal can be tuned in at sev-
eral points. It can be reduced or eliminated by 
greater selectivity in the antenna and r.f. stages 
(difficult to obtain), the use of variable-ii tubes 
in the r.f. amplifier, reduced gain in the r.f. ampli-
fier, or reduced antenna input to the receiver. 
The 6BJ6, 6BA6 and 6DC6 are recommended 
for r.f. amplifiers where cross-modulation may be 
a problem. 
A receiver designed for minimum cross-modu-

lation will use as little gain as possible ahead of 
the high-selectivity stages, to hold strong un-
wanted signals below the overload point. 

Gain Control 

To avoid cross-modulation and other over-
load effects in the mixer and r.f. stages, the gain 
of the r.f. stages is usually made adjustable. 
This is accomplished by using variable-g tubes 
and varying the d.c. grid bias, either in the grid 
or cathode circuit. If the gain control is auto-
matic, as in the case of a.g.c., the bias is con-
trolled in the grid circuit. Manual control of r.f. 
gain is generally done in the cathode circuit. A 
typical r.f. amplifier stage with the two types of 
gain control is shown in schematic form in Fig. 
5-27. 

Tracking 

In a receiver with no r.f. stage, it is no incon-

FROM 
ANTENNA 
OR PRECEDIND 
STAGE 

+250 A.GC MANUAL 
CON ROL GAIN-CONTROL 
VOLTAGE VOLTAGE 

TO TO GRID 
OF MIXER 
OR FOLLOWING 
R.FANPLIFIER 

Fig. 5- 27—Typical radio-frequency amplifier circuit for 
a superheterodyne receiver. Representative values for 

components are as follows: 

CI to C1-0.01 µf. below 15 Mc., 0.001 jf. at 30 Mc. 
121, R2— See Table 5-11. 
R3-1800 ohms. 
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Fig. 5-28 — A practical squelch circuit for cutting off ttse 
receiver output when no signal is present. 

venience to adjust the high-frequency oscillator 
and the mixer circuit independently, because 
the mixer tuning is broad and requires little 
attention over an amateur band. However, when 
r.f. stages are added ahead of the mixer, the r.f. 
stages and mixer will require retuning over an 
entire amateur band. Hence most receivers with 
one or more r.f. stages gang all of the tuning con-
trols to give a single-tuning-control receiver. 
Obviously there must exist a constant difference 
in frequency (the i.f.) between the oscillator and 
the mixer/r.f. circuits, and when this condition 
is achieved the circuits are said to track. 

In amateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer 
tuned circuits so that both cover the same total 
number of kilocycles. For example, if the i.f. is 
455 kc. and the mixer circuit tunes from 7000 
to 7300 kc. between two given points on the 

dial, then the oscillator must tune from 7455 to 
7755 kc. between the same two dial readings. 
With the bandspread arrangement of Fig. 5-9A, 
the tuning will be practically straight-line-fre-
quency if C2 (bandset) is 4 times or more the 
maximum capacity of C1 (bandspread), as is 
usually the case for strictly amateur-band cover-
age. C1 should be of the straight-line-capacity 
type (semicircular plates). 

Squelch Circuits 

An audio squelch circuit is one that cuts off the 
receiver output when no signal is coming through 
the receiver. It is useful in mobile or net work 
where the no-signal receiver noise may be as 
loud as the signal, causing undue operator fa-
tigue during no-signal periods. 
A practical squelch circuit is shown in Fig. 5-28, 

When the a.g.c. voltage is low or zero, the 6S.17 
draws plate current. Voltage drop across the 
47,000-ohm resistor in its plate circuit cuts off 
the 6J5 and no receiver signal or noise is passed. 
When the a.g.c. voltage rises to the cut-off value 
of the 68‘17, the pentode no longer draws current 
and the bias on the 6J5 is now only the operating 
bias, furnished by the 1000-ohm cathode resistor. 
The triode now functions as an ordinary ampli-
fier and passes signals. By varying the screen 
voltage on the 6SJ7 through RI, the pentodes 
cut-off bias can be vatied, so that the relation 
between a.g.c. voltage and signal cut-off point of 
the amplifier is adjustable. 

Connections to the receiver consist of two a. f. 
lines (shielded), the a.g.c. lead, and chassis 
ground. The squelch circuit is normally inserted 
between detector output and the audio volume 
control of the receiver. Since the circuit is used 
in the low-level audio point, its plate supply 
must be free from a.c. or objectionable hum will 
be introduced. 

Improving Receiver Sensitivity 

The sensitivity (signal-to-noise ratio) of a re-
ceiver on the higher frequencies above 20 Mc. 
is dependent upon the band width of the re-
ceiver and the noise contributed by the "front 
end" of the receiver. Neglecting the fact that 
image rejection may be poor, a receiver with no 
r.f. stage is generally satisfactory, from a sen-
sitivity point, in the 3.5- and 7-Mc. bands. How-
ever, as the frequency is increased and the at-
mospheric noise becomes less, the advantage 
of a good "front end" becomes apparent. Hence 
at 14 Mc. and higher it is worth while to use 
at least one stage of r.f. amplification ahead of 
the first detector for best sensitivity as well as 
image rejection. The multigrid converter tubes 
have very poor noise figures, and even the best 
pentodes and triodes are three or four times 
noisier when used as mixers than they are when 
used as amplifiers. 

If the purpose of an r.f. amplifier is to improve 

the receiver noise figure at 14 Mc. and higher, 
a high-g„, pentode or triode should be used. 
Among the pentodes, the best tubes are the 
6AC7, 6AK5 and the 65G7, in the order named. 
The 6AK5 takes the lead around 30 Mc. The 
6J4, 6J6, and triode-connected 6AK5 are the 
best of the triodes. For best noise figure, the 
antenna circuit should be coupled a little heavier 
than optimum. This cannot give best selectivity 
in the antenna circuit, so it is futile to try to 
maximize sensitivity and selectivity in this circuit. 
When a receiver is satisfactory in every respect 

(stability and selectivity) except sensitivity on 
14 through 30 Mc., the best solution for the ama-
teur is to add a preamplifier, a stage of r.f. am-
plification designed expressly to improve the 
sensitivity. If image rejection is lacking in the 
receiver, some selectivity should be built into the 
preamplifier (it is then called a preselector). If, 
however, the receiver operation is poor on the 
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higher frequencies but is satisfactory on the 
lower ones, a "converter" is the best solution. 
Some commercial receivers that appear to 

lack sensitivity on the higher frequencies can 
be improved simply by tighter coupling to the 
antenna. This can be accomplished by changing 
the antenna feed line to the right value (as de-
termined from the receiver instruction book) or 
by using a simple matching device as described 
later in this chapter. Overcoupling the input 
circuit will often improve sensitivity but it will, 
of course, always reduce the image-rejection coo-
t Titration of the antenna circuit. 

Regeneration 

Regeneration in the r.f. stage of a receiver 
(where only one stage exists) will often improve 
the sensitivity because the greater gain it pro-
vides serves to mask more completely the first-
detector noise, and it also provides a measure of 
automatic matching to the antenna through 
tighter coupling. However, accurate ganging 
becomes a problem, because of the increased 
selectivity of the regenerative r.f. stage, and the 
receiver almost invariably becomes a two-handed-

tuning device. Regeneration should not be over-
looked as an expedient, however, and amateurs 
have used it with considerable success. High-gm 
tubes are the best as regenerative amplifiers, 
and the feedback should not be controlled by 
changing the operating voltages (which should 
be the same as for the tube used in a high-gain 
amplifier) but by changing the loading or the 
feedback coupling. This is a tricky process and 
another reason why regeneration is not too widely 
used. 

Gain Control 

In a receiver front end designed for best signal-
to-noise ratio, it is advantageous in the reception 
of weak signals to eliminate the gain control 
from the first r.f. stage and allow it to run "wide 
open" all of the time. If the first stage is con-
trolled along with the i.f. (and other r.f. stages, 
if any), the signal-to-noise ratio of the receiver 
will suffer. As the gain is reduced, the g., of the 
first tube is reduced, and its noise figure becomes 
higher. A good receiver might well have two 
gain controls, one for the first radio-frequency 
stage and another for the i.f. and other r.f. stages. 

Tuning a Receiver 

C. W. Reception 

For making code signals audible, the beat 
oscillator should be set to a frequency slightly 
different from the intermediate frequency. To 
adjust the beat-oscillator frequency, first tune 
in a moderately weak but steady carrier with 
the beat oscillator turned off. Adjust the receiver 
tuning for maximum signal strength, as indicated 
by maximum hiss. Then turn on the beat os-
cillator and adjust its frequency (leaving the 
receiver tuning unchanged) to give a suitable 
beat note. The beat oscillator need not subse-
quently be touched, except for occasional check-
ing to make certain the frequency has not drifted 
from the initial setting. The b.f.o. may be set 
on either the high- or low-frequency side of zero 
beat. 
The best receiver condition for the reception of 

code signals will have the first r.f. stage running 
at maximum gain, the following r.f., mixer and 
if. stages operating with just enough gain to 
maintain the signal-to-noise ratio, and the audio 
gain set to give comfortable headphone or speaker 
volume. The audio volume should be controlled 
by the audio gain control, not the i.f. gain con-
trol. Under the above conditions, the selectivity 
of the receiver is being used to best advantage, 
and cross-modulation is minimized. It precludes 
the use of a receiver in which the gains of the 
r.f. and i.f. stages are controlled simultaneously. 

Tuning with the Crystal Filter 

If the receiver is equipped with a crystal filter 
the tuning instructions in the preceding para-
graph still apply, but more care must be used 

both in the initial adjustment of the beat oscil-
lator and in tuning. The beat oscillator is set as 
described above, but with the crystal filter set at 
its sharpest position, if variable selectivity is 
available. The initial adjustment should be made 
with the phasing control in an intermediate 
position. Once adjusted, the beat oscillator should 
be left set and the receiver tuned to the other 
side of zero beat (audio-frequency image) on 
the same signal to give a beat note of the same 
tone. This beat will be considerably weaker 
than the first, and may be "phased out" almost 
completely by careful adjustment of the phasing 
control. This is the adjustment for normal oper-
ation; it will be found that one side of zero beat 
has practically disappeared, leaving maximum 
response on the other. 
An interfering signal having a beat note differ-

ing from that of the a.f. image can be similarly 
phased out, provided its frequency is not too 
near the desired signal. 
Depending upon the filter design, maximum 

selectivity may cause the dots and dashes to 
lengthen out so that they seem to "run together." 
It must be emphasized that, to realize the bene-
fits of the crystal filter in reducing interference, 
it is necessary to do all tuning with it in the cir-
cuit. Its high selectivity often makes it difficult to 
find the desired station quickly, if the filter 
is switched in only when interference is present. 

A.M. Phone Reception 

In reception of a.m. phone signals, the normal 
procedure is to set the r.f. and i.f. gain at maxi-
mum, switch on the a.g.c., and use the audio gain 
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control for setting the volume. This insures maxi-
mum effectiveness of the a.g.c. system in com-
pensating for fading and maintaining constant 
audio output on either strong or weak signals. 
On occasion a strong signal close to the frequency 
of a weaker desired station may take control of 
the a.g.c., in which case the weaker station may 
disappear because of the reduced gain. In this 
case better reception may result if the a.g.c. is 
switched off, using the manual r.f. gain control 
to set the gain at a point that prevents "block-
ing- by the stronger signal. 
When receiving an a.m. signal on a frequency 

wit hin 5 to 20 ke. from a single-sideband signal 
it may also be necessary to switch off the a.g.c. 
and resort to the use of manual gain control, 
unless the receiver has excellent skirt selectivity. 
No ordinary a.g.e. circuit van handle the syllabic 
bursts of energy from the sidehand station, but 
there are special circuits that will. 
A crystal filter will help reduce interference in 

phone reception. Although the high selectivity 
ruts sidebands and reduces the audio output at 
the higher audio frequencies, it is possible to use 
quite high selectivity without dest roying intelligi-
bility. As in code reception. it is advisable to do 
all tuning with the filter in the circuit. Variable-
selectivity filters permit a choice of selectivity to 
suit interference conditions. 
An undesired carrier close in frequency to a 

desired carrier will heterodyne with it to pro-
duce a beat note equal to the frequency differ-
ence. Such a heterodyne can be reduced by ad-
justment of the phasing control in the crystal 

A tone control often will be of help in reducing 
the effects of high-pit ehed hetertidynes, sideband 

splatter and noise, by cutting off the higher audio 
frequencies. This, like sideband cutting with high 
selectivity circuits, reduces naturalness. 

Spurious Responses 

Spurious responses can be recognized without 
a great deal of difficulty. Often it is possible to 
identify an image by the nature of the trans-
mitting station, if the frequency assignments 
applying to the frequency to which the receiver 
is tuned are known. However, an image also can 
be recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same fre-
quency, the beat note will not change as the re-
ceiver is tuned through the signal: but if the inter-
fering signal is an image, the beat will vary in 
pitch as the receiver is tuned. The beat oscillator 
in the receiver must be turned off for this test. 
Using a crystal filter with the beat oscillator on, 
an image will peak on the side of zero beat op-
posite that on which desired signals peak. 
Harmonic response can be recognized by the 

"tuning rate," or movement of the tuning dial 
required to give a specified change in beat note. 
Signals getting into the i.f. via high-frequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat 
note than do signals received by normal means. 

Harmonics of the beat oscillator can be rec-
ognized by the tuning rate of the beat-oscillator 
pitch control. A smaller movement of the ct uit rol 
will suffice for a given change in beat note t han 
that necessary with legitimate signals. In poorly-
shielded receivers it is often possible to find b. fo. 
harmonics below '2 Mc., lait they should be very 
weak at higher frequencies. 

Alignment and Servicing of Superheterodyne 
Receivers 

I.F. Alignment 
A calibrated signal generator or test oscillator 

is a useful device for alignment of an i.f. amplifier. 
Some means fun. measuring the output of the re-
ceiver is required. If the receiver has a tuning 
meter, its indications will serve. Lacking an 
S met et, a high-resistance voltmet er or a vacuum-
tube voltmeter can be connected avross the sec-
¡nut-detector load resistor, if the second detector 
is a diode. Alternatively, if the signal generator 
is a modulated type, an a.c. voltmeter can be 
connected across the primary of the transformer 
feeding the speaker, or front the plate of t he last 
audio amplifier through a 0. Honing c;i-
pacitor to the receiver chassis. Lacking an tie. 
voltmeter, the audio output can be judged by 
ear, although this method is not as accurate as 
the others. If the tuning meter is used as an indi-
cation, the a.g.c. of the receiver should be turned 
on, but any other indication requires that it be 
turned off. Lacking a test oscillator, a steady 
signal tuned through the input of the receiver 
(if the job is one of just touching up the i.f. 

amplifier) will be suitable. However, \\ ilk no 
os•illator and tuning an amplifier for the first 
time, one's only recourse is to try to peak the 
i.f. transformers on "noise," a difficult task if t he 
transformers are badly off resonance, as they 
are apt to be. It would be much het t er to haywire 
together a simple oscillator for test purposes. 

Initial alignment of a new i.f, amplifier is as 
follows: The test oscillator is set to the correct 
frequency, and its output is coupled through a 
caparitor to the grid of the last i.f. amplifier 
tube. Tlw trimmer raparitors of the transformer 
feeding the second detector are then adjusted 
for maximum output, as shown by the indicating 
device being used. The oscillator output lead is 
then clipped on to the grid of the next-to-the-last 
i.f. amplifier tube, and the second-from-the-last 
transformer trinuner adjustments are peaked for 
maximum output. This process is continued, 
working back from the second detector, until all 
of the i.f. transformers have been aligned. It 
will be necessary to reduce the output of the test. 
oscillator as more of the i.f. amplifier is brought 
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into use. It is desirable in all cases to use the 
minimum signal that will give useful output 
readings. The i.f. transformer in the plate circuit 
of the mixer is aligned with the signal introduced 
to the grid of the mixer. Since the tuned circuit 
feeding the mixer grid may have a very low im-
pedanci. :, t the i.f., it may be necessary to boost 
the test generator output or to disconnect the 
tuned i•irottit t emporarily from the mixer grid. 

If the i.f. amplifier has a crystal filter, the 
filter should first be switched out and the align-
ment carried out, as above, setting the test oscil-
lator as closely as possible to the crystal fre-
quency. When this is completed, the crystal 
should be switched in and the oscillator frequency 
varied back and forth over a small range either 
sale of the crystal frequency to find the exact 
frequency, as indicated by a sharp rise in output. 
Leaving the test oscillator set on the crystal 
peak, the i.f. trimmers should be realigned for 
maximum output. The necessary readjustment 
should be small. The oscillator frequency should 
lw checked frequently to make sure it has not 
drifted from the crystal peak. 
A modulated signal is not of much value for 

aligning a crystal-filter i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the tuning indication. Lacking the a.v.c. tuning 
meter, the transformers may be conveniently 
aligned by ear, using a weak umnodulated sig-
nal adjusted to the crystal peak. Switch on the 
beat oscillator, adjust to a suitable tone, and 
align the i.f. transformers for maximum audio 
output. 
An amplifier that is only slightly out of align-

ment, as a result of normal drift or aging, can 
be rualigned by using any steady signal, such as 
a loyal broadcast station, instead of the test 
osvillat or. One's 100-kc. standard makes an ex-
rellent signal source for "touching up" an i.f. 
amplifier. Allow the receiver to warm up thor-
oughly, tune in the signal, and trim the i.f. for 
maximum output. 

If you bought your receiver instead of mak-
ing it, be sure to read the instruction book care-
fully before attempting to realign the receiver. 
Most instruction books include alignment 
details, and any little special tricks that are 
peculiar to the receiver will also be described in 

R.F. Alignment 

The objective in aligning the r.f. circuits 
of a gang-tuned receiver is to secure adequate 
tracking over each tuning range. The adjustment 
may be carried out with a test oscillator of suit-
able frequency range, with harmonies from your 
100-kc. standard or other known oscillator, or 
even on noise or such signals as may be heard. 
First set the tuning dial at the high-frequency 
end of the range in use. Then set the test oscil-
lator to the frequency indicated by the receiver 
dial. The test-oscillator output may be connected 
to the antenna terminals of the receiver for this 
test. Adjust the oscillator trimmer capacitor 

in the receiver to give maximum response on 
the test-oscillator signal, then reset the receiver 
dial to the low-frequency end of the range. Set 
the test-oscillator frequency near the frequency 
indicated by the receiver dial and tune the test 
oscillator until its signal is heard in the receiver. 
If the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver dial, more inductance 
(or more capacity in the tracking capa(itor) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less tracking 
capacity) is required in the receiver oscillator. 
Most commercial receivers provide some means 
for varying the inductance of the coils or the 
capacity of the tracking capacitor, to permit 
aligning the receiver tuning with the dial calibra-
tion. Set the test oscillator to the frequency indi-
cated by the receiver dial, and then adjust the 
tracking capacity or inductance of the receiver 
oscillator coil to obtain maximum response. After 
making this adjustment, recheck the high-fre-
quency end of the scale as previously described. 
It may be necessary to go back and forth between 
the ends of the range several times before the 
proper combination of inductance and capacity 
is secured. In many cases, better over-all tracking 
will result if frequencies near but not actually at 
the ends of the tuning range are selected, instead 
of taking the extreme dial settings. 

After the oscillator range is properly adjusted, 
set the receiver and test oscillator to the high-
frequency end of the range. Adjust the mixer 
trimmer capacitor for maximum hiss or signal, 
then the r.f. trimmers. Reset the tuning dial 
and test oscillator to the low-frequency end of 
the range, and repeat ; if the circuits are properly 
designed, no change in trimmer settings should 
be necessary. If it is necessary to increase the 
trimmer capacity in any circuit, more inductance 
is needed; conversely, if less capacity resonates 
the circuit, less inductance is required. 
Tracking seldom is perfect throughout a tun-

ing range, so that a check of alignment at inter-
mediate points in the range may show it to be 
slightly on'. Normally the gain variation will be 
small, however, and it will suffice to bring the 
circuit s into line at both ends of the range. If 
most ¡'(('i' pt ion is in a particular part of the range, 
such as an amateur band, the circuit s may be 
aligned for maximum perf01111:1111, in t hat region, 
even though the ends of the frill tency range as a 
whole may be slightly out of alignment. 

Oscillation in R.F. or I.F. Amplifiers 

Oscillation in high-frequency amplifier and 
mixer circuits shows up as squeals or "birdies" 
as the tuning is varied, or by complete lack of 
audible output if the oscillation is strong enough 
to cause the it.g.c. system to reduce the receiver 
gain drastically. Oscillation can be caused by 
poor connections in the common ground circuits. 
Inadequate or defective bypass capacitors in 
cathode, plate and screen-grid circuits also can 
cause such oscillation. A metal tube with an un-
grounded shell may cause trouble. Improper 
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screen-grid voltage, resulting from a shorted or 
too-low screen-grid series resistor, also may be 
responsible for such instability. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning, and is indicated by 

a continuous squeal that appears when the gain 
is advanced with the c.w. beat oscillator on. It 
can result from defects in i.f.-amplifier circuits. 
Inadequate screen or plate bypass capacitance 
is a common cause of such oscillation. 

Improving the Performance of Receivers 

Frequently amateurs unjustly criticize a re-
ceiver's performance when actually part of the 
trouble lies with the operator, in his lack of 
knowledge about the receiver's operation or in 
his inability to recognize a readily curable fault. 
The best example of this is a complaint about 
"lack of selectivity" when the receiver contains 
an i.f. crystal filter and the operator hasn't 
bothered to learn how to use it properly. " Lack 
of sensitivity" may be nothing more than 
poor alignment of the r.f. and mixer tuning. 
The cures for these two complaints are obvious, 
and the details are treated both in this chapter 
and in the receiver instruction book. 

However, many complaints about selectivity, 
sensitivity, and other points are justified. In-
expensive, and most second-hand, receivers can-
not be expected to measure up to the perform-
ance standards of some of the current and top-
priced receivers. Nevertheless, many amateurs 
overlook the possibility of improving the per-
formance of these "bargains" (they may or may 
not be bargains) by a few simple additions or 
modifications. From time to time articles in 
QS7' describe improvements for specific receiv-
ers, and it may repay the owner of a newly-
acquired second-hand receiver to examine past 
issues and see if an applicable article was pub-
lished. The annual index in each December 
issue is a help in this respect. 
Where no applicable article can be found, a 

few general priiiciples cat) he laid down. If the 
complaint is the inability to separate stations, 
better i.f. (and occasionally audio) selectivity 
is intlivated. The answer is not to be found in 
better bandspread tuning of the dial as is some-
times erroneously concluded. For code reception 
the addition of a "Q Multiplier" to the i.f. 
amplifier is a simple and effective attack; a 
Q Multiplier is at its best in the region 100 to 
900 kc., and higher than this its effectiveness 
drops off. The Selectojeet is a selective audio 
device based on similar principles. For phone 
reeeption the addition of a Q Multiplier will 
help to reject an interfering carrier, and the use 
of a BC-453 as a " Q5-er" will add adjacent-
chap nel selectivity. 

With the addition of more i.f. selectivity, it 
may be found that the receiver's tuning rate 
(number of kc. tuned per dial revolution) is too 
high, and consequently the tuning with good i.f. 
selectivity becomes too critical. If this is the 
case, a 5-to-1 reduction planetary dial drive 
mechanism may be added to make the tuning 

rate more favorable. These drives are sold by 
the larger supply houses and can usually be 
added to the receiver if a suitable mounting 
bracket is made from sheet metal. If there is 
already some backlash in the dial mechanism, 
the addition of the planetary drive will magnify 
its effect, so it is necessary to minimize the 
backlash before attempting to improve the tuning 
rate. While this is not possible in all eases, it 
should be investigated from every angle before 
giving up. Replaying a small tuning knob with a 
larger one will add to ease of tuning; in many 
cases after doing so it will then be desirable or 
necessary to raise the receiver higher above the 
table. 

If the receiver appears to lack the ability to 
bring in the weak signals, particularly on the 
higher-frequency bands, the performance can 
often be improved by the addition of an antenna 
coupler (described elsewhere in this chapter): 
it will always be improved by the addition of a 
preselector (also described elsewhere in this 
chapter). 

If the receiver shortcoming is inadequate r.f. 
selectivity, as indicated by r.f. " images" on the 
higher-frequency bands, a simple antenna coupler 
will often add sufficient select ivity to cure the 
trouble. However, if the images are severe, it is 
likely that a preselector will be required, pref-
erably of the regenerative type. The preselector 
will also add to the ability of the receiver to 
detect weak signals at 14 Me. and higher. 

In many of the inexpensive receivers the fre-
quency calibration of the dial is not very accur-
ate. The receiver's usefulness for determining 
band limits will be greatly improved by the 
addition of a 100-kc. crystal-controlled frequency 
standard. These units can be built or purchased 
complete at very reasonable prices, and no ama-
teur station worthy of the name should be 
without one. 
Some receivers that show a considerable fre-

quency drift as they are warming up can be 
improved by the simple expedient of furnishing 
more ventilation, by propping up the lid or 
by drilling extra ventilation holes. In many 
cases the warm-up drift can be cut in half. 

Receivers that show frequency changes with 
line-voltage or gain-control variations can be 
greatly improved by the addition of regulated 
voltage on the oscillators (high-frequency and 
b.f.o.) and the screen of the mixer tube. There 
is usually room in any receiver for the addition 
of a V11, tube of the right rating. 
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SimpleX Super 

The "SimpleX Super" Three-Tube Receiver 

The name of this receiver derives from " sim-
ple", " X" for crystal (filter), and "super" for 
superheterodyne; hence a "simple crystal-filter 
superheterodyne." For about fifty dollars and a 
few nights at the workbench this little receiver 
will allow you to copy practically any c.w. or 
s.s.b. signal in the 40- or 80-meter band that a 
much more expensive receiver might drag in. By 
the flip of a switch you can tune to 5 Mc. for 
WWV. 

This 3-tube receiver will permit the single-
signal reception of code signals. Single-sideband 
phone can be handled with no difficulty at all. 
With the b.f.o. turned off for the reception of a.m. 
signals, a threshold effect shows up that prevents 
digging all the way down for the weak ones, but 
one can still copy plenty of a.m. signals. Since the 
receiver uses only three tubes, it doesn't have the 
more-than-enough gain of a big receiver, and its 
performance won't be very impressive on a poor 
(short or low) antenna. However, if the trans-
mitting antenna is also used for receiving, you 
will find yourself backing down on the volume 
control to save your ears. 

Referring to the circuit diagram in Fig. 5-30, 
the receiver is a superheterodyne with an inter-
mediate frequency of 1700 Ice. With the h.f. oscil-
lator tuning 5.2 to 5.7 Mc., the 3.5- or the 7-Mc. 
amateur bands can be tuned merely by retuning 
the input circuit, MCI. Since C1 is large enough 
to hit the two bands without a coil change, the 
band-changing process consists of turning CI to 
the low- or high-capacitance end of its range. To 
copy WWV at 5 Mc., the oscillator must be 
tuned to 3.3 Mc., and this is done by switching in 
an additional capacitor across the oscillator 
circuit. 

If you are disappointed because the receiver 
doesn't tune the 21-Me, band, remember that the 
"under-S100" receivers don't either. Sure, the 
dials show 21 Mc., but try to use the receivers to 
hold a signal for any length of time! The SimpleX 
Super, with a crystal-controlled converter be-
tween it and the antenna, will handle 15 meters 
like 80. 

Selectivity at the If. is obtained through the 

Fig. 5- 29—The SimpleX Super 
receiver uses three dual tubes 
and a crystal filter to cover the 
80- and 40-meter bands, and 
it can tune to 5 Mc. for copying 
WWV. The dial scale is made 
from white paper held to the 
panel by red Scotch tape; the 
pointer is a slice of the tape. 

use of a single crystal. Although not as sharp as 
the usual 455-kc. crystal filter, it is sharp enough 
to provide a fair degree of single-signal c.w. re-
ception and yet broad enough for good copy of 
an s.s.b. phone signal. 

In the detector stage, the pentode section of a 
6U8A is used as a grid-leak detector, and the 
triode section serves as the b.f.o. Stray coupling 
at the socket and in the tube provides adequate 
injection. Audio amplification is obtained from 
the two triode sections of a 6CG7. The primary 
of a small output transformer, serves as the 
coupling for high-impedance headphone output, 
and a small loudspeaker or low-impedance head-
phones can be connected at the output winding 
of the transformer. Although the audio power 
output is less than a watt, it is sufficient to drive 
a loudspeaker adequately in a small quiet room. 
The power supply uses a large choke and two 

4O- f. capacitors, and the very slight hum that 
can be detected in the headphones with the vol-
ume full on is stray a.c. picked up by the detector 
grid; it doesn't come from inadequate filtering of 
the power supply. (The hum can only be heard 
with no antenna on; tinder normal operation the 
incoming noise will mask the slight hum.) 
A switch at the input of the receiver is included 

so that the receiver can be used to listen to one's 
own transmitter without too severe blocking. 
Using the b.f.o. switch to cut in the WWV pad-
der was done (instead of by the more logical Si) 
to keep the input short-circuiting leads short. 
An 8 X 12 X 3-inch aluminum chassis takes 

all of the parts without crowding, and the loca-
tion of the components can be seen in the photo-
graphs. The 7Yt X 13-inch aluminum panel 
(14-inch thick) is held to the chassis by the b.f.o. 
capacitor mounting screws, the phone jack, the 
dial drive and the two rotary switches. The tuning 
capacitor C2 is mounted on a small aluminum 
bracket made from an extra strip of the panel 
material; before the bracket is finally fastened to 
the chassis the capacitor and bracket should be 
used to locate the dial hole on the panel. When 
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J2—Open-circuit headphone jack. 
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Fig. 5-30—Circuit diagram of the SimpleX Super receiver. Unless otherwise indicated, capacitances are in µµf., 
resistances are in ohms, resistors are 1/2  watt. Polarity shown on electrolytic capacitcrs; fixed capacitcrs 330 PO. 
or less are silver mica or NPO ceramic. Nonelectrolytic fixed capacitors over 0.025 µf. are 400-volt molded tubulars. 

Fixed capacitors 0.001 through 0.025 are ceramic. 

1-5-36-64-ah. slug-tuned (North Hills 120-F coil mounted 
in North Hills S-120 shield can). 

1.6-16-hy. 50-ma, filter choke (Knight 62-G-137 or 
equiv.). 

R1—½ megohm volume control, audio taper, with switch. 
RFC!, RFC2-2.5-mh. r f. choke (Waters C1155). 

12- position (2 used) rotary ceramic switch 
(Centralab PA-2001). 

S2- 2-pole 6- position (4 used) rotary ceramic switch 
(Centralab PA-2003). 

53—S.p.s.t. switch, part of RI. 
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115 V 
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Ti—i  output transformer ( Stancor 
A-3822 or equiv.). 

T2-480 v. c.t. at 40 ma., 5 v. at 2 amp., 6.3 v. at 2 amp. 
(Knight 62-G-034 or equiv.). 

—1700-kc. crystal in FT- 243 holder ( E. B. Lewis or 
equiv.). 

(All radio stores do not handle the above components. 
For prices and names of dealers write to North Hills 
Electric Co., 402 Sagamore Ave., Mineola, N. Y.; Knight 
is handled by Allied Radio, 100 N. Western Ave., Chicago 
80, III.; Waters Mfg. Inc., Boston Post Rd., Wayland, 

Mass.; E. B. Lewis, 11 Bragg St., E. Hartford, Conn.) 
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drilling the hole for the dial drive, measure the 
dimension instead of using the template provided 
with the National K dial. It pays to take care in 
mounting the tuning capacitor and the dial, since 
a smooth tuning drive is an essential in any 
receiver. To facilitate tuning, a National HRT 
knob was used instead of the puny knob furnished 
with the K dial. The other knobs are gray Na-
tional HR and HR-4. 
Tie points are used liberally throughout the 

receiver, as junctions for components and inter-
connecting wires. The coils L1 and L2 are mounted 
on tie points, using short leads. If the leads from 
L2 are too long, the coil will be " floppy" and the 
receiver may be unstable. Fig. 5-35 shows how 
mils L1 and L2 are constructed and connected. 
The leads from CI and C2 are brought through 
the chassis in insulating grommets. The 3- to 30-

mica compression trimmer across L2 is sol-
dered to the tie points that support the coil. 
The receiver is wired with shielded wire for 

many of the leads, in an effort to minimize hum 
in the audio and feedthrough around the crystal 
filter. The shielded leads are marked in Fig. 5-30 
where feasible; the simple rule to follow is to 
shield all B-1- leads along with those shown 
shiel, led in Fig. 5-30. For easy of wiring, these 
shieldeil leads should be installed first or at least 
early in the construction. As the wiring pro-
gresses, a neat-looking unit can be obtained by 
dressing the leads and components in parallel 
lines or at right angles. D.c. and a.c. leads can be 
tucked out of the way along the edges of the 
chassis, while r.f. leads. should be as direct as is 
reasonable. 

If this is your first receiver or construction job, 
there are several pitfalls to be avoided. When in-
stalling a tube socket, first give a little thought 
to where the grid and plate leads will run, and 
orient the socket so that these leads w ill be direct 
and not cross over the socket. 

Another thing to look out for is the well-
meaning store clerk who sells you stranded wire 
for making the connections throughout the re-
ceiver. The only stranded wire in this receiver is 
in the leads from the transformers, filter capacitor 
and filter choke, and in the shielded wire, and all 
this only because there was no choice. Where 
stranded wire is used, be very careful to avoid 
wild strands that stray over to an adjacent socket 
terminal and short-circuit a part of the circuit 
without your knowing it. No. 20 or 22 insulated 

GRID 

Fig. 5-31—Details of the coil construction. 
Each one is made from B & W 3016 Mini-
ductor stock, which is wound 32 t.p.i. and 1-inch 
diameter. The separation between coils in 1.1 
is 7 turns; the separation between coils L2 is 1 
turn. It is important that the coils be connected 
as indicated. The Miniductor stock can be cut 
into the required lengths by pushing in a turn, 
cutting it inside the coil and then pushing the 
newly cut ends through to outside the coil. 
Once outside, it is easy to peel away the wire 
with the help of long-nose pliers. When suffi-
cient turns have been removed, the support 

bars can be cut with a fine saw. 

solid tinned copper wire should be used for con-
nections wherever no shielding is used. Long bare 
leads from resistors or capacitors should be cov-
ered with insulating tubing unless they go to 
chassis grounds. 
The final bugaboo is, of course, a poorly-

soldered connection. If this is your first venture, 
by all means practice soldering before you start to 
wire this receiver. Read an article or two on how 
to solder, or get a friend to show you how and to 
criticize your first attempts. A good soldering 
iron is an essential; there have been instances of 
first venture having been " soldered" with an fro: 
that would just barely melt the solder; the iron 
was incapable of heating the solder and work to 
the point where the solder would flow properly. 
There is no need to worry about the dial scale 

when the receiver is first built, because the re-
ceiver has to be checked. The scale is a sheet of 
white paper held in place by red or black Scotch 
tape. The dial pointer is a slice of the same tape. 
When the wiring has been completed and 

checked once more against the circuit diagram, 
plug in the tubes and the line cord and turn on 
the receiver through 83. The tube heaters and 
rectifier filament should light up and nothing 
should start to smoke or get hot. If you have a 
voltmeter you should measure about 250 volts 
on the line. 

With headphones plugged in the receiver, you 
should be able to hear a little hum when the 
volume control is advanced all the way. If you 
can't hear any hum, touching a screwdriver to 
l'in 2 should produce hum and a loud click. This 
shows that the detector and audio amplifier are 
working. 
The next step is to tune L3, L4 and L5 to 1700 

kc., the crystal frequency. If you have or can 
borrow a signal generator, put 1700-kc. r.f. in at 
the grid of the 6U8A mixer and peak L3 and L4. 
Lacking a signal generator, you may be lucky 
enough to find a strong signal by tuning around 
with C2, but it isn't likely. Your best bet is to tune 
a broadcast receiver to around 1245 Ice.; if the 
receiver has a 455-kc. i.f. the oscillator will then 
be on 1700 kc. Don't depend upon the calibration 
of the broadcast receiver; make your own by 
checking known stations. The oscillator of the 
broadcast receiver will furnish a steady (possibly 
hum-modulated) carrier that can be picked up 
by running a wire temporarily from the grid of 
the 6U8A mixer to a point near the chassis of the 
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Fig. 5-32—Top view of the SimpleX Super. The tube be-
tween the two variable capacitors is the mixer-oscillator 
6U8A; the 6CG7 audio amplifier is at the far right. The 
flexible insulated coupling between main tuning dial and 

the tuning capacitor is a Millen 39016. 

be. receiver. Adjust Lg until you get a beat with 
the 1700-kc. signal, and then peak L3 and L4. 
If the signal gets too loud, reduce the signal by 
moving the wire away from the b.c. receiver. Now 
slowly swing the signal frequency back and forth 
with the b.f.o. turned off; you should find a spot 
where the noise rushes up quickly and then drops 
off. This is the crystal frequency, and L3 and L4 
should be peaked again on this frequency if you 
were a little off the first time. 
An antenna connected to the receiver should 

now permit the reception of signals. With C1 
nearly unmeshed, you will be in the region of the 
7-Mc, band, and with CI almost completely 
meshed, you will be near 3.5 Mc. Do your tuning 
with the compression trimmer in the oscillator 
circuit, until you find a known frequency (it can 
be your own transmitter). Let's say your trans-
mitter has a crystal at 3725 ke. Set C2 at half 
capacitance and tune with Cg until you hear your 
transmitter. You shouldn't need any antenna on 
the receiver for this test. Once you have the set-
ting for the trimmer, put the antenna on the re-
ceiver and look around for other known signals. 

(CHU, the Canadian st iard-freq uency station 
at 7335 kc., is a good marker.) With luck you 
should just be able to cover the 80-meter band; 
if you can get one end but not the other, a minor 
readjustment of the trimmer is indicated. 
Once you have acquainted yourself with the 

80- and 40-meter bands, and appreciate that you 
have to peak up the input circuit (CI) fairly often 
as you tune across the bands, you are ready to 
trim up the crystal filter. Run the volume fairly 
high, so that you can hear noise from the prop-
erly peaked input circuit, and turn Ce until the 
noise takes on a higher-pitched characteristic. 
(The b.f.o. stage is originally set up with C3 at 
midcapacitance and Lg adjusted for lowest-
pitched noise.) Now tune in a code signal with C2 
and swing back and forth through it. " One side" 
of the signal should be louder than the other. 
Tune to the weak side with a beat note of around 
800 cycles and then adjust Ca for minimum signal. 
After a few attempts, juggling Ce, C4, L3 and L4, 
you should get a condition where the single-signal 
C.W. effect is quite apparent. 

All that remains is to install the dial scale and 
calibrate it. A 100-kc. oscillator is ideal for this 
job; lacking one or the ability to borrow one, you 
will have to rely on other signals. If your crystal 
filter is 1700 ke. exactly, the 80- and 40-meter 
calibrations will coincide as they do on the scale 
shown in Fig. 5-33; if not, the calibration marks 
will be offset on the two bands. 

If you find that you can't get WWV at 5 Mc. 
with the 150-pf. capacitor switched in, substitute 
a 130-pd. mica in parallel with a 30-µd. trimmer, 
and adjust so that WWV falls on scale. 

As you acquaint yourself with the operation of 
the receiver, you will notice that tuning C1 will 
have a slight effect on the tuning of the signal. 
In other words, tuning CI "pulls" the oscillator 
slightly. To remedy this would have made the 
receiver more complicated, and the simple solu-
tion is merely to first peak C1 on noise and then 
tune with C2. 
You will find this to be a practical receiver in 

every way for the c.w. (or s.s.b.) operator. The 
tuning rate is always the same on 80 or 40, or 
15 with a converter, and 21-Mc. s.s.b. signals 
tune as easily as those on 3.9 Mc. The warm-up 
drift is negligible, and the oscillator is surprisingly 
insensitive to voltage changes. Whether or not 
the oscillator is insensitive to shock and vibration 
will depend upon the care with which the compo-
nents are anchored to their respective tie points. 

Fig. 5-33—Shielded wire, used for most of the d.c. and 
60-cycle leads, lends to the clean appearance underneath 
the chassis. The switch at the left shorts the input of the 
receiver, and the adjacent switch handles the b.f.o. and 

the padding capacitor for WWV. 

The phono jack at the top left is for the antenna; the other 
phono jack is for low-impedance audio output. The head-
phone jack (lower right) is for high-impedance audio output. 



The 2X4+1 

The 2X4+1 Superheterodyne 

The receiver shown in Figs. 5-34, 5-37 and 5-38 
is a two-band four-tube (2X4) receiver with a 
transistor (-I- 1) 100-kc. frequency standard. 
Other features include the ability to tune to 5 
Mc., for the reception of WWV, and a dual-
crystal filter for single-sideband and single-signal 
c.w. reception. Tuning the 40- and 80-meter ama-
teur bands with good stability and selectivity, 
the receiver can be used on other bands by the 
addition of crystal-controlled converters ahead 
of it. 

Referring to the circuit in Fig. 5-35, the 
pentode section of a 6U8-A is used as a mixer, 
with the triode portion of the same tube serving 
as the oscillator. The i.f. is 1700 ke. and the 
oscillator tunes 5.2 to 5.7 Mc.; tuning the input 
circuit to the 80-meter band brings in 80-meter 
signals, and all that is required to hear 40-meter 
signals is to swing the input tuning, CI, to the 
low-capacitance end of its range. Although, e.g., 
a 7.05-Me. (5.35 1.7) and a 3.65-Mc. (5.35 — 
1.7) signal will appear at the same setting of the 
tuning dial, the two signals cannot be received 
simultaneously because the double-tuned circuit, 
CIA L2 and CH) L3, between antenna and mixer 
grid provides the necessary rejection. To provide 
optimum coupling in both ranges, the coupling 
capacitance is changed by a switch, SI, actuated 
by the shaft of CI. Thus the coupling change 
takes place automatically as the capacitor is 
tuned to the desired band. To make the two cir-

cuits track over the entire range, a 3- to 30-paf 
trimmer is provided to compensate for the input 
capacitance of the mixer. For WWV reception, 
capacitance Ce is added to the oscillator circuit 
to bring its frequency to 3.3 Mc. 
The mixer is followed by the dual crystal filter 

at 1700 kc. and a stage of i.f. amplification. I.f. 
gain is manually controlled by a variable bias 
control in the cathode circuit of the 6BA6 i.f. 
amplifier stage. A triode section of a 6CG7, V2A, 
serves as a grid-leak detector, and the other sec-
tion is used as the b.f.o. A two-stage audio 
amplifier follows, providing high-impedance out-
put for headphones or low-impedance output for a 
loudspeaker. The audio power is sufficient to give 
more than enough high-impedance headphone 
volume and quite adequate loudspeaker volume 
in a quiet room. 
The power supply includes a 0C3 to supply 

regulated 105 volts for the two oscillators and the 
screen of the mixer. 
The transistor 100-kc. calibration oscillator 

uses for its power source the 8 volts developed 
across the cathode resistor of V3B. Switch S3 
turns the oscillator on and off and also adds the 
capacitance to the oscillator circuit that permits 
WWV reception. The four positions of 83 are 
OFF — WWV (only) — CAL (oscillator only) -  

BOTS!. Although the 100-kc. standard is not 
essential to the operation of the receiver, its in-
clusion will be found to be quite valuable. 

Fig. 5.34—The 2X4 1 superheterodyne is a four-tube receiver with 7-tube performance. It tunes the 80- and 40-
meter amateur bands, and provision is included for receiving WWV on 5 Mc. A built-in crystal oscillator provides 100-kc. 

frequency markers throughout the bands. Black knob on the left-hand side controls the 
calibration oscillator and the WWV reception. 
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Fig. 5- 35- Circuit diagram of the 2X4 -1 1 super-heterodyne. Unless indicated otherwise, decimal capacitances are 

CI - Dual variable, 140 µ,uf. per section ) Hammarlund 
MCD-140-M). 

C_, C.,-480-,u,uf. mica compression trimmer (Arco-
Elmenco 466). 

CI- 5-µµf. variable ('Hammarlund MAC- 5). 
C-.-100-µ4. midget variable (Hammarlund HF-100). 
C6- 24 0 pµf. 5`, mica in parallel with 30-µpf. mica 

compression trimmer. 
C2-35-µµf. midget variable ( Hammarlund HF-35). 
C.-5-pµf. midget variable (Hammarlund HF-15 with 3 

plates removed). 
C..-3 1.1,0. approx. Insulated wires twisted together for 3 

turns. 

Ji - Phono jack. 
1.1-19 turns No. 24, part of 12 stock, Y16 inch from 12. 
12, 1.•,-43 turns No. 24, 1/4 -inch diam, 32 t.p.i. ( B&W 3012 

or Illumitronic 632). 
1.1-7 turns No. 24, part of L-. stock, V32 inch from U. 
1.5-17 turns No. 24, 1/4 -inch diam., 32 t.p.i. ( B&W 3012 or 

Illumitronic 632). 
1.6, L7-64 to 105 µh., adjustable ( North Hills 120-G in 

North Hills S-120 shield can). 
1,-36 to 64 µh., adjustable ( North Hills 120-F in North 

Hills S-120 shield can). 
1,- 15- henry, 75-ma, filter choke ( Stancor C-1002). 
RFC', RFC2-2.2 mh., self resonant at 1.6 Mc. (Waters 

o 

+ BO 
750: ; 450 6. 
5 

6U8A 
6CG7 ABAG 

0C3  

+105 

.025 

5Y3 GT 

2 

Ja 
 vfl 

PNCINES 

SPKR. 

115V. 

'f 528 
CW. 

in id., other capacitances in µµf., resistors are 1/2  watt. 

C1059). 
RFC,- 10 mh. ( National R-50-1). 
Si - Homemade corn switch mounted on CI. See text. 
52 - 2 - pole 3- position rotary switch ( Centralab 1472). 
S - 2-pcle 6-pos tion (4 used) miniature ceramic switch 

(Centralab PA-3 with Centralab PA- 301 index, 
21/2  inches used). 

I] - 3-watt, 8000 to 3.2 ohms, output transformer (Stan-
cor A-3329). 

T2-650 v.c.t. at 55 ma., 5 v., 6.3 v. at 2 amp. (Stancor 
PC-8407). 

Y1, Y2-1700-kc. crystals, FT- 243 holders, surplus. 
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2X4+1 Superhet 

BRACKET 

ROTOR 

KNOB 

SOLDER 
PARTITION 
GROUND 

CHASSIS 

Fig. 5-36—The cam-operated switch, Si, is made from 
the contacts and insulators taken from an open-circuit 
phone jack (Mallory 703) and mounted on an aluminum 
bracket. The ccm, mounted on the shaft of Ci, is made by 
grinding one side of a small insulated knob (Johnson 
116-214-1). Switch is open during minimum-capacitance 
half of capacitor range. Bracket is made from a 11/4  X 
31/2 -inch strip of aluminum; the shelf is 3À-inch deep. 

Construction 

The receiver is built, on an 8 X 12 X :3-inch 
aluminum chassis. A panel can be made from 

thick sheet. aluminum or from a standard 
s31-ilich rack panel. While the rack panel will be 

substantial, it really isn't necessary, and the 
6-inch stock will be adequate. The panel is held 

to the chassis by the b.f.o. capacitor, Cg, the 
line/b.f.o. switch, S2, the dial, and an extra pair 
of 6-32 screws. 

It is worth u li le to mount. the tuning capacitor, 
C7, as accurably as possible with respect to the 
National ICN dial. For minimum backlash and 
maximum strength, C7 is mounted on a three-
sided aluminum housing that is securely fastened 
to the chassis on three sides by 3%-inch lips. A 
good flexible insulated coupling' should be used 
between dial and capacitor shaft — a Millen 
:30006 is shown in the photograph. 
The location of most of the major components 

can be determined by reference to the photo-
graphs. The inductors LiL2, L3 and LiL5 are Sill)-
ported by soititlile tie strips, as are the two 

miea compression trimmers, C2 and C3, 
in the crystal filter circuit and the pair of 330-pmf. 
capacitors in the b.f.o. LiL2 should be wired so 
that the outside ends go to antenna and grid, 
and Lib; should be wired with outside ends to 
plate and grid. 

Details of the only unusual construction, the 
ram-operated switch Si, are shown in Fig. 5-36. 
Note that the associated .006- and .01-d. cou-
pling capacitors are mounted above the chassis: 
a clearance hole with a rubber grommet is pro-
vided in the chassis for the common lead back to 
L. :Old L3. 

Since the rotor of Ci must not make contact 
ivith the panel, a large clearance hole must 
be provided for the shaft bushing, and a pair 

of extruded fiber washers used to insulate the 
bushing from the panel. A brass screw or bayonet 
lug should be set into the chassis at the shield 
partition between the two stators of C1, and 
the shield soldered to this chassis connection. 
The 3- to 30-med. compression trimmer across 
CIA can be soldered between rotor and shield 
partition. 
Many of the connections are made with 

shielded leads, to minimize hum and chances for 
feedback or feedthrough. The shielded leads are 
indicated in Fig. 5-35. The lead from the antenna 
jack is run in RG-58/U coaxial cable, as is the 
short lead from Cg to a 330-mpf. capacitor. Heater 
leads to the tubes are made of shielded wire. 

Alignment 

The alignment procedure can be simplified if a 
short-wave receiver or a signal generator can be 
borrowed. Lacking these, a grid-dip meter can be 
used to provide a signal source and to check the 
resonances of the tuned circuits. If the 100-ke. 
oscillator can be checked on another receiver, it 
can be used to align the receiver. A broadcast 
receiver will tell if the 100-ke. oscillator is func-
tioning — it should be possible to identify sev-
eral of the oscillator's harmonics at 100-kc. 
intervals in the broadcast band, by the reduction 
in noise at those points. 
The audio amplifier of the receiver can be 

checked by turning on the receiver and listening 
to the headphones as the audio gain control is 
advanced. When it is full clockwise a low-pitched 
hum should be just audible in the headphones. 
A further check can be made by bringing a finger 
near the arm of the audio gain control — the hum 
should increase. 

If a means is available for checking the fre-
quency of the b.f.o., it should be turned on at 82 
and set on or about 1700 ke. by means of the slug 
in Lg. DO this with Cg set at half scale. If a broad-
cast receiver is the only measuring equipment 
you have, a 1700-kc. signal can be derived from 
it by tuning the receiver to 1245 ice., which puts 
its oscillator on 1700 kc. if the standard 455-ke. 
i.f. is used. A wire from around the receiver to 
the 2X4+1 should provide sufficient signal. 
Feeding a 1700-kc. signal into the detector by 
laying the source wire near the grid of the 6BAG 
(i.f. gain arm at groun(l), it should be possible to 
peak L7 for maximum signal and, as the signal 
frequency is changed slightly, a change in pitch 
of the whistle should be heard. With no incoming 
signal, a slight rushing noise should be heard in 
the head-phones when the b.f.o. is switched on by 
S2. If this rushing noise is just barely discernible 
increase the capacitance at C9 by adding a few 
more twists. 

If the oscillator Vas is operating, a voltmeter 
connected across the 4700-ohm 1-watt resistor in 
its plate lead should show an increase in voltage 
when the stator of C5 or C7 is shorted to ground 
momentarily with a screwdriver or other con-
ductor. Connect the -I- lead of the voltmeter to 
the side of the resistor running to 105 and the 
— connection to the .00I-pf. side. If the oscillator 
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5- HIGH-FREQUENCY RECEIVERS 

doesn't work, it may be because the outside turns 
of L4 and L6 are not connected to plate and grid 
respectively. With the b.f.o. on and CI almost 
fully meshed, set the tuning capacitor C7 at about 
90 per cent full capacitance. Run C5 to full 
capacitance and slowly reduce capacitance. At 
one point you should hear a loud signal, the 
second harmonic of the b.f.o. at 3400 kc. If the 
b.f.o. is reasonably close to frequency, turning on 
the calibration oscillator should give a weaker 
signal nearby (on the main tuning dial). Tune 
C7 to a higher frequency (less capacitance) and 
you should hear another weaker signal, the 35th 
harmonic of the oscillator (3500 ke.). Peak C1 for 
maximum signal and leave it. Run C7 back to 
about 90 per cent full capacitance and then 
slowly reduce capacitance at C5 until the 35th 
harmonic of the oscillator is again heard. If a 
3500-kc. signal is available the adjustment can 
be made in a more straightforward manner. 
Once the oscillator trimmer C6 has been set to 

give the proper tuning range of the oscillator cir-
cuit (5.2 to 5.7 Mc.), the next problem is that of 
adjusting the crystal filter circuit. With a capaci-
tance bridge, or a grid-dip meter and an induc-
tance, are set the two capacitors C2 and C3 at the 
same capacitance (near maximum compression) 

before soldering them in the receiver. The actual 
value of capacitance isn't important. Lacking 
these instruments, tighten the capacitors to full 
compression and tIwn loosen their screws by 
turn. Tune in a signal — it can be from the 
100-kr. oscillator or any other steady source — 
and peak L6 for maximum response. Tune off the 
signal until it disappears and set the pitch control, 
Cs, to a point where the background noise is 
reasonably high-pitched. This is easy to de-
termine because at the lowest-pitched point there 
will be an increase in hum; make the lowest-
pitched point the center of the knob scale by ad-
justment of L. and then set the pitch control to 
one end of its range. Tune back to the signal and 
"rock" the tuning, C7, as you change the adjust-
ment of L6. Look for a condition that gives con-
siderably more response on one side of zero beat 
than on the other. It is a good idea to buy several 
extra 1700-kc. crystals and try them in different 
combinations. Small changes in the setting of C2 
or C3 will have an effect on the selectivity char-
acteristic, but bear in mind that a change in C2 
or C3 must be compensated for by a readjustment 
of L6. With a little patience it should be possible 
to obtain a marked difference in the output 
strength on the two sides of zero beat. This will 

Fig. 5-37—Top view of the 2X4 1 receiver. The dual capacitor at the left tunes the receiver input; a homemake cam 
switch on its shaft changes the coupling between the two bands. The main tuning capacitor, rear center, is mounted on 
a three-sided aluminum bracket for maximum stability. The tube to the left of the bracket is the 608-A mixer-oscillator 
stage, and the 6BA6 i.f. stage is in front of the main tuning capacitor. The remaining tubes in shields are the 6CG7 

detector/b.f.o. and the audio 6CG7 (near panel). Metal can plugged in socket above 
antenna jack houses 100-kc. calibrating crystal. 
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"flip over" to the other side if the pitch control 
is set at the other end of its range. 
The remaining alignment job consists of bring-

ing the input circuits into resonance on both 
bands. With a signal tuned in at 40 meters, 
"rock" C1 back and forth to see if there are two 
(close-together) points where the signal peaks. 
If there are, adjust the 3-30-ad. trimmer across 
Lg until only one peak is found. Check on 80 
meters in a similar fashion. If for any reason it 
is found that the two-peak condition can be 
eliminated on only one band at a time, it indi-
cates an abnormal amount of antenna reactance, 
and a compromise adjustment will have to be 
made. 

In operation, the receiver input control, C1, 
should be set for maximum volume on the in-
coming signal or noise. The i.f. gain should be 
run at close to maximum on all but the loudest 
signals, and the audio gain control should be set 
for comfortable headphone or speaker volume. 
If an antenna changeover relay is used, it may be 
possible to monitor your own transmitter by de-
tuning the input circuit to another band; this 
ability will depend upon the transmitter power 
and field in the vicinity of the receiver. 

Frequency Standard 

No trouble should be encountered with the 
100-kc. oscillator if care is exercised in handling 
the transistor. When soldering its leads in place, 
hold the lead with a pair of pliers; the metal of 
the pliers will absorb heat and prevent injury to 
the transistor. 
To tune the receiver to WWV, set C7 to mid 

scale, set Sg at the WWV position, peak CI on 
noise and slowly tune with Cg. On a busy day a 
wide variety of signals will be heard in this region; 
look for one with steady tone modulation and 
time ticks. If it can't be found within the range of 
Cg, set C7 near one end of its range and try again. 
An alternate method is to disconnect the an-
tenna, establish the position on the tuning dial 
(C7) of several 100-kc. harmonics, connect the 
antenna and investigate each one of these fre-
quencies. Depending upon one's geographical 
location, there will be times when WWV cannot 
be heard on 5 Mc., so don't be discouraged by 
failure on the first try. Once WWV has been 
located with good strength, the 50th harmonic 
of the 100-kc. crystal can be brought to zero beat 
with WWV by adjustment of Ca. 

Fig. 5-38—The input inductors Las are supported by a terminal strip on the side of the chassis (upper right), and La is 
supported nearby by a terminal strip mounted on the chassis. The coils are at right angles to minimize inductive coupling. 
The oscillator inductors, Las, are also supported by a terminal strip (top center). A mica compression trimmer to the left 

of the oscillator inductors is used to center WWV on the tuning dial; the pair of 
compression trimmers below La are in the crystal filter circuit. 
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A Selective Converter for 80 and 40 Meters 

Many inexpensive -communical ions" receivers 
are lacking in selectivil y and It:outspread. The 
80- and 40-meter performance of such a receiver 
call be improved cotise lovably by using ahead of 
it the converter shown in Figs. 5-39 aml 5-41. 
This converter is not intended to be used ahead 
of a broadcast receiver except for phone recep-
tion, because the BC set has no b.f.o. or manual 
gain control, and both of these features are neces-
sary for good e. w. reception. The converter can be 
bui.lt for less than $320. and that cost can be eut 

Fig. 5-39—Used ahead of a small receiver that tunes to 
1700 kc., this converter will add tuning ease and selec-
tivity on the 80- and 40-meter bands. The input capacitor 
is the dual section unit at the upper left-hand corner. The 
,rystal and the tuning slug for L., are near the center at the 

foreground edge. 

6U8 
47 2 

AN 

GND 

MIXER 
6 

115;q1e1  
Fig. 5-40— Circuit diagram of the 80- and 40-meter con-
verter. All capacitances given in 1.q.Lf. unless otherwise 
noted. 
Ci- 365-uØ. dual variable, t.r.f. type. 
C2-3- 30-µµf. trimmer. 
C,- 15-µpf. variable (Bud 1850, Cardwell ZR-15AS, 

Millen 20015). 
11, 12, 13, Li, L—B & W No. 3016 Miniductor, 1- inch 

diameter, 32 turns per inch, No. 22 wire, cut 
as below. 

Li —8 turns separated from L2 by one turn (see text). 

:11)Po'•i ,liii.) if ( liP POwer call be "borrowed" from 
anot her s.,uree. 
The converter uses the tuning principle em-

ployed in the two-band superhoterodynes de-
scribed earlier in this section. A double-tuned in-
put circuit with large capavitors covers both 80 
and 40 meters without switching, and the oscil-
lator tunes from 5.2 to 5.7 Mc. Consequently with 
an i.f. of 1700 ke. the tuning range of the con-
verter is 3.5 to 4.0 Me. and 6.9 to 7.4 Mc. 
Which band is being heard will depend upon the 
setting of the input circuit tuning (C1 in Fig. 
5-40). The converter output is amplified in the 
receiver, which must of course be set to 17(X) kc. 
To add selectivit y. a I 70(l-k. quartz crystal 
is used in series with the output connection. 
A small power supply is shown with the converter, 
and some expense can be eliminated if 300 volts 
d.e. at 15 ma. and 6.3 volts a.c. at (05 ampere 
is available from an existing supply. 

Construction 

The unit is built on a 7 X 11 X 2-inch alumi-
num chassis. The front panel is made from a 
6 X 7-ineli piece of aluminum. The power supply 
is mounted to the rear of the chassis and the 
converter components are in the center and front. 
The layout shown in the bottom view should be 
followed, at least for the placement of LI, L2, L3 

and L4. 
The input and oscillator coils are made from a 

single length of B & W Miniductor stock, No. 

15 150" 

16H 50 MA 
40pF 
950V 

TC 
1700KC RR 
OF (;  

L7 

.0IpF 

6U8 

RECT 
5Y3 

6 

12,13-19 turns. 
14-21 turns separated from LS by one turn. 

1.5-8 turns. 
16-105- 200-µh. slug-tuned coil (North Hills Electric 

120H). 

17—See text. 

Crystal-1700 kc. (E. B. Lewis Co. Type EL- 3). 

124 



A Selective Converter 

3016. Count off 31 turns of the coil stock and 
bend the 32nd turn in toward the axis of the coil. 
Cut t he wire at this point and then unwind the 
32nd It urn from t he supl)ort bars. Using a hacksaw 
blade, rarefully cut the s dystyrene support. bars 
and separate the 31-turn ct)il from the original 
stock. Next, count off 9 turns from the 31-turn 
coil and rot the wire at the 9th turn. At the cut 
unwind a half turn from each coil, and also un-
wind a half turn at the outside ends. This will 
leave two coils on the same support bars, with 
half-turn leads at their ends. One coil has 21 
turns and the other has 8 turns, and they are 
separated by the space of one turn. These coils 
are L.1 and Lb. 
The input coils Li and L2 are made up in the 

same manner. Standard bakelite tie points are 
used to mount the coils. Two 4-terminal tie 
points are needed for LiL2 and L4L5, and a one-
terminal unit is required for L3. The plate load 
inductance L6 is a 105-200 mh. variable-inductance 
coil ( Nort h Hills 120H). The coupling coil L7 is 45 
turns of No. 32 enam. scramble-wound adjacent 
to L6. If t he constructor should have difficulty in 
obtaining No. 32 wire, any size small enough to 
allow 45 turns ont the coil form can be substituted. 
The input capacitor, CI, is a 2-gang t.r.f. 

variable, 365 if. per section. As both the stators 
and rotor must. be insulated from the chassis, ex-
truded fiber washers should be used with the 
screws that hold the unit, to the chassis. The 
panel shaft hole should be made large enough to 
clear the rotor shaft. 
A National type O dial assembly is used to 

tune C3. One word of advice when drilling the 
holes for the dial assembly: the template furnished 
with the unit is in error on the 2-inch dimension 
(it is slightly short) so use a ruler to measure the 
hole spacing. 

In wiring the unit, it is important that the 
output lead from the crystal socket be run in 
shielded wire. A phono jack is mounted on the 
back of the chassis, and a piece of shielded lead 
connects from the jack to the crystal socket 
terminal. The leads from the stators of C1 and 
c.; are insulated from the chassis by means of 
titi il ter grommets. 

Fig. 5-41—Bottom view of the converter 
showing placement of parts. The coil at the 
lower left is 1.3, and the input coil, 1.11.2, is 
just to the right of La. The oscillator coil 
IL, is at the left near the center. The out-

put coil, 1.14 is near the top center. 

Testing and Adjustment 
A length of shielded wire is used to connect the 

converter to the receiver: the inner conductor of 
the wire is connected to one antenna terminal; 
the shield is vonnected to the other terminal and 
grounded to the receiver chassis. The use of 
shielded wire helps to prevent pickup of un-
wante(l 1700-kc. signals. Turn on the converter 
and receiver and allow them to warm up. Tune 
the receiver to the 5.2-Mc, region and listen for 
the oscillator of the converter. The b.f.o. in the 
receiver should be turned on. Tune around until 
the oscillator is heard. Once you spot it, tune C3 
to maximum capacitance and the receiver to as 
close to 5.2 Me. as you can. Adjust the oscillator 
trimmer capacitor, C2, until you hear the oscilla-
tor signal. Put your receiving antenna on the 
converter, set the receiver to 1700 ke., and tune 
the input capacitor, C1, to near maximum capaci-
tance. At one point. you'll hear the background 
noise come up. This is the 80-meter. tuning. The 
point near minimum capacitance where the 
noise is loudest — is the 40-meter tuning. 
With the input tuning set to 80 meters, turn 

on your transmitter and tune in the signal. By 
spotting your crystal-controlled frequency pH 
have one sure calibration point for the dial. liy 
listening in the evening when the band is crowded 
you should be able to find the band edges. 

You'll find by experimenting that there is one 
point at or near 1700 ke. on your receiver where 
the background noise is the loudest. Set the re-
ceiver to this point and adjust the slug on L6 for 
maximum noise or signal. When you have the 
receiver tuned exactly to the frequency of t he 
crystal in the converter, you'll find that you have 
quite a bit of selectivity. Tune in a c.w. signal and 
tune slowly through zero beat. You should notice 
that. on one side of zero beat the signal is strong, 
and on the other side you won't hear the signal 
or it will be very weak (if it isn't, off-set the b.f.o. 
a bit). This is single-signal cm-. reception. 
When listening to phone signals, it may be 

found that the use of the quartz crystal destroys 
some of t he naturalness of the voice signal. If 
1 his is t he ease, the crystal should be unplugged 
atol replaced by a 10- or 2O-pif. capacitor. 
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Fig. 5- 42—This view of the " bonus" con-
verter shows all of the components project-
ing above the chassis. At the left on the 
front is the r.f. control and next to it is the 
mixer tuning. At the far right is the a.c. 
switch. The tube at the left is the r.f. ampli-
fier, and the crystal is between the trans-
former and the mixer tube. Screw adjust-
ment to the right of the mixer tube sets the 

slug of L. 

The "Bonus" 21-Mc. Converter 
The cure for most of the high-frequency ills of 

many receivers is the installation of a good crys-
tal-controlled converter between the antenna and 
the receiver. The converter shown in Figs. 5-42 
and 5-43, while intended primarily for 21-Mc. 
operation, gives a bonus of 28-Mc. reception 
without any additional parts or switching. This 
is accomplished by using signal circuits that tune 
more than the 21- to 30-Mc. range and using a 
crystal-controlled oscillator at 25 Mc. Using the 
converter ahead of a receiver, the 15-meter band, 
21.0 to 21.45 Mc., will be found from 4.0 to 3.55 
on the receiver. The receiver tunes " backwards." 
The 10-meter band tunes 3.0 to 4.7 Mc. on the 
receiver. 

Referring to Fig. 5-44, the converter consists 
of three stages, but it uses only two tubes. An r.f. 
stage amplifies the incoming signals, and an oscil-
lator provides a steady signal that, in a mixer 
stage, heterodynes the incoming signal to the 
difference frequency mentioned above. If the 
input and output circuits of the r.f. stage aren't 
tuned to 21 Mc. the 21-Mc, signals can't be 
amplified to the full capability of the stage. 
Hm‘ ever, the 21-Mc, tuned circuits aren't too 
sharp, so a single-setting will usually suffice 
for most of the 21-Mc, band, and all of the tuning 
will normally be done at the receiver alone. The 
47,000-ohm resistor across C2 was used to make 
the associated circuit a bit broader. 

The selenium-rectifier power supply is quite 
adequate for the job and makes the converter a 
self-sufficient unit, although the power may be 
"borrowed" from the receiver if it is telt that the 
selenium supply is an unnecessary expense. 

In the crystal-controlled oscillator portion, a 
capacitive divider (C3 and C4) provides a tap on 
the tank circuit so that the oscillator is loaded 
very lightly. If you didn't tap down on the tuned 
circuit the overtone crystal, Y1, might show 
lower-frequency energy as well, or it might not 
oscillate at all. 
The size of the chassis shown in Figs. 5-42 and 

5-43 is 2 X 5 X 7 inches. However, any chassis 
large enough to accommodate the parts can be 
used. Most of the construction is simple but there 
are a few places where certain precautions should 
be taken, and these will be treated in detail. 
Study the photographs, particularly the bot-

tom view , to see how the coils and tube socket 
are mounted. Notice the shield that cuts across 
the 6AK5 socket. The purpose of the shield is to 
minimize the coupling between the grid and plate 
circuits of the r.f. stage, to avoid oscillation. A 
scrap of roofing copper was cut to 3% by 2 inches 
for the shield. Brass, or any other metal that can 
be soldered, could be substituted. The shield and 
socket should be mounted so that the shield bi-
sects the socket between Pins 4 and 5. There is a 
VI-inch lip on the shield which is used to mount it 

to the chassis top. The metal tube 
in the center of the tube socket should 
be soldered to the shield; the shield 
is held to the chassis by two 6-32 screws. 
Soldering lugs should be mounted under 

Fig. 5-43—All of the compo-
nents of the power supply are 
grouped at the right. The tubu-
lar capacitor, Cs, mounts 
against the chassis wall. At the 
opposite side of the chassis, 
the metal strip shields the input 
circuit of the r.f. stage. The 
coils to the right of the shield 

ore L3, and L4. 



21 Mc. Converter 
R. F. AMP MIXER 

Pig. 5-44—Circuit diagram of the two-band crystal-controlled converter. 
Unless indicated otherwise, all capacitances are in µµf., all resistors are 

1/2 watt, all resistances are in ohms. 

Ci, C2-35-µ0. midget variable (Hammarlund MAPC-
35-8). 

C3-270-µµf. silver mica or NPO ceramic. 
C.4-5-µpf. silver mica or NPO ceramic. 
Cs—Dual electrolytic, 20-20 pf. at 250 volts. 
CR1-100-ma. 150-volt selenium rectifier (International 

Rectifier RS-1 00-E or equiv.). 
.12 — Phono jack, RCA style. 

Li, 12, 1.3, 1.4—Made of No. 20 bare, 1i-inch diam., 16 

the nuts that hold the 6AK5 socket, and all the 
chassis ground connections of the 6AK5 grid and 
plate circuit should be made to these lugs. 
The coils are made from B & W 3007 Mini-

ductor stock. To make the coils, first cut off a coil 
of 21 turns from the stock. Next, unwind one turn 
from each end of the 21-turn coil. Now count off 

turns from one end and cut the wire at this 
point. If you bend the 4th and 6th turns in to-
ward the center of the coil you should be able to 
reach the 5th turn with your wire cutters. Un-
wind the half turn from each side leaving two 
coils on the same support bars, one 5 turns and 
the other 13 turns. Two of these dual coils are 
needed, one for the r.f. stage and the other for the 
mixer. They can be mounted on a standard ter-
minal tie point or supported by their own leads. 
Tie points provide a more rigid support. 
The power supply is a simple half-wave recti-

fier, using a transformer, selenium rectifier, and 
an RC filter circuit. Incidentally, when connect-
ing the rectifier, the -F side is connected to the 
ouiptit side of the supply. Again, a standard ter-
minal tie point is used for most of the connections 
of the supply. 
The preliminary checks are simple and should 

present no problems to the builder. First, turn on 
and see if the tubes light up. If they don't, 

turn off the switch and carefully check the wiring. 
Once the tubes light, allow a minute or two for 
the unit to warm up. The first thing to check is 
the crystal-controlled oscillator. If your receiver 
tunes to 25 Mc., listen in that region for the oscil-
lator signal, which should come in loud and clear. 

t.p.i. stock. See text. (B & W Miniductor No. 3007). 
1.5.-2 - to 3-ph. slug-tuned inductor (North Hills 120-A). 
RFC, r.f. choke (National R-33, Millen 34300-50). 
Si —S.p.s.t. toggle. 
T,-125 volts at 50 ma., 6.3 volts at 2 amperes (Stancor 

PA8422) or 135 volts at 50 ma., 6.3 volts at 1.5 
amperes (Triad R- 30-X). 

Yi.-25.00-Mc. crystal (International Crystal Co., type 
FA-9). 

If it doesn't, adjust the slug of L5 until the oscil-
lator starts. Should you find that it doesn't oscil-
late you'll need to make some voltage checks to 
make sure there is plate voltage on the oscillator. 
The voltage should be approximately 110, give or 
take 10 volts. If no voltage is indicated, check the 
wiring for errors. 
Connect the converter to your receiver, using 

a piece of coax as the connecting line. Coax is 
used for the lead between the two units to mini-
mize any pickup of unwanted signals near or in 
the 80-meter band. Set your receiver to tune the 
right range, 4000 to 3550 ke., and turn both units 
on. 

Adjust C1 and C2 for maximum background 
noise. You'll find two values of capacitance ( four 
points) on each capacitor that will give an in-
crease in noise, one near minimum capacitance 
(plates unmeshed) and the other with more ca-
pacitance. The setting at the greater capacitance 
point is 21 Me. while the lesser is 28 Mc. Adjust 
the converter for maximum noise at 21 Mc. and 
tune your receiver across the band. If the band is 
open — and don't forget that sometimes it's as 
dead as the famous doornail — you should hear 
signals. Tune in one and peak it up by tuning C1 
and C2 of the converter. Each control should give 
a definite peak. Pretty nice to know that your 
receiving front end is lined up, isn't it? And it is, 
you know; you align it when you peak the two 
controls. Your receiver is now working as a tuna-
ble i.f. and the only adjustment required is to 
peak the antenna trimmer (if you have one) for 
maximum signal. 
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5 — HIGH-FREQUENCY RECEIVERS 

The "Selectoject" 

The Selectoject is a receiver :tdjunct that eau 
be used as a sharp amplifier or as a single-fre-
quency rejection filter. The frequency of opera-
tion may be set to any point in the audio range 
by turning a single knob. The degree of select i v it y 
(or depth of the null) is continuously adjust il ( le 
and is independent of tuning. In phone work, t he 
rejection notch can be used to reduce or eliminate 
a heterodyne. In c.w. reception, interfering sig-
nals may he rejected or, alternatively, the desired 
signal may be picked out and amplified. The 
Seleet I)ject may also be operated as a low- list ) r-
film variai le-Imquency audio oscillator suitable 
for amplifier frequency-response measurements, 
modulation tests, and t he like, by advancing t he 
"selectivity" cunt rot far enough in the selective-
amplifier row hi ion. The Select ( duct is connected 
in a receiver bet ween the detector and the first 
audio stage. Its power requirements are 4 ma. at 
150 volts and 6.3 volts at 0.6 ampere. For proper 
operation, the 150 volts should be obtained from 
across a VR-150 or from a supply with an output 
capacity of at least 20 ,tif. 
The wiring diagram of the Selectoject is shown 

in Fig. 5-45. Resistors /12 and 113, and 114 and /?5, 
can be within 10 per cent of the nominal value but 

Re 

Ci 
AF 

INPUT 

12AX7s 

PHASE SHIFTER 

150V. 
(REGULATED) 

o 

they should be as close to each other as possible. 
An ohmmeter is quite satisfactory for doing the 
matching. One-watt resistors are used because 
the larger ratings are usually more stable over a 
long period of time. 

If the station receiver has an " accessory 
socket " on it, the cable of the Selectoject can be 
mai le up to match the connections to the socket, 
and t he numbers will not necessarily match those 
shown in Fig. 5-15. The lead between the second 
detector and the receiver gain control should be 
broken and run in shielded leads to the two pills 
of the socket c(wresponding to those on the plug 
marked " A.F. Input" and " A.F. Output." lithe 
re(•eiver has a VR-150 included in it for voltage 
stabilization there will be no problem in getting 
t he plate voltage — otherwise a suitable voltage 
divider should be incorporated in the receiver, 
wit h a 20- to 40-µ1 elect ndytic capacitor con-
nected from the + 150-volt tap to ground. 

In operation, overload of the receiver or the 
Selectoject should be avoided, or all of the pos-
sible selectivity may not be realized. 
The Selectoject is useful as a means for obtain-

ing much of the performance of a crystal filter 
from a receiver lacking a filter. 

-0A.F. INPUT 

 OA.F. OUTPUT 

Fig. 5-45—Complete schematic 

C-0.01-Ø. mica, 400 volts. 
C2, C3-0.1-µf. paper, 200 volts. 
Ci, C9-0.002-µf. paper, 400 volts. 
C-,-0.05-µf. paper, 400 volts. 
C9- 16-µf. 150-volt electrolytic. 
C7-0.0002-0. mica. 
Ri —1 megohm, 1/2 watt. 
R2, R3-1000 ohms, 1 watt, matched as closely as possible 

(see text). 
R4, RS-2000 ohms, 1 watt, matched as closely as possible 

(see text). 

AMPLIFIER 

POSITION I. 
SELECTIVE AMPLIFIER 
ANO OSCILLATOR 

POSITION 2. 
REJECTION FILTER 

of Selectoject using 12AX7 tubes. 
RA-20,000 ohms, 1/2 watt. 
R7-2000 ohms, 1/2 watt. 
Rs- 10,000 ohms, 1 watt. 
R9-6000 ohms, 1/2 watt. 
Rio- 20,000 ohms, Y2 watt. 
R11-0.5-rnegohm 1/2 -watt potentiometer (selectivity). 
Re—Ganged 5-megohm potentiometers (tuning control) 

(IRC FQ11-141 with IRC M11-141.) 
RI3-0.12 megohm, 1/2 watt. 
SI, S2—D.p.d.t. toggle (can be ganged). 
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Antenna Coupler 

Antenna Coupler for Receiving 
In many instances reception can be improved 

by the addition of an antenna coupler between 
the antenna feedline and the receiver, and in 
all cases the r.f. image rejection will be inereased. 
The unit shown on this page consists of one 
series-tuned circuit and one parallel-tuned cir-
cuit; usually its best performance is obtained 
with the parallel-tuned circuit connected to the 
receiver input, as indicated in Fig. 5-46. How-
ever, the coupler should also be tried with the 
connections reversed, to see which gives the better 
resulte. The desired connection is the one that 
gives the sharper peak or louder signals when 
the circuits are resonated. 
The coupler is built on one section of a 5 X 

4 X 3-inch Nlinibox (Bud CU-2105A). Tuning 
capacitors CI and C2 are mounted directly on the 
Minibox face, since there is no need to insulate 
the rotors. The arrangement of the components 
can be seen in Fig. 5-47. 
The coils L1 and L2 are made from a single 

length of B & W 3011 Miniductor. The wire is 
snipped at the center of the coil and unwound 
in both directions until there are three empty 
spaces on three support bars and two empty 
spaces on the bar from which the snippeil 1'1111s 
project. These inner ends run to the connectors 
J.1 and .12. (Fig. 5-46). Unwind turns at the ends 
of the coils until each coil has a total of 22 turns. 
When soldering the leads to the 3rd, 6th, 8th 
and 12th turns from the inside ends of the coils, 
protect the adjacent turns from solder and flux 
by placing strips of aluminum cooking foil be-
tween the turns. An iron with a sharp point will 
be required for the soldering. 
The " panel" side of the box can be finished 

off with decals indicating the knob functions and 
switch positions. 
The antenna coupler should be mounted within 

a few feet of the receiver, to minimize the length 
of RG-59/U between coupler and receiver. In 
crowded quarters, the use of M-359A right-angle 

Fig. 5-46—Circuit diagram of the receiver antenna coupler. 

CI, C2-100-gmf. midget variable (Hammarlund HF-100). 
Ji, J2—Coaxial cable connector, SO-239. 
Li, 12-22 turns No. 20, %-inch diameter, 16 t.p.i. Tapped 

3, 6, 8 and 12 turns from inside end. See text 

Fig. 5-47—Receiver antenna coupler, with cover removed 
from case. Unit tunes 6 to 30 Mc. The coil is supported by 

the leads to the capacitors and switches. 

adapters (Amphenol 83-58) and J1 and J2 will 
make it possible to bring out, the cables in better 
lines. 
Normally the coupler will be adjusted for 

optimum coupling or maximum image rejection, 
but by detuning the coupler it can be used as an 
auxiliary gain control to reduce the overloading 
effects of strong local signals. The coupler cir-
cuits do not resonate below 6 Mc., but a coupler 
of this type is seldom if ever used in the 80-meter 
band: its major usefulness will be found at the 
higher frequencies. 

on spacing and tapping. 
Si, S2—Single-pole 11-position switch (5 used) rotary 

switch (Centrelob PA- 1000). 
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5 — HIGH-FREQUENCY RECEIVERS 

A Regenerative Preselector for 7 to 30 Mc. 

The performance of many I,egins Ii 

drop off at I I Me. and Iugh. r. The signal-to-
noise ratio is rtslias.d. and unless boil& ( striver-
sion is used in the receiver there is likely to be 
increased trouble tvith r.f. images at the higher 
frequencies. 'The preselector shown in Figs. 5-48 
and 5-111 can is . added ahead of thy receiver with-
out making any changes within die receiver, and 
a self-contained power supply eliminates the 
problem of funiishing heater and plate power. 
The poorer the receiver is at the higher frequen-
cies, the more it will benefit by the addition of 
he preselector. 
A truly good receiver at 28 Mc. will show little 

or no improvement when the preselector is 
added, but a mediocre receiver or one without 
an r.f. stage will be improved greatly through 
the use of the preselector. 
A 6C(47 dual triode is used hi the preselector, 

one trio le as a band switched regenerative r.f. 
stage and the other as a cathode follower. A con-
ventional neut ralizing circuit is used in the am-
plifier: by upsetting this circuit enough the stage 
can be math. to oscillate. Smooth control of regen-
eration up to this point is ol ttaints I I ty varying one 
of the capacitances in the neut ralizing circuit. 

If and when it becomes nerussary to reduce 
gain no avoid overloading the re('eiver), the 
regeneration control can be retarded. one posi-
tion of the bandswitch permits straight-through 
operation. so the preselector unit can be left con-
nected to the receiver even during low-frequency 
reception. 
The preselect ter is Imilt on a 5 X 10 X 3-inch 

chassis ( Bud .1('-.104). A 5X 61 ,-inch aluminum 
panel is held to the chassis by the extension-shaft 
bushing for tla. regeneration-control capacitor, 

mat the bushing for the rotary switch. The 
coils, L1 and L2, are supported on a small staging 

•••••••••••••••• 

Fig. .5-48—The regenerative preselector covers the range 
7 to 30 Mc.; it can be used ahead of any receiver to 
improve gain, image rejection and, in many cases, sensi-
tivity. A dual triode 6CG7 is used as r.f. amplifier and 

cathode follower. 

of 1% X 3-inch clear plastic. (It can be made 
from the lid of the box that the Sprague 544A-S1 
.01-af. disk ceramic capacitors come in.) All coils 
can be made from a single length of B&W 3011 
Miniductor. They are cemented to the plastic 
staging with Due° cement. 
The rotor of CI can be insulated from the 

chassis by mounting the capacitor bracket on 
insulating bushings (National XS-6 or Millen 
37201): its shaft is extended through the use 
of an insulated extender shaft (Allied Radio No. 
60 H 355). The bandswitch St is made from the 
specified sections (see Fig. 5-50). 
The first section is spaced :S inch from the 

indexing head, there is 1-inch separation be-

Fig. 5-49—The r.f. components are bunched around the 9-pin miniature tube socket. Power supply components are 
supported by screws and tie points. 
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Regenerative Preselector 

21-30,4C. 

1000 

CR 
125v. 10/d. iOLd 

15012- Ts-C)7, 

sib 

FOLLOWER 

VIE 

Fig. 5-50—Circuit diagram of the regenerative preselector. Unless otherwise specified, resistors are 1/2  watt, capacitors 
are in ggf., capacitors marked in polarity ore electrolytic. 

CI- 140-µpf. midget variable (Hammarlund HF-140). One-turn spacing between coils and primaries. 
C2-3- to 30-ituf. mica compression trimmer. SI — Three-wafer switch. Si A and Si B are 1-pole 12-posi-
C3-100-12µf. midget variable (Hammarlund MAPC-100- hon (4 used) miniature ceramic switch sections 

B). 
(Centrolab PA- 1); Sic and SID are 2- pole 6-

Ciii —50-ma. selenium rectifier (International Rectifier position (4 used) miniature switch (Centralab 

RS050). PA-3). Sections mounted on Centralab PA-301 
Ji, J2— Phono jack. index assembly. 

Li- 19 turns, 7-turn primary. T1-125 v. at 15 ma., 6.3 v. at 0.6 amp. (Stancor PS-
1.2-5 turns, 2-turn primary. Coils are 34-inch diameter, 8415). 

16 t.p.i., No. 20 wire (B & W 3011 Miniductor). RFC,- 100-h. r.f. choke (National R-33). 

tween this and the next section (SIB), and the 
next section (Sic, Sin) is spaced 234 inches from 
SB3. 
The regeneration control, Ce, is mounted on a 

small aluminum bracket. Its shaft does not have 
to be insulated from the chassis, so either an 
insulated or a solid shaft connector can be used. 
The small neutralizing capacitor, C2, is supported 
by soldering one lead of it to a stator bar of C3 and 
running a wire from the other lead to pin 6 of the 
tube socket. The rotor and stator connections 
from Ci are brought through the chassis deck 
through small rubber grommets. 
Power supply components, resistors and ca-

pacitors are supported by suitable lugs and tie 
points. Phono jacks are used for the input and 
output connectors. 

Adjustment 

Assuming that the wiring is correct and that 
the coils have been constructed properly and 
cover the required ranges, the only preliminary 
adjustment is the proper setting of C2. Connect 
an antenna to the input jack and connect the 
receiver to the output jack through a suitable 
length of RG-58/U. Turn on the receiver b.f.o. 
and tune to 28 Mc. with Si in the ON position. 
Now turn Si to the 21- to 30-Mc. range. Swing 

the TUNING capacitor, C, and listen for a loud 
rough signal which indicates that the preselector 
is oscillating. If nothing is heard, advance the 
regeneration control toward the minimum ca-
pacitance end and repeat. If no oscillation is 
heard, it may be necessary to change the setting 
of Cs. Once the oscillating condition has been 
found, set the regeneration control at minimum 
capacitance and slowly adjust C2 until the pre-
selector oscillates only when the regeneration con-
trol is set at minimum capacitance. You can now 
swing the receiver to 21 Mc. and peak the pre-
selector tuning capacitor. It will be found that the 
regi.nc mtiol I czi acitance will have to be increaseil 
to avoid oscillation. 
Chock the performance on the lower range by 

tuning in signals at LI and 7 Mc. and peaking 
the preselector. It should be possible to set the 
regeneration control in these two ranges to give 
both an oscillating and a non-oscillating condition 
of the preselector. 
A little experience will be required before you 

can get the best performance out of the preselec-
tor. Learn to set the regeneration control so that 
the preselector is selective, but not so selective 
that it must be retuned every 10 ke. or so. 
Changing antenna loads will modify the correct 
regeneration control setting. 
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5— HIGH-FREQUENCY RECEIVERS 

A Clipper/Filter for C.W. or Phone 

The clipper/filter shown in Fig. 5-51 is plugged 
into the receiver headphone jack and the head-
phones are plugged into the limiter, with no work 
required on the receiver. The limiter will cut 
down serious noise on phone or c.w. signals and 
it will keep the strength of c.w. signals at a con-
stant level, and while the filter will add selectivity 
to your receiver for c.w. reception, the unit will 
do much to relieve the operating fatigue caused 
by long hours of listening to static crashes, key 
clicks encountered on the air and with break-in 
operation, and the like. 
There are times when only the selective audio 

circuits will be wanted, while on other occasions 
only clipping will be needed. Since it is a simple 
matter to provide a switching arrangement so 
that either function, or both, can be used at will, 
this has been done in the unit described here. 
The frequency response of the selective circuits 

reaches a peak at about 700 cycles and has a null 
at about 2000 cycles. The peak frequency is de-
termined by the combined values of LI, C1, and 
C2 (or L2, C3 and C4), while the notch frequency 
is that of the parallel-resonant circuit Lei (or 
L2C3). If different peak and null frequencies are 
desired the values of C1 and C2 (and C3 and C4) 
can be changed; for raising the notch frequency 
the capacitance of C1 and C3 should be made 

A U 

CLIPPER 

6AL5 

CLIP 
LEVEL 

  e3 1 Ld  

4 S24 I St5 

smaller; to raise the peak frequency reduce the 
capacitance at C2 and C4. 
The rotary switch S2 (Fig. 5-51) is used to pro-

vide different combinations of the clipper and 
filter. To simplify the wiring diagram the switch-
ing circuit is shown separately in the diagram. 
The filter-clipper can be built on an aluminum 

chassis, but a steel cabinet should be used to 
house the unit. Steel is preferable to aluminum 
because L1 and L2 are sensitive to stray magnetic 
fields (which would show up as hum at the out-
put) and the steel cabinet aids in shielding. One 
layout precaution should be observed: Place the 
filter inductors L1 and L2 as far as possible from 
the power transformer, and mount them with 
their cores at right angles to the core of the trans-
former. This will minimize hum pickup by the 

inductors. 
Before mounting L1 and L2, it will be necessary 

to remove the mounting frames and insulate the 
"I" laminations, as shown in Fig. 5-52. The 
frame is removed easily by prying out its two legs 
and then lifting it from the core. The " I" lamina-
tions are in the form of a bar lying across the top 
of the " E" core. 
By mounting the chokes with nonmetallic 

straps the Q will remain high. If aluminum or 
other nonmagnetic materials are used the Q will 

40 S,2 ,0StO 

AMPLIFIER FILTER 
Lt 

CATH. FOLLOWER 
;12AU7 or egum 

Fig. 5-51—Circuit of the two-stage clipper-filter. All capacitances are in µf. All 0.01 mf. capacitors may be ceramic; 
capacitors marked with polarity are electrolytic. Others should be tubular plastic or mica. Resistors are 1/2 watt unless 
otherwise specified. Switch functions are as follows: Position 1, dual filter alone; Position 2, clipper and dual filter; 
Position 3, clipper alone; Position 4, straight through with cathode-follower output. 
CR1-50-ma, selenium rectifier. S2-3-section 6-pole 4-position rotary switch, shorting 
l: —6.3-volt pilot lamp. type preferable. (Centralab PA-1020). 
.11—Open-circuit phone jack. Ti, Ts—Output transformer: 7000-10,000- ohm primary 
14,12-5-h. 65-ma. filter choke; frame removed and choke to 3.2-ohm voice coil (Thordarson24S52). 

remounted os described in the text. Ta— Power transformer: 125 volts, 50 ma.; 6.3 volts, 2 
SI—S.p.s.t. toggle switch amps. ( Stancor PA-8421). 
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A Clipper/Filter 

Fig. 5-52—Sketch showing the 
method of clamping and tuning the 
filter inductors. Clamping strips 
must be of bakelite, phenol, plastic 
or other suitable insulating mate-
rial. Metal should not be used. 

LAYERS OF PAPER . 
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SCREWS -
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be adversely affected and the selectivity of the 
filter will suffer. 
The switch wiring shown at the bottom of the 

schematic diagram can be done before mounting 
$2 in place. After the switch is mounted the wiring 
between it and the other components can be 
completed. 
Apply power by closing St, insert the plug in 

the receiver phone jack and turn switch 82 to the 
"out" or straight-through position. Tusse the 
receives until a c.w. signal is found and adjust 
the receiver controls for comfortable copying. 
Now turn 82 to the " clipper" position. In order 

to become familiar with the action of the clipper 
these steps should be followed: Adjust the " clip-
ping" control so no clipping occurs (maximum 
positive bias on the diode plates). Set the " clip 
level" control on the unit so that there will be no 
apparent change in the strength of the c.w. signal 
when switching from " clipper" to "out" and 
back to " clipper." Then turn the " clipping" con-
trol until the positive bise is low enough to cause 
limiting to start: the point at whirl] limiting be-
gins 1.an be recognized by the fact ( hat the signal 
strengt Ii begins to decrease. Back off slightly with 
the " clipping" control so that the signal strength 
in the phones is just at the original level. 
Tuning the receiver without the Ilse of the 

limiter shows signals of all strengt its. some so loud 

CHASSIS 

as to be ear-breaking: but switching to " clipper" 
will make these big ones drop down to the " com-
fortable" preset level. 
The filter can be aligned with the help of an 

audio signal generator and a scope. The procedure 
is to set the two tuned circuits individually to 
within 10 to 15 cycles of the chosen peak fre-
quency, but on opposite sides of that frequency. 
This adjustment can be made by tightening or 
loosening the elionping screws on each choke until 
each circuit is tuned to the desired frequency. Al-
tering the number of layers of paper placed be-
tween the " I" and " E" laminations of either or 
both chokes will allow any two similar chokes 
which, due to manufacturing tolerances, may be 
of slightly different inductances, to be tuned to 
the same frequency. The filter is then ready to go. 
If the response is too sharp, slightly greater sepa-
ration of the two frequencies can be achieved by 
readjusting the clamp on one of the chokes. 

In order to peak a desired signal the receiver 
b.f.o. or tuning control should be adjusted so the 
pitch of the signal is 700 cycles. Since the selec-
tivity curve is rather sharp, any adjacent un-
desired signals will fall short of the peak and be 
attenuated. If the receiver b.f.o. has sufficient 
range to tune 700 c.veles or more on both sides 
of zero beat, the MI110,41111 signal e:m always be 
placed on the noteli ii M. the iwak. 

10K  

Y2 W. 
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A Simple Audio Limiter 

ICR2 

1%2V. 
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o  vri 

Fig. 5-53—Circuit diagram of a simple ate° limiter. 
CR,, CR2-1N34A or similar germanium diode. 
JI — Open-circuit headphone jack. 
Pt—Headphone plug. 

—D.p.s.t. toggle or rotary switch. 
A Keystone battery holder No. 155 ( Allied Radio) will 

hold two Burgess N, Eveready W468 or 
Ray-o-Vac 716 flashlight cells. 

A simple audio limiter to hold down static 
crashes and key clicks can be made from two 
flashlight cells, two germanium diodes and a few 
other parts. Its use requires no alteration of the 
receiver, since it is plugged ill at the output jack 
of the receiver and the headphones are plugged 
into the limiter. A suitable circuit is shown in Fig. 
5-53. No constructional details are given because 
there is nothing critical. If desired, the parts can 
be housed in a small utility cabinet or " Minibox." 
Leads can be soldered directly to the flashlight 
cells or, if desired, a suitable battery holder can be 
obtained from a radio or model airplane store. 
Hold the germanium diode leads with pliers 
when soldering, to prevent heat from reaching 
and injuring the crystals. 
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DC S-500 Double-Conversion Superheterodyne 
The receiver shown in Fig. 5-51 was designed 

to meet a need for a better-than-average ham re-
ceiver requiring a minimum of mechanical work 
and using standard and easily obtainable parts. It 
incorporates such features as a 100-kc. calibrator, 
provision for reception on all ham bands from 80 
through 10 meters, adequate selectivity for to-
day's crowded bands, mal stability high enough 
for copying s.s.b. signals. Dubbed the DCS-500 
because of its 500-cycle selectivity in the sharpest 
i.f, position, it is a double-conversion super-
heterodyne receiver capable of giving good results 
on either a.m., e.w. or s.s.b. 

The Circuit 

Referring to the circuit diagram, Figs. 5-55 
and 5-56, a 6BA6 r.f., stage is followed by a 
6U8A mixer-oscillator. The 4.5-Mc. mixer output 
is amplified by a 6BA6 and filtered by a two-
stage crystal filter, after which a 6U8A second 
mixer-oscillator, crystal-controlled, heterodynes 
the signal to 50 kc. 
The combination of i.f, amplifiers may appear 

rather unusual at first glance, since one might 
expect that a cascade crystal filter in the high-
frequency i.f. would make further selectivity un-
necessary. This would be true with highly devel-
oped tillers, Ion, two filters are needed if the best 
possible job is to be done on both phone and e.w., 
and such filters are expensive. With inexpensive 
surplus crystals such as are used in this receiver 
it would be difficult, if not impossible, to match 
the performance of the high-class filters; in addi-
tion, special test equipment and extreme care in 
adjustment would lx' necessary. The approach 
used here is to use the surplus crystals without 
such special adjustment, therel)y achieving a 
good, if not quite optimum, degree of selectivity 
against strong signals near the desired one, and 
then to hack up the filter by a low-frequency if. 
amplifier that will give the "close-in" straight-
sided selectivity needed in present-day operation. 
The overall result is a high order of protection 
against strong interfering signals at considerably 
less cost, for the entire double-i.f. system, than 
that of two high-performance filters alone. The 
choice of 4.5 Mc., approximately, for the first i.f. 
was based on the availability of surplus crystals 
around this frequency, with due consideration for 
minimizing spurious responses. A second i.f. of 
50 ke. was chosen because it lent itself nicely to 

the utilization of low-cost TV horizontal-oscil-
lator coils as i.f. transformers. 
The two i.f. amplifiers at 50 kc. contribute the 

necessary adjacent-channel selectivity. Three de-
grees of selectivity are available, depending on 
the degree of capacitive coupling between the 
two windings of each i.f. transformer. The greater 
the number of capacitors switched in parallel — 
that is, the larger the coupling capacitance — the 
lower the coupling between the windings and 
thus the greater the selectivity. 
A standard diode detector develops the audio 

output for all reception moules. The output of the 
detector is simultaneously applied to both the 
first audio amplifier and the audio age. circuit. 
A series-type noise limiter can be used on a.m. to 
reduce impulse-noise interference, but this type 
is ineffective on 0.w, or s.s.b. because of the large 
amplitude of the h. fo. injection voltage. 
The b.f.o., a Hartley-type oscillator, can be 

tuned from 3 kc. above: to. 3 ke. I elow its 50-kc. 
center fretpumey by the tuning capacitor. 
The first audio stage is a normal Class A volt-

age amplifier wit h its output either coupled to 
the grid circuit of the audio output tube or to a 
phone jack. High-impedance head-phones (20,000 
ohms a.c. impedance or higher) are required. 
Plugging in the phones automatically discon-
nects the speaker. If low-impedance headphones 
are used, they can be connected to the speaker 
terminals. Capacitances shunting the grid re-
sistors restrict the audio response to an upper 
limit of about 4000 cycles. 
The audio output transformer couples to a low-

impedance (3.2-ohm) speaker. The 47-ohm re-
sistor across the secondary protects the trans-
former in the absence of a speaker load. 
The audio output of the detector is also ampli-

fied separately in the audio a.g.c. circuit and then 
rectified to develop a negative voltage that can 
be used for a.g.c. on c.w. and s.s.b. Two different 
time constants are used in the rectifier filter cir-
cuit, for either fast- or slow-decay a.g.c. 
The 100-kc. calibrator employs two 2N107 

p-n-p transistors, one as the oscillator and the 
second as a 100-ke. amplifier. Its transistors ob-
tain the necessary operating potential from the 
cathode resistor of the audio output tube. Output 
from the 100-kc. unit is capacity-coupled to the 
antenna winding of the r.f. mil. Calibrating sig-
nals at 100-kc. intervals are available on all fre-
quencies covered by the receiver. 
The calibrator unit is constructed in a separate 

Fig. 5-54—The DCS-500 double-conversion superhetero-
dyne. Left bottom, antenna trimmer, 100-kc. calibrator 
switch; center, left, top to bottom, noise- limiter switch, 
volume control, sensitivity control; center, right, b.f.o. 
switch, a.g.c. speed, selectivity; right, headphone jack, 
b.f.o. pitch control. The dial is a National ICN. Front panel 
is 83/4 inches high; the receiver is mounted in a Bud CR-1741 

rack cabinet. 



DC S-500 

100 

ANT. 

OSC. 
I1 Y 

CALIBRATOR 

o, 

1000 

4250V. 

100 KC. 

2N107 

— I + 105 V. 

001 
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Fig. 5,55—Front-end circuit of the receiver. Unless otherwise specified, resistors are I/2 watt; 0.01 and 0.02-µf. capacitors 
are disk ceramic, 600 volts; 0.5 capacitors are tubular paper; capacitors below 0.01 µf. are 

mica; capacitors marked with polarities are electrolytic. 

C1-50-µ0. variable (Hammarlund HF-50). 
C2, C4—See coil table. 
C3 - 2-section variable, 5-28.5 µO. per section, double 

spaced (Hammarlund HFD-30-X). 
Co-3-30-µpf. ceramic trimmer. 
JI— Coaxial receptacle, chassis mounting (50-239). 

1.2—See coil table. 

L4, lo —  18-36-µh. slug-tuned (North Hills 120E coil 

Minibox so that it can be plugged into the ac-
cessory socket of the receiver or used as an indi-
vidual unit powered by penlite cells. 
The power supply, Fig. 5-57, is a full-wave rec-

tifier with a choke-input filter. It provides ap-
proximately 250 volts d.c. under load. A 0.25-µf. 
capacitor is shunted across the 10-henry filter 
choke to form a parallel-resonant circuit at 120 
cycles; this provides an increased impedance to 
the ripple component and thus reduces hum in 
the output of the supply. 
The power-supply requirements are 250 volts 

at 110 milliamperes, and 6.3 volts at approxi-
mately 5 amperes. Any transformer-choke com-
bination fulfilling the requirements can be used. 

Front End 

The use of plug-in coils for the front end 
eliminated the mechanical problems of a band-

mounted in North Hills S-120 shield can). 
L6-4.7 mh. (Waters C1061). 
17-1 - 2-mh. slug- tuned (North Hills 120K)-
RFC1, RFC2-4.7 mh. (Waters C1061). 
Si—Single-pole rotary. 
Y1-100 kc. (James Knights H-93). 
Y2, Y4-4495 kc. (surplus). 

Yo-4490 kc. ( surplus). 

switching tuner, and also offered the possibility 
of realizing higher-Q tuned circuits. Ganged 
tuning of the r.f. amplifier along NVith the h.f. 
oscillator and mixer circuits was decided against 
because of the complexities it would cause in coil 
construction and the problem of keeping three 
stages tracking with each other. The r. f. amplifier 
has to be peaked separately by the antenna trim-
mer, but separate peaking insures maximum 
performance at all frequencies. 

Construction 

The receiver is constructed on a 12 X 17 X 
2-inch aluminum chassis with an 83% X 19-inch 
aluminum front panel, which permits it to be 
installed in a table-type rack cabinet. The gen-
eral layout of components can be seen in Figs. 
5-58 and 5-60. A good procedure to follow when 
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2 ND. CONV. OSC 

V4, 

o -

2ND MIXER 

1000 

+105 V. 

KC 

+105V. +250V. 

MUTE 

Fig. 5-56-1.f. amplifier, detector, a.g.c. and audio circuits. Unless otherwise specified, resistors are 1/2 watt; 0.01- and 
0.02-µf. capacitors are disk ceramic, 600 volts; 0.5-µf. capacitors are tubular paper; capacitors 

below 0.01 pf. are mica; capacitors marked with polarities are electrolytic. 

Cs, C7, C,, CO, CI0, CI I — 0.01 mica (Aerovox CM-308-103) 52—Rotary, 2 section, 1 pole per section, progressively 
C12-9- 180-µ0. mica compression trimmer. shorting. Switch section Centralab PA- 12, index 
C13-50-µpf. variable (Hommarlund HF-50). Centralab PA-302. 
C14-0.1-µf. paper (Sprague 2TM-P1). SL— Rotary, 1 section, 5 poles per section (4 poles used), 
JO— Phono jack. 3 positions used, Centralab PA-2015. 
J3—CIOSed•CirCUIT phone jock. 55— Rotary, 1 section, 2 poles per section, 2 positions used. 

L9-125 mh. ( Meissner 19-6848). Centrolob PA-2003. 
L9-9-18 ph., slug-tuned ( North Hills 1200). Ti—Ts, inc.-50-kc. i.f. transformers made from TV corn-

M1-0-1 d.c. milliammeter (Triplett 227-FL). ponents ( Miller 6183); see text. 
Ri- 2500-ohm, 4-watt control, wire-wound. Ta—B.f.o. transformer ( Miller 6183); see text. 
R2-0.5-megohm control, audio taper with push-pull type TT—Audio interstage transformer, 1:2 ratio (Thordarson 

switch (Ss) (Mallory No. PP55DT 1683 ). 20A16). 
RO — 1000-ohm, 1-watt control, wire-wound. Ts—Audio output transformer, 5000 to 4 ohms (Stancor 

RFCs-10 mh. (National R-50- 1). 3856). 
Si, 59— Rotary, 1 section, 1 pole, 2 position. Y6-4540 Kc. (surplus). 

starting to wire the receiver is first to complete ceramic coil sockets. All plug-in coils are wound 
the power supply and heater wiring, and then with No. 26 enameled wire on Amphenol poly-
start wiring from the antenna toward the styrene forms, and Hammarlund APC-type air-
speaker. This allows proceeding in a logical order padder capacitors are mounted in the recesses at 
so that the work can be picked up readily at any the tops of the coil forms. After finishing a coil it 
time after an intermission, is a good idea to fasten the winding and the 
The use of good quality ceramic tube and (-oil trimmer capacitor in place with Duco cement. 

sockets, particularly in the front end, is highly Decal each set of coils for a particular band and 
recommended. When mounting the sockets orient mount them on small wooden bases that have 
them so that the leads to the various points in holes to take the phis Then paint or stain each 
the circuit will be as short as possible. of the coil-set bases. The final result will be a 

Millen coil shields (80008) are used around neat and eonvenient arrangement for holding the 
the plug-ill (-oils in the front end — i.e., the r.f., coils for each band ( Fig. 5-59). Plug-in coil data 
mixer and oscillator — and the shield bases are for each band are given in the coil table. 
mounted with the same screws that hold the The tuning capacitor, C3, is mounted on the 

24%00 

DECIMAL VALUES Of CAPACITANCE ARE IN m 
OTHERS ARE IN ppl. EXCEPT AS INDICATED. 

TO A.G.C. LINE 
SENSITIVITY 

50V. 

AMP 

6BA 6 

6 r—  — 
; 

51 

50 KC 

13 
590 

2200 106 

+105V. + 250V. 

SLOW 

TO A.G.0 
LINE 
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f 

I T6 1 so FT 

100 

c,, 

Tor IT 

330 

330 

PITCH 
50 

Z200Ç.. 1M G 

+I05V + 250V. 

S 56 

Oro. 

22 

DETECTOR 

2708 2706 6800 

82011 .05 

V88 

6CG7 

TO V. 
CAT H. 

0A.M. 

C.W. DECIMAL VALUES OF CAPACITANCE ARE IN mf.; 
S.S.8. OTHERS AME IN 551. ExCEPT AS INDICATED. 

+105v. 

9-180 

chassis and reinforced by a bracket to minimize 
any rocking movement. This bracket is triangular 
in shape with a right-angle flange at the bottom. 
It is drilled to take the front bearing sleeve of the 
tuning capacitor and held firmly to it by the 
capacitor mounting nut and a lock washer, as 
shown in Fig. 5-58. Flexing of the chassis can be 
minimized by the use of lengths of angle stock 
holt eit to (he chassis at strategic points through-
mit the receiver. Exact alignment of the tuning 
capacitor with the dial shaft is not always pos-
sible, so a flexible coupling ( Millen 39016) is used. 
When wiring the crystal filter keep leads as 

short and direct as possible, as this will minimize 
stray coupling between the input and output 
ends, which would deteriorate the performance 
of the crystal-filter circuits. 
The 50-ke. i.f. circuits used Miller 6183 TV 

horizontal-oscillator replacement coils as i. f. 
t ransformers. These coils must be altered before 
t buy can be used. As they are supplied, the ter-
minal lugs are brought out at the top of the can: 
these lugs must be reversed before the can is 
mounted. By applying slight pressure to the. 
phenolic coil form the assembly will slide out of 
the aluminum shield can and then can be re-

A.G.C. AMP 

V9. 

S METER 
1500 

5006 

AUDIO 
GAIN 470 

250V 

3 

ZERO 
ADJ 

A.G.C. LINE 

3900 

lop!. + 250V. 

25V. 

A.G.C. RECT. 

AUDIO 
OUTPUT 

6A05 

TO Sy. 

3 MEG. 

SPKR. 

+ 260V. 

J, 

2.1-IONES 

versed. However, before reassembling the unit a 
few slight, changes must be made. There are actu-
ally two separate windings; each one will be tuned 
and used either as a primary or secondary for the 
50-ke. i.f. transformer. The tap on the large 
winding must be lifted off the soldering lug C, 
taped, and tucked away, being careful not to 
break it: this leaves just, the lead from the small 
winding on terminal C. Terminals A and F repre-
sent the large winding. The small coil is tuned by 
connecting a 680-kid. mica capacitor lietween 
terminals C and I): these capacitors should be 
fastened on the soldering lugs inside the shield 
call. The can is then slipped back over the coil 
and capacitor, keeping in mind that, the lugs 
must come out the bottom, and the assembly is 
ready for mounting on the chassis. 
The b.f.o. coil is also a Miller 6183, and the 

procedure for reversing the assembly before 
mounting is identical to that followed with the 
50-kc. transformers. However, it is not necessary 
to alter any of the wiring in the b.f.o. trans-
former, since only the large winding (A — F) and 
its tap (C) is used. 

Point-to-point wiring is recommended, along 
with generous use of both insulated tie points and 
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T9 
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6CG7 61%05 
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Fig. 5-57—Power-supply circuit. Capacitors marked with polarities are electrolytic. 

3(\  4 

7 

C15-0.25-µf. paper, 600 volts. 
ho—  Filter choke, 10.5 henry, 110 ma. ( Knight 62 G 139). 

Ps— Fuse plug. 

ground lugs. Use of shielded wire facilitates rout-
ing wires throughout the receiver as the shields 
can be spot-soldered to ground lugs and to each 
other in bundles. When wiring, mount compo-
nents at right angles to the chassis sides wherever 
possible: t his helps give the finished unit a neat 
appearance. ln critical circuits, however, do not 
sacrifice short and direct leads for the sake of 
making the unit look pretty. 

Placing the receiver in a rack cabinet and 
marking all controls on the front panel with 
decals also helps in giving the finished receiver a 
neat and " commercial" appearance. 

The Calibrator 

The 100-kc. calibrator is built in a separate 
4 X 4 X 2-inch aluminum box and plugs into the 
accessory socket at the left rear of the receiver 
chassis. Fig. 5-61 shows the internal construetion. 
The accessory socket provides the necessary 
operating voltage for the transistors and otters 
a convenient means for coupling the 100-ke. har-
monies out of the calibrator into the receiver. If 
the calibrator is to be used as a self-contained 
unit it must be supplied with approximately 7-10 
volts. A series arrangement of penlite cells, or a 
mercury battery, can be used. A battery clip 

Si — See R2, Fig. 5-56. 
TM—Power transformer, 700 v. c.t., 120 ma.; 5 v., 3 amp.; 

6.3 v., 4.7 amp. (Knight 62 G 044). 

mounted on the side of the box is a convenient 
way to hold the internal batteries. If the unit is 
to be self-contained, a separate output jack for 
the calibrator must be provided. A phono jack 
may be used. 

+260V. 

+250V. 

+105V. 

L F. Alignment 

Before starting alignment of the receiver, first 
determine whether the audio stages are function-
ing correctly. An audio signal should be coupled 
to the top end of the volume control, and varying 
the control should change the output level of the 
audio signal. If an audio signal is not available, 
the 60-cycle heater voltage will provide a con-
venient audio signal for checking. 
There are various ways to approach the align-

ment problem. A 50-ke. signal generator can be 
used; however, these are hard to come by. Some 
of the better audio oscillators go as high as 50 ke. 
and can be used for alignment purposes. A second, 
and possibly. superior, method is to use any of 
the numerous signal generators which will deliver 
4.5-Me. output: fed into the first i.f. amplifier 
grid, the 4.5-Me. signal will beat against the 
second conversion oscillator to produce a 50-ke. 
i.f, signal which then can be used for alignment. 
This method also insures that the first i.f. signal 

Fig. 5-58—The power supply is built along the 
back of the chassis; filter capacitor and VR 
tube are just in back of the filter choke in this 

view. The crystal calibrator unit at right is 
cushioned by rubber bumpers mounted on the 
receiver chassis. Cs is on top of the calibrator 
unit. Front-end coil shields are at the top right 
in this photograph, along with the tuning 
capacitor bracket and flexible coupling. The 
on-off switch, Si, on rear of the audio gain 
control, is a new push-pull type. Filter crystals 
are grouped behind the volume control, and 
the second conversion oscillator crystal is 
slightly to their left. The 4.5-Mc. i.f. trans-
formers (in the small shield cans) are close to 
the filter crystals. The b.f.o. coil is at the 
extreme left in this view; all other large cans 
contain the 50-kc. i.f. transformers. Connec-
tions on the back chassis wall, left to right, are 

the muting terminals, B- plus output for auxiliary 
use, speaker terminals, i.f. output (phono jack), 

and antenna input connector. 
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Fig. 5-59— Each set of coils is provided with a wooden 
base for storage. C2 and Ci are mounted in the recesses 

at the tops of the oscillator and mixer coil forms. 

DCS-500 Coil Table 
.111 coils %% mind with NO. 20 enameled wire cm Iliallloter polystyrene form- It.f. toil 

t'orms are four-prong (.1.mphet 2.1-. I'); mixer and oscillator oils art. five-prong 1111(1(mo) 
24-5P). (.. and CI Ilammarltaal Al'C-50 exrept on \Ir., which takes AP('-75. 'raps are 
vomited limn ground l'ritnaries and ticklers are elose-wound in the same direet ion as the 
main coil at bottom loran: grid and plate (or antenna) vonnertions at outside ends. 
Band 

3.5 Mc. 

LI, 45' turns el ee-tt mind. 

an, turn, elose-st-ound, tapped at 26'4 turns. 
L3, 2s turns el,,se-st ound, tapped at 16 turn, 
Li, 26' turns, 

7 M C. L-2, turns sptteed to 1 Melt. Tapped at t1.14: turns. 
/,:t. 17) turns spayed to 7,i inch. l'ai ped at 434: turns. 
Li, 13 turns spared to s inch. 

14 Me. L2, 16:' turns spaced to 1 inch. Tapped at 3 turns. 
Ln, •, turns sieteed to % inc-h. Tapped at 17,:à: turns. 
Li, 9!.¡ turns spewed to inch. 

21 Nfc. L2, 7,4 turns spaced to 1:; inches. Tapped at 2 turns. 
La, 61g., turns spiteed tc inch. Tapped at 2 turns. 
61, turns spared to 

28 Nir. L2, 5.u. turns spaced to i, inches. Tapped tit. 2 turns. 
Ln, 4.4 turns spayed to inch. Tapped at 1 turns. 

Priniftrei I, 1 . id -kb, 

10,4 turns, , stewing front seeontlary. 

11'4: ¡dre•h sparing front seeondary. 
7 turns, ) ¡- ind•li spa-ing from seeondary. 
7'4' turns, ),"- inelt siel-ing front sevontlary. 

turns, -p-r- rig from seeondary. 
7"4: turns, !..- inelk spacing front seeondary. 
6", turns, -Ir''! cg from secondary. 

5,4' turns, ',ditch spaeine from seeondary. 
384: t urns. ::: 1, spaeing front secondary. 
6,4 turns, spacing from secondary. 

5,.‘ turns, ',,diteh spaying from secondary. 

3').¡ turns, ';,- ittelt sit:icing from seeondary. 
5".. turns, 14-inel, spaying. from seeondary. 

-1 34: turns, ,Mel, spitting front seeontlary. 
2', turns. c,died, sparing front seeondary_ 

will fall within the crystal filter bandpass in rase 
the crystal frequencie.s are not exact. %%lain align-
ing, connect a voltmeter (preferably it 

avros detector load resistor (point 
I) of 7% and chassis), turn the i.f, gain control 
about three-quarters open, and tune both the 
plate circuit of the second eonversion oscillator 

and the 50-kc. i.f. transformers for maximum out-
put, as indicated on the meter. The output of the 
signal generator should not he modulated, and at 
the start wiil most likely be " wide open." I low-
ever, as alignment progresses the output of the 
go.nera tor will have to be progressively decreased. 
When aligning tut' i.f. transformers there should 

Fig. 5-60—The potentiometer for S-meter adjustment and the audio output transformer ore on the right chassis wall 
in this view. The 50-kc. i.f. trap is located just above the power transformer in the lower right-hand corner. The antenna 
trimmer is located at extreme left center. The crystal filter sockets are at top center, and to their left on the front wall is the 
calibrator switch Si. To the right of the calibrator switch is the sensitivity control, followed to the right by the selectivity 
switch Sc and the b.f.o. pitch-control capacitor. The octal accessory socket for the calibrator is at the lower left. As shown, 
shielded wire spot-soldered together in bundles can be routed conveniently to various points in the receiver. Ceramic 

sockets are used throughout the front end (center left). Mounting components parallel with the 
chassis sides helps give the finished unit a neat appearance. 
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be a defitnte peak in output as each circuit is 
brought through resonance. If a particular ca 
does not peak, that coil and its associated circuits 
should be checked. After peaking one winding of 
a transformer, recheck the other: it may need 
touching up. After alignment of all the 50-ke. 
coils is completed, go back and " rock" each coil 
slug to be sure it is peaked for maximum output. 
This completes the 50-kc. alignment. 

leave the signal generator on, set the b.f.o. 
pitch control at half capacitance, turn the b. f.o. 
on, and wljust its coil slug for zero beat with the 
50-kc. i. f. signal. Varying tlw pitdi control over 
its range should proilure a toile with a maximum 
freipuiney of 3 ke. either side of zero lwat. 

Next, the 50-kr. trap on the output of the 
detector should be wljusted. Coi ii the vertical 
input terminals of all oscilloscope between the 
plate of the first audio amplifier and chassis, turn 
on the b.f.o., and adjust C12 for minimum 50-kc. 
signal on the scope. This trap, made up of C12 and 
L5, attenuates any 50-kc. feed-t hrough. 
The first-i.1. coils at -I.5-Mr. should next be 

adjusted. Couple the signal generator to the grid 
of the first mixer and peak L4 and L5 for maximum 
deflection of tie' v.t.v.m. at the detector. The 
i. f. system is then completely aligned. 

Front-End Alignment 

To adjust the front riel, plug in a set of coils 
and check the oscillator frequenry range either 
with a calibrated g.d.o. or on a valibrated gen-
eral-coverage receiver, the lai ter being preferalile. 
Keep in mind that the oscillator works 4.5 
Mc. above the signal on 80, AO and 20 meters, and 
4.5 Mc. below the signal frequency on the 15- and 
10-meter bands. This means that on 15 and 10 
meters the oscillator trimmer capacitor, C4, must 
be at the larger-capacitance setting of the two 
that bring in signals. After establishing the cor-
rect frequency range of the oscillator, inject a 
signal at the low end of the band into the antenna 
terminals and peak the mixer capacitor, C9, and 
the antenna trimmer, for maximum signal. 
Then move the test signal to the high end of the 
band and recheck the mixer trimmer capacitor 
(the antenna trimmer also will have to be re-
peaked) for correct tracking. If C2 has to be read-
justed, spread the mixer coil turns apart or com-
press them together until the signal strength is 
uniform at both ends of the band, without read-
justment of If the mixer trimmer capacitance 
had to be increased at tile high-frequency end of 
the band to maintain tracking, the coil tap is too 

far up the coil mid the turns below the tap must 
be spread apart or the tap itself must be moved 
down. If the trimmer capacitance has to be de-
creased the tap is too low. Coil specifications 
might possibly llave to be altered slightly front 
those given in the table, particularly on the higher 
frequencies, because of variations in strays from 
one receiver to another. 

General 

Adjustment of the calibrator is relatively 
straightforward, and should present no problems. 
Turn on the calibrator and you should hear the 
100-kr. harmonics on whatever band you happiii 
to be using. ( bum it is determined that the unit, is 
working correct iv, the only adjustment necessary 
is to set the friemeney of the calibrator exactly. 
The usual reference is WNW or any broadea.st 
station that is on a frequency which. is a whole-
number multiple of 100 kr. The frequency tol-
erance for standard broadcast stations is 20 
cycles, thus be. stations represent a source for 
accurate frequency determination. 

Using a general-coverage or b.c. receiver, tune 
in either WWV or a known broadcast station and 
adjust the calibrator trimmer Cs for zero beat. 
The calibrator will then provide accurate 100-kr. 
signals that can be used for frequency determina-
tion and band-edge marking. 
The first intermediate frequency can be altered 

slightly to facilitate the use of particular sets of 
crystals available. However, if the deviation is 
more than 20 kr. or so, slight changes may be 
needed in the h.f. oscillator coil specifications to 
maintain the proper bandspread. 

If the receiver is to be worked in a rack cabinet 
as shown in Fig. 5-54, or if a cover plate is at-
tached to the bottom of the receiver chassis, 
minor alignment touch-up may be neeessary. 

Spraying the receiver chassis with a light coat 
of clear plastic lacquer before mounting any of 
the components will prevent fingerprints and 
oxidation of the chassis. 
The audio output stage has adequate power to 

drive a 5- or 6-inch speaker, which may be 
mounted in a small open-back metal utility box. 
The i.f. output jack at the rear provides a 

convenient way of attaching accessory devices 
such as an oscilloscope for modulation checking. 
A side-by-side comparison of the finished re-

ceiver with some of the better-quality commer-
cial units will show that this receiver can hold 
its own in sensitivity, selectivity and stability. 
Needless to say, the more care taken in construc-
tion, wiring and alignment the better the results. 

Fig. 5-61— Inside view of the calibrator unit. The 100-kc. 
oscillator Coil, [ us, is at the right, the oscillator transistor, 

02, is in the foreground mounted to the crystal socket, and 
the amplifier transistor, Ou, is mounted at the right on a 
terminal strip. The 100-kc. crystal is mounted horizontally 
between the plate and the octal plug. The plug can be 

mounted on 2-inch screws as shown in the photograph, 
or on the bottom plate of the Minibox, with flexible leads 
to the circuit. If the calibrator is to be used as a self-con-

tained unit ( see text) the octal plug is not necessary. 



Q Multiplier 

A Transistorized Q Multiplier 

A "Q multiplier" is an elect renie device that 
boosts the Q of a tuned circuit many times beyond 
its normal value. In this condition the single 
tuned circuit has muell greater selectivitv than 
normal, and it can lie utilized to rejec t or amplify 
a narrow band of frequencies. There are vacuum-
tube versions of the Q-multiplier circuit, but the 
transistorized Q multiplier to be described has 
the advantage that it eliminates a power-supply 
problem and is very compact. 

Circuit and Theory 

Parallel-tuned circuits have been used for years 
as " suck-out" trap circuits. Properly coupling a 
parallel-tuned circuit loosely to a vacuum-tube 
amplifier stage, it will be found that the amplifier 
stage has no gain at the frequency to which the 
trap circuit is tuned. The additional tuned circuit 
puts a " notch" in the response of the amplifier. 
The principle is used in TV and other amplifiers 
to minimize response to a narrow band of fre-
quencies. Increasing the Q of the trap circuit 
reduces the width of the rejection notch. 
The transistorized Q multiplier makes use of 

the above effect for its operation. A tuned circuit 
is made regenerative to increase its Q and is 
coupled into the i.f. stage of a receiver. By chang-
ing the frequency of the regenerative circuit, the 
sharp notch can be moved about across the pass-
band of the receiver. The width of the notch is 
changed by controlling the amount of regen-
eration. 

Although it seems paradoxical, the transistor-
ized Q multiplier with no change in circuitry will 
also permit " peaking" an incoming signal the 
way a vacuum-tube Q multiplier does. The mode 
of operation is selected by adjustment of the 
regeneration control, and this then usually re-
quires a slight readjustment of the frequency 
control. The peaking effect is not quite as pro-
nounced as the notch, but it is still adequate to 
give fairly good single-signal c.w. reception with 
a receiver of otherwise inadequate selectivity. 
The regenerative circuit builds up the signal 

and feeds it back to the amplifier at a higher level 

Fig. 5-62—Circuit diagram of 
the 455-kc. transistorized Q 
multiplier. Unless otherwise in-
dicated, capacitances are in 
µed., resistances are in ohms, 

resistors are 1/2 watt. 

—15-µµf. variable capacitor (Hammarlund HF-15). 
14-1000-2000-ph. slug-tuned coil (North Hills 120-K. 

North Hills Electric Co., Mineola, N. Y.). 
12-500-1000-ph. slug-tuned coil (North Hills 120-1). 
QI—CK768 PNP ¡unction transistor. 
Si—Part of RI. 
WI—Three-foot length of R0-58 /U cable. 

and in the proper phase to add to the original 
signal. The notch effect described earlier works 
in a similar manlier except that the tuning of the 
regenerative circuit is such that it feeds back the 
signal out of phase. 
The schematic diagram of the Q multiplier is 

shown in Fig. 5-62. The inductor L1 furnishes 
coupling from the receiver to the Q multiplier, 
and C.I is required to prevent short-circuiting 
the receiver's plate supply. The multiplier proper 
consists of the tunable circuit CiC3L2 ronnevted 
to a transistor in the collector-tuned common-
base oscillator circuit using capacitive feedback 
via C2. Regeneration is controlled by varying the 
d.c. operating voltage through dropping resistor 

Layout 

The unit and power supply are built in a small 
aluminum " Minibox" measuring 5 X 234 X 2% 
inches (Bud CU-300-1) and the operating controls 
are mounted on a incite or aluminum subpanel. 
All parts of the unit are built on one half of the 
box. This feature not only simplifies construction 
but makes a battery change a simple job, even if 
this is required only a couple of times a year. 

All major components, such as the two slug-
tuned coils, tie point, battery holder, regenera-
tion and tuning controls, are mounted directly on 
the box and subpanel. The remaining resistors, 
capacitors and the single transistor are sup-
ported by their connections to the above parts. 
The two slug-tuned coils, Li and L2, are cen-

tered on the box and spaced one inch apart on 
centers. Operating controls Ci and R5 are placed 
1% inches from the ends of the subpanel and 
centered. The tie point mounts directly behind 
tinting control 
Power for the unit is supplied by four penlight 

cells (type 912) which are mounted in the battery 
holder (Lafayette Radio Co. Stock No. MS-170) 
directly behind regeneration control RI. Total 
drain on the battery never exceeds 0.2 ma. 

Connection to the receiver is made with a three-
foot length of BG-58/U cable brought through 
the rear wall of the Minibox. A rubber grommet 
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Fig. 5-63—View of the Q multiplier showing its single 
connecting cable to the receiver. The box can be placed 

in any convenient spot on or around the receiver. 

should be placed in the hole to prevent chafing of 
the cable insulation. 
When soldering t he transistor in plan% be sure 

to take the usual 1)11.u:slit ions against heat damage. 

Alignment 

After completing the wiring (and double-check-
ing it) connect the open end of the three-foot 
cable to the plate circuit of the receiver mixer 
tube. This can be done in a permanent fashion 
by suldering the inner conductor of the cable to 
t he plat s. pin on the tube socket or any point that 
is mil tiect ed directly to this pin, and by soldering 
the sliield to any convenient nearby ground point. 
If you are one of those people who is afraid to 
take the bottom plate off his receiver, and you 
have a receiver with octal tubes, a " chicken con-
nection" can be made by removing the mixer 
tube and wrapping a short piece of small wire 
around the plate pin. Reinsert the tube in its 
socket and solder the center conductor of the 
coax to the small wire coming from the plate pin. 
Now ground the coax shield to the receiver chassis. 

Fig. 5-64—The O multiplier and its battery supply are 
combined in one small Minibox. The single transistor is 

visible near the top right corner. 

It is important to keep the lead from the tube pin 
to the coax as short as possible, to prevent stray 

pickup. 
Check the schematic diagram of the receiver 

for hells in locating the above receiver connections. 
Turn on the receiver and tune in a signal 

strong enough to give an S-meter reading. Any 
decent signal on the broadcast band will do_ 
Next, tune the slug on Li until the signal peaks 
up. You are tuning out the reactance of the con-
nect lug cable, and effectively peaking up the if 
If the receiver has no S meter, use an a.c. volt--
meter across the audio output. When tisis step. 
has been successfully completed the Q multiplier. 
is properly connected to the receiver and when 
switched to " off" (Si opened) will not affect nor-
mal receiver operation. 
The next step is to bring the multiplier into 

oscillation, and to adjust its frequency to a useful 
range. Set the tuning control to half capacity and 
advance the regeneration control to about half 
open. Tisis latter movement also turns the power 
on. Tune the receiver to a clear spot and set the 
receiver b.f.o. to the center of the pass-band. 
Now adjust the slug of L2. The multiplier should 
be oscillating, and sonwwhere ils the adjustment 
of L2 a heat note will be heard from the receiver. 
This indicates the frequency of oscillation is 
somewhere on or near the i.f. Swing this into zero 
beat with the Is.f.o. 

Final Adjustment 

One of the best ways to make final alignment 
is to simulate an utiwanted heterodyne in the 
receiver an. l adjust t he Q multiplier for maximum 
attenuation of the unwanted signal. To (lo this, 
tune in a moderately weak signal with the b.f.o. 
on. A broadcast station received with the :ststenna 
disconnected will do. The b.f.o. will beat with the 
incoming signal, producing an audio tone. Adjust 
the b.f.o. for a tone of about 1 kv. or so. 
Back off on control RI until the oscillator be-

comes regenerative. By alternately adjusting the 
tuning control, C1, and the regeneration control, 
RI, a point can be found where the audio tone 
disappears, or at least is attenuated. Some slight 
retouching of L2 may have to be done in the 
above alignment, since the movement of any one 
control tends to " pull" the others. The optimum 
situation is to have the tuning control Cs set at 
about half capacity when the notch is in the 
center of the passband. 

If you happen to get a super active transistor 
and the regeneration control does not have the 
range to stop oscillator action, increase the value 
of the series resistor 112. Conversely, if the unit 
fails to oscillate, reduce the value of 112. 
When making the above adjustments, you 

should notice that the audio tone can be peaked 
as well as nulled. If it can not be peaked, a little 
more practice with the controls should produce 
this condition. In the unit shown here, the best 
null was produced with the regeneration control 
turned only a few degrees. Optimum peak posi-
tion was obtained with the regeneration control 
almost at the point of oscillation. 



Conelrad 

Conelrad 
Effective January 2, 1957, the " Conelrad" 

rules became part of the amateur regulations. 
Essentially, compliance with the rules consists of 
monitoring a broadcast station — standard band, 
f.m. or TV — either continuously or at intervals 
not exceeding ten minutes, during periods in 
which the amateur transmitter is in use. On re-
ceipt of a Conelrad Alert all transmitting must 
cease, except as authorized in 12.193 and 12.194 
of the FCC regulations. 
The existence of an Alert may be determined 

ANT 
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TO GRID Q. 
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Fig. 5-65—Converter circuit for monitoring broadcast sta-
tions in connection with a communications receiver. 
Capacitances are in umf. 

Ci Cin—Two-gang broadcast capacitor, oscillator sec-
tion according to intermediate frequency to be 
used. 

it— Loop stick. 
Ti—B.c. oscillator transformer (for i.f. to be used). 
72- 1.f. coil and trimmer. This can be taken from an i.f. 

transformer, or the transformer can be used intact, 
the output being taken from the secondary. 

Note: If only one broadcast station is to be monitored 
CI and CI jJ can be padder-type capacitors (or a com-
bination of padding and fixed capacitance as required) 
adjusted for the desired station and intermediate fre-
quencies. Other types of converter tubes may be substi-
tuted if desired. 

Power For the unit can be taken from the receiver's 
"accessory" socket. 

as outlined in 12.192(b)(3). Operation during 
hours when local broadcast stations are not on 
the air will require tuning through the standard 
broadcast band to determine if operation appears 
to be normal. The presence of any U. S. broadcast 
stations on frequencies other than 640 and 1240 
kc. indicates normal uperation. 

Perhaps the simplest form of compliance is by 
means of a simple converter working into the i.f. 
amplifier of the regular station receiver. A typical 
circuit is shown in Fig. 5-65. The converter can 
be built in a small metal case and mounted at a 

convenient spot on the receiver so that Si can be 
closed at regular intervals for checking the 
broadcast station. As an alternative, the con-
verter can be mounted out of the way at the rear 
of the receiver and the switch leads brought out 
to a convenient spot. 

• A "FAIL-PROOF" CONELRAD ALARM 
The conelrad alarm shown in Fig. 5-65 uses a 

small BC receiver to furnish both audible and 
visible indications of a Conelrad Alert (the re-
ceiver may still be used for normal broadcast 
reception). 

With the receiver tuned to a broadcast carrier 
and the alarm circuit in operation, a green " safe" 
light indicates that all is well on the broadcast 
band. When the broadcast carrier goes off, as it 
will in a Conelrad Radio Alert, the green light 
goes out, a red " danger" light comes on, a buzzer 
sounds, and the 115-volt a.c. line to the trans-
mitter is opened up. In other words, the device 
puts you off the air! The audible and visible 
warnings also are given in the event of a com-
ponent failure in either the control receiver or 
the alarm. Even the disappearance of the 115-
volt supply will not go unnoticed, since in that 
case the green " safe" light will go out, indicating 
that the alarm is inoperative. 
The alarm requires a minimum of 0.7 volts 

(negative) from the receiver's a.v.c. (automatic 
volume control) circuit for dependable operation. 
Receivers having one stage of i.f. amplification 
will develop at least this much a.v.c. voltage 
when tuned to a signal of reasonable strength. 
But watch out for the " superhets" that do not 
have an i.f. stage; they are of little value as a 
source of control voltage for the alarm. You 
can usually find out if the receiver has an if. 
stage by looking at the tube list pasted on either 
the chassis or the inside of the cabinet. 
The circuit of the alarm is shown in section B, 

Fig. 5-66. Section A is a typical a.v.c.-detector-
first audio stage of an a.c.-d.c. receiver, and shows 
how the alarm circuit is tied into a receiver. 

Although a 12AV6 is shown as the detector, 
other tubes may be used in some receivers. How-
ever, the basic circuit will be the same or very 
similar. 

Finding the a.v.c. line in the jumble beneath 
the chassis of the ordinary a.c.-d.c. receiver is not 
always easy. Here are a few hints: 

Using section A, Fig. 5-66, as a guide, locate 
the detector tube socket. Trace out the leads go-
ing to the secondary of the last i.f. transformer, 
7'1. This transformer usually will be adjacent to 
the detector tube. The lower end of the secondary 
winding will be connected to several different re-
sistors, one of these being the diode-load filter 
resistor (approximately 50K in most circuits) and 
another the a.v.c. filter resistor, RI. The value of 
the latter resistor is ordinarily above one meg-
ohm. Trace through RI in the direction of the 
arrow ( Fig. 5-titi), until you locate the fairly high 
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5 - HIGH-FREQUENCY RECEIVERS 

DET.- A.V.C.-A.F. 

(A) 
TO I. F. 
TUBE 

TO Bf 

A.v.C. 

c, 

I2AV6 

DIODE 
3.3 MEG LOAD 

A.V.C. VOLTAGE 

TO 
AUDIO » ID 

COMMON 
BUS 

4 K REMOTE 

A.C. TO 
  CONTROL 

CONELRAD ALARM CIRCUIT AMTR. 

I2AT 7 

I MEG 
R3 

5.6 K 150K 

+15V. (NO A.V.C. VOLTAGE TO V2A) 

+30V. ( V2A AT CUTOFF) 

COMMON BUS 

12AT] 

GREEN 

12 

1, 

S' 

II5V.A C. (ONNECT ACROSS) 
Of OD-OFF SWITCH 
115v. ON SET SIDE 

 B.C.IN RCVS 

Fig. 5-66—Circuit of the Conelrad alarm ( B) connected to the a.v.c. circuit (A) of a typical a.c.-d.c. broadcast receiver 
Resistors are 1/2  watt unless otherwise specified. CI, Ri and Ti in section A are components in the broadcast receiver 

li —6-volt a.c. buzzer (Edwards 725). Si, S2-5.p.s.t. rotary canopy switch (ICA 1257). 
12,12- 6-volt pilot lamp, No. 47. Ss—Momentary-contact switch (Switchcraft 101). 
Ki—D.p.d.t. sensitive relay, 5000-ohm coil, 5-amp. con- T2— Replacement-type power transformer, 150 volts, 25 

tacts (Potter & Brumfield GB11D). ma.; 6.3 volts, 0.5 amp. (Merit P-3046 or 

R2-5-megohm potentiometer. equivalent). 

value (0.05 pf. or so) a.v.c. filter capacitor, 
Now you have the a.v.r. line dearly identified 
and the tap for the alarm circuit may be made. 

Not ice t hat. the cathode of VI and the cold side 
of C1 are bot li TI 't tuned to a common bus or — 13 
line, not direct ly to the chassis. Also observe t hat 
the return for the alarm circuit is made to the 
common bus in the receiver, not to the chassis of 
1 he set. Do not ground this lead to the chassis or 
conned it to any efposed metal pads. If there is 
any difficulty in loeating the common bus in the 
vicinity of the ileteetor stage, check back from 
the negative side of the power-supply filter ca-
pacitors, as this point is always attached to the 
common bus. 
The monitor should be built in an insulated 

box of some kind and not in a metal case. The 
box ean be made of plyg.00d, or a bakelite in-
strument ease (e.g., ICA I y s) 8202). The bake-
lite case is ideal for the applieation, ! nit it must 
be handled with care during construction, to 
avoid scratching, chipping, or breakage. Be espe-
eially careful when drilling large holes such as 
those used in mounting the pilot-lamp assem-
Mks and switches, because a large drill tends to 
bind and crack the ease. 

Testing and Operating 

The chances are pretty good that right after 
the receiver and the monitor have been turned on 
the red lamp will light and — if you haven't had 
the foresight to Opell S3 to prevent the noise — 
the buzzer will sound. Tune the receiver to a 
broadcast station and see if the red light goes out 
and the green light comes on. If this happens, 
(lose S3 and you're all set for eonelrad compli-
ance. If the " safe" light does not come on, tune 
around for a signal strong enough to actuate the 
alarm. Should the signal of greatest apparent 
strength fail to trigger the monitor, leave the re-
ceiver tuned to this signal and then momentarily 
press S2. The alarm should now lock on " safe," 
provided the a.v.c. circuit delivers 0.7 volt or 
more to V2A• 
The only d.e. measurements of any muse-

quence that need be made in checking through 
the alarm circuit are the output. voltage of the 
power supply and the voltage at the cathode of 
V28. The proper voltages at these two points 
are given on the circuit. diagram. If the alarm 
fails to respond properly, it may be advisable to 
check the a.v.c. voltage with a v.t.v.m. 
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CHAPTER 6 

High-Frequency 

Transmitters 
The principal requirements to be met in c.w. 

transmitters for the amateur bands between 1.8 
and 30 Mc. are that the frequency must be as 
stable as good practice permits, the output signal 
must be free from modulation and that harmonics 
and other spurious emissions must be eliminated 
or reduced to the point where they do not cause 
interferenee to other stations. 
The over-all design depends primarily upon the 

bands in which operation is desired, and the 
power output. A simple oscillator with satisfac-
tory frequency stability may be used as a trans-
mitter at the lower frequencies, as indicated in 
Fig. 6-1A, but the power output obtainable is 
small. As a general rule, the output of the oscil-
lator is fed into one or more amplifiers to bring 
the power fed to the antenna up to the desired 
level, as shown in B. 
An amplifier whose output frequency is the 

same as the input frequency is called a straight 
amplifier. A buffer amplifier is the term some-
times applied to an amplifier stage to indicate 
that its primary purpose is one of isolation, rather 
than power gain. 

Because it becomes increasingly difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most usual prac-
tice in working at the higher frequencies to 
operate the oscillator at a low frequency and 
follow it with one or more frequency multi-
pliers as required to arrive at the desired out-
put frequency. A frequency multiplier is an 
amplifier that delivers output at a multiple 
of the exciting frequency. A doubler is a mul-
tiplier that gives output at twice the exciting 
frequency; a tripler multiplies the exciting fre-
quency by three. etc. From the viewpoint of any 
particular stage in a transmitter, the preceding 
stage is its driver. 

As a general rule, frequency multipliers should 
not be used to feed the antenna system directly, 
but should feed a straight amplifier which, in 
turn, feeds the antenna system, as shown in 
Fig. D and E. As the diagrams indicate, it is 
often possible to operate more than one stage 
from a single power supply. 
Good frequency stability is most easily ob-

tained through the use of a crystal-controlled 
oscillator, although a different crystal is needed 
for each frequency desired (or multiples of that 
frequency). A self-controlled oscillator or v.f.o. 
(variable-frequency oscillator) may be tuned to 
any frequency with a dial in the manner of a 

receiver, but requires great care in design and 
construction if its stability is to compare with 
that of a crystal oscillator. 

In all types of transmitter stages, screen-grid 
tubes have the advantage over triodes that they 
require less driving power. With a lower-power 
exciter, the problem of harmonic reduction is 
made easier. Most satisfactory oscillator circuits 
use a screen-grid tube. 

(A) 

OSC 

PWR 

(3) 

DBLR AMP 

(D) 

(c) 

OSC DBLR 

PWR 

PWR 

DBLR 

PWR 

(E) 

H AMP F-

PWR 

Fig. 6-1—Block diagrams showing typical combinations 

of oscillator and amplifiers and power-supply arrange-
ments for transmitters. A wide selection is possible, de-
pending upon the number of bands in which operation is 

desired and the power output. 
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6 — HIGH-FREQUENCY TRANSMITTERS 

Oscillators 

• CRYSTAL OSCILLATORS 
The frequency of a crystal-controlled oscillator 

is held constant to a high degree of accuracy by 
the use of a quartz crystal. The frequency de-
pends almost entirely on the dimensions of the 
crystal (essentially its thickness); other circuit 
values have comparatively negligible effect. 
however, the power obtainable is limited by the 
heat the crystal will stand without fracturing. 
The amount of heating is dependent upon the 
r.f. crystal current which, in turn, is a function 
of the amount of feedback required to provide 
proper excitation. Crystal heating short of the 
danger point results in frequency drift to an 
extent depending upon the way the crystal is 
cut. Excitation should always be adjusted to the 
minimum necessary for proper operation. 

Crystal-Oscillator Circuits 

The simplest crystal-oscillator circuit is shown 
in Fig. 6-2A. An equivalent is shown at B. It is 
a Colpitts circuit (see chapter on vacuum-tube 
principles) with the tube tapped across part of the 
tuned circuit. The crystal has been replaced by 
its equivalent — a series-tuned circuit LIC4-
(See chapter on electrical laws and circuits.) C6 
and C6 are the tube grid-cathode and plate-

(B) (A) 

circuit in the actual plate circuit. Although the 
oscillator itself is not entirely independent of 
adjustments made in the plate tank circuit when 
the latter is tuned near the fundamental fre-
quency of the crystal, the effects can be satis-
factorily minimized by proper choice of the oscil-
lator tube. 
The circuit of Fig. 6-3A is known as the Tri-

tot. The oscillator circuit is that of Fig. 6-2C. 
Excitation is controlled by adjustment of the tank 
MCI, which should have a low L/C ratio, and be 
tuned considerably to the high-frequency side of 
the crystal frequency (approximately 5 Mc. for a 
3.5- Me, crystal) to prevent over-excitation and 
high i•rystal current. Once the proper adjustment 
for average crystals has been found, C1 may he 
replared with a fixed capacitor of equal value. 
The oscillator circuit of Fig. 3-B is that of 

Fig. 6-2A. Excitation is controlled by Cg. 
The oscillator of the grid-plate circuit of Fig. 

6-3C is the same as that of Fig. 6-3B, except that 
the ground point has been moved from the cath-
ode to the plate of the oscillator (in other words, 
to the screen of the tube). Excitation is adjusted 
by proper proportioning of Cg and C7. 
When most types of tubes are used in the cir-

cuits of Fig. 6-3, oscillation will stop when the 
output plate circuit is tuned to the crystal fre-

(c) 

Fig. 6-2—Simple crystal-oscillator circuits. A—Pierce. B—Equivalent of circuit A. C—Simple triode oscillator. CI is a 
plate blocking capacitor, C2 an output coupling capacitor, and Cx a plate bypass. Li, C4, C5 and CS are discussed in the 

text. Ci and L2 should tune to the crystal fundamental frequency. RI is the grid leak. 

cathode capacitances, respectively. In best prac-
tical form, C5 or C6, or both, would be augmented 
by external capacitors from grid to cathode and 
plate to cathode so that feedback could be 
adjusted properly. 
The circuit shown in Fig. 6-2C is the equivalent 

of the tuned-grid tuned-plate eircui t discussed in 
the chapter on viteutun-tube principles, the crys-
tal replacing the tuned grid circuit 
The most commonly used crystal-oscillator cir-

cuits are based on one or the other of these two 
simple types, and are shown in Fig. 6-3. Although 
these circuits are somewhat more complicated, 
they combine the functions of oscillator and am-
plifier or frequency multiplier in a single tube. In 
all of these circuits, the screen of a tetrode or 
pentode is used as the plate in a triode oscillator. 
Power output is taken from a separate tuned tank 

quency, and it is necessary to operate with the 
plate tank circuit critically donned for maxi-
mum output with stability. However, when the 
6AG7, 5763, or the lower-power 6AI-16 is used 
with proper adjustment of excitation, it is possi-
ble to tune to the crystal frequency without 
stopping oscillation. The plate tuning character-
istic should then be similar to Fig. 6-4. These 
tubes also operate with less crystal i•urrent than 
most other types for a given power output, and 
less frequency change occurs when the plate 
circuit is tuned through the crystal frequency 
(less than 25 cycles at 3.5 Me.). 

Crystal current may be estimated by observing 
the relative brilliance of a 60-ma. dial lamp con-
nected in series with the crystal. Current should 
be held to the minimum for sat isfactory output 
by careful adjustment of excitation. With the 
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Oscillators 

operating voltages shown, satisfactory output 
should be obtained with crystal currents of 40 
ma. or less. 

In these circuits, output may be obtained at 
multiples of the crystal frequency lw tuning the 
plate tank circuit to the desired harmonic, the 

ITS 

C5 OUTPUT 

--rc. 

(A) +150 to 300 
TRI-TET 

r_h_1"-- 4 

SIR. (B) 

MODIFIED PIERCE 

+150 to 300 

Fig. 6-3—Commonly used crystal-controlled oscillator cir-
cuits. Values are those recommended for a 6AG7 or 5763 

tube. (See reference in text for other tubes.) 
Ci — Feedback-control capacitor-3.5-Mc. crystals—ap-

prox. 220-µµf. mica-7-Mc. crystals—approx. 
150-µµf. mica. 

C2—Output tank co pacitor-100-µµf. variable for single-
band tank; 250-µµf. variable for two-band tank. 

C2—Screen bypass-0.001-0. disk ceramic. 
C4— Plate bypass-0.001-µf. disk ceramic. 
C5—Output coupling capacitor-50 to 100 µW. 
C6—Excitation-control capacitor-30-µµf. trimmer. 
C7—Excitation capacitor-220-µe/f. mica for 6AG7; 

100-µ0. for 5763. 
Cs—D.c. blocking capacitor-0.001-µf. mica. 
Cu—Excitation-control capacitor- 220-µµf. mica. 
Cio—Heater bypass-0.001-0. disk ceramic. 
RI—Grid leak-0.1 megohm, 1/2  watt. 
R2—Screen resistor-47,000 ohms, 1 watt. 
Li—Excitation-control inductance-3.5-Mc. crystals—ap-

prox. 4 ph.; 7-Mc. crystals—approx. 2 µh. 
1.2—Output-circuit coil—single band:-3.5 Mc.- 17 µh.; 

7 Mc.-8 µh.; 14 Mc.-2.5 ph.; 28 Mc.-1 µh. 
Two-band operation: 3.5 & 7 Mc.-7.5 µh.; 7 & 
14 Mc.-2.5 µh. 

RFCT-2.5-mh. 50-ma. r.f, choke. 

output dropping off, of course, at the higher har-
monics. Especially for harmonic operation, a low-
C plate tank circuit is desirable. 

For best performance with a 6AG7 or 5763, the 
values given under Fig. 6-3 should be followed 
closely. (For a discussion of values for other 
tubes, see Q87' for March, 1950, page 28.) 

• VARIABLE-FREQUENCY 
OSCILLATORS 

The frequency of a v.f.o. depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not 
under the control of the operator. As examples, 
even the minute changes of dimensions with 
temperature, particularly those of the coil, may 
result in a slow but noticeable change in frequency 
called drift. The effective input capacitance of 
the oscillator tube, which must be connected 
across the circuit, changes with variations in 
electrode voltages. This, in turn, causes a change 
in the frequency of the oscillator. To snake use 
of the power from the oscillator, a load, usually 
in the form of an amplifier, must be coupled to 
the oscillator, and variations in the load may re-
flect on the frequency. Very slight mechanical 
movement of components may result in a shift in 
frequency, and vibration can cause modulation. 

V.F.O. Circuits 

Fig. 6-5 shows the most commonly used cir-
cuits. They are all designed to minimize the 
effects mentioned above. All are similar to the 
crystal oscillators of Fig. 6-3 in that the screen 
of a tetrode or pentode is used as the oscillator 
plate. The oscillating circuits in Figs. 6-5A and 
B are the Hartley type; those in C and I) are 
Colpitts cireuits. (See chapter on vacutun-tube 
principles.) In the circuits of A and C, all of the 
above-mentioned effects, except changes in in-
ductance, are minimized by the use of a high-Q 
tank circuit obtained through the use of large 
tank eapaeitanees. Any uncontrolled changes in 
eapacitan(e thus become a very small percentage 
of the total circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 
6-51) (sometimes called the Clapp circuit), a 
high-Q circuit is obtained in a different manner. 
The tube is tapped across only a small portion 
of the oscillating tank circuit, resulting in very 
loose coupling between tube and circuit. The 
taps are provided by a series of three capacitors 
across the coil. In addition, the tube capacitan(-es 
are shunted by large capacitors, so the effects of 
the tube — changes in electrode voltages and 
loa ling — are still further reduced. In contrast 

tu 

TUNING CAPACITY 

Fig. 6-4 — Plate tuning 
characteristic of circuits of 
Fig. 6-3 with preferred 
types (see text). The plate-
current dip at resonance 
broadens and is less pro-
nounced when the circuit is 

loaded. 
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to the preceding circuits, the resulting tank 
circuit has a high L (' ratio and therefore the 
tank current is much lower than in the circuits 
using high-(' tanks. As a result, it will usually 
be found that, other things being equal, drift 
will be less with the low-C circuit. 

For best stability-, the ratio of C13 or Cu 
(which are usually equal) to Cu 1- C12 should be 
as high as possible without stopping oscillation. 
The permissible ratio will be higher the higher 
t he f) of the coil and the mutual conductance of 
he t ids!. If the circuit does not oscillate over the 

df•sired range, a coil of higher must be used or 
the caintritance of C13 and Cut reduced. 

Load Isolation 

In spite of the precautiinis already discussed, 
the tuning of the output plate circuit will cause a 

o 
HIS. +75 to150 - +150 to 300 

(A) HARTLEY 

R, 

L, 

c, 

c. 
co 

Cu. RFC, 

HIS 

(C) 

V2 

+ 7510150 - 

COL PI T TS 

ce 

OUTPUT 

rg0 

+15 to 300 

noticeable change in frequency, particularly in 
the region around resonance. This effect can be 
reduced considerably by designing the oscillator 
for half the desired frequency and doubling fre-
quency in the output circuit. 

It is desirable, although not a strict necessity 
if detuning is recognized and taken into account, 
to approach as closely as possible the condition 
where the adjustment of tuning controls in the 
transmitter, beyond the v.f.o. frequency control, 
will have negligible effect on the frequency. This 
can be done by substituting a fixed-tuned circuit 
in the output of the oseillator, and adding 
isolating stages whose tuning is fixed between the 
oscillator and the first tunable amplifier stage in 
the transmitter. Fig. 6-6 shows such an arrange-
ment that gives good isolation. In the first stage, 
a 6C4 is connected as a cathode follower. This 

Fig. 6-5—V.f.o. circuits. Approximate values for 3.5 Mc. are 
tance and inductance, all tuning capacitances and Ci3 and 

CI—Oscillator bandspread tuning capacitor- 150-µ0. 
variable. 

C2—Output-circuit tank capacitor- 100-µ0. 
Cu—Oscillator tank capacitor-500-W zero-tempera-

ture- coefficient mico. 

CI—Grid coupling capacitor- 100-120. zero-tempera-
ture-coefficient mica. 

Ca—Heater bypass-0.001-0. disk ceramic. 

Co—Screen bypass-0.001-0. disk ceramic. 
C7—Plate bypass-0.001-0. disk ceramic. 
Co—Output coupling capacitor-50 to 100-izef. mica. 
Co—Oscillator tank capacitor-680-W. zero-tempera-

ture-coefficient mica. 
Co—Oscillator tank capacitor-0.0022-0. zero-tem-

perature-coefficient mica. 

R, 

V1 C6 

C4 E-J-7 

03 

(B) 

-rC5 

rh 
HIS .75 10150 - .150 to 300 

HARTLEY NONRESONANT OUTPUT 

ce 
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2  
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L4 c  
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CI4 

V2 C6 

RFC, C5 

'41 4T 10 
+751 150 - +150 lo 300 

T C7 

Ce 

OUTPUT 

la 

T C 

(D) SERIES-TUNED COLPITTS 

given below. For 1.75 Mc., all tank-circuit values of capaci-
Cia should be doubled; for 7 Mc., they should be cut in half. 

CH—Oscillator bandspread pedder-50-µ0. variable 
air. 

Ca—Oscillator bandspread tuning capacitor-25-µµf. 

variable. 
CI CI4—Tube-coupling capacitor-0.001-0. zero-

temperature-coefficient mica. 
R1-47,000 ohms, 1/2  watt. 
Li—Oscillator tank coil-4.3 µh., tapped about one-

third-way from grounded end. 
12—Output-circuit tank coil- 22 eh. 
13—Oscillator tank coil-4.3 ph. 
1,—Oscillator tank coil-33 µh. (8 & W JEL-80). 
RFC; —2.5-mh. 50-ma. r.f. choke. 
V; —6AG7, 5763 or 6A116 preferred; other types usable. 
V2-6AG7, 5763 or 6AH6 required for feedback ca-

pacitances shown. 
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drives a 5763 buffer amplifier whose input 
circuit is fixed-tuned to the approximate band of 
the v.f.o. output. For best isolation, it is impor-
tant that the 6C4 does not draw grid current. 
The output of the v.f.o., or the cathode resistor 
of the 6C4 should be adjusted until the voltage 
across the cathode resistor of the 6(24 (as meas-
ured with a high-resistance d.e. voltmeter with 
an r.f. choke in the positive lead) is the same with 
or without excitation from the v.f.o. L1 should 
be adjusted for most constant output from the 
5763 over the band. 

Chirp 

In all of the circuits shown there will be some 
change of frequency with changes in screen and 
plate voltages, and the use of regulated voltages 
for both usually is necessary. One of the most 
serious results of voltage instability occurs if 
the oscillator is keyed, as it often is for break-in 
operation. Although voltage regulation will 
supply a steady voltage from the power supply 
and therefore is still desirable, it cannot alter 
the fact that the voltage on the tube must rise 
from zero when the key is open, to full voltage 
when the key is closed, and must fall back again 
to zero when the key is opened. The result is a 
chirp each time the key is opened or closed, 
unless the time con-
stant in the keying 
circuit is reduced to 
the point where the 
chirp takes place so 
rapidly that the re-
ceiving operator's 
ear cannot detect it. 
Unfortunately,as 
explained in the 
chapter on keying, 
a certain minimum 

rg—) time constant is nee- + • 6.3V 

essary if key clicks 
are to be minimized. 
Therefore it is evi-
dent that the meas-
ures necessary for 
the reduction of 
chirp and clicks are 
in opposition, and a compromise is necessary. For 
best keying characteristics, the oscillator should 
be allowed to run continuously while a subse-
quent amplifier is keyed. However, a keyed 
amplifier represents a widely variable load and 
unless sufficient isolation is provided between the 
oscillator and the keyed amplifier, the keying 
characteristics may be little better than when 
the oscillator itself is keyed. (See keying chapter 
for other methods of break-in keying.) 

Frequency Drift 

Frequency drift is further reduced most easily 
by limiting the power input as much as possible 
and by mounting the components of the tuned 
circuit in a separate shielded compartment, so 
that they will be isolated from the direct heat 
from tubes and resistors. The shielding also will 

VEO 

eliminate changes in frequency caused by move-
ment of nearby objects, such as the operator's 
hand when tuning the v.f.o. The circuit of Fig. 
6-5D lends itself well to this arrangement, since 
relatively long leads between the tube and the 
tank circuit have «negligible effect on frequency 
because of the large shunting capacitances. The 
grid, cathode and ground leads to the tube can 
1)e bunched in a cable up to several feet long. 

Variable capacitors should have ceramic in-
sulation, good bearing contacts and should pref-
erably be of the (Wile-bearing type, and fixed 
capacitors should ha ve zero temperature eoefli-
dent. The tri) s' soy kel also slumild have ceramic 
insulation and specia I al tent ion should be paid to 
the selection of t he c, ri l in the oscillating section. 

Oscillator Coils 

The Q of the tank coil used in the oscillating 
portion of any of the circuits under discussion 
should be as high as circumstances (usually 
space) permit, since the losses, and therefore 
the heating, will be less. With recommended care 
in regard to other factors mentioned previously, 
most of the drift will originate in the coil. The 
coil should be well spaced from shielding and 
other large metal surfaces, and be of a type that 
radiates heat well, such as a commercial air-

CATS FOLLOWER BUFFER 

Fig. 6-6—Circuit of an isolating amplifier for use between v.f.o. and first tunable stage. All 
capacitances below 0.001 0. are in µµf. All resistors are I/2 watt. Li, for the 3.5-Mc, band, 
consists of 93 turns No. 36 enam., 17/32 inch long, 1/2 -inch diameter, close-wound on National 

XR-50 iron-slug form. Inductance 69 to 134 µh. All capacitors are disk ceramic. 

wound type, or should be wound tightly on a 
threaded ceramic form so that the dimensions will 
not change readily with temperature. The wire 
with which the coil is wound should be as large as 
practicable, especially in the high-C circuits. 

Mechanical Vibration 

To eliminate mechanical vibration, components 
should be mounted securely. Particularly in the 
circuit of Fig. 6-51), the capacitor should pref-
erably have small, thick plates and the coil 
braced, if necessary, to prevent the slightest me-
chanical movement. Wire connections between 
tank-circuit components should be as short as pos-
sible and flexible wire will have less tendency to 
vibrate than solid wire. It is advisable to cushion 
the entire oscillator unit by mounting on sponge 
rubber or other shock mounting. 
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Tuning Characteristic 

If the circuit is oscillating, touching the grid of 
tito tube or any part of the circuit connected to it 
will show a change in plate current. In tuning the 
plate output circuit without load, the plate cur-
rent will be relatively high until it is tuned near 
resonance where the plate current will dip to a 
low value, as illustrated in Fig. 6- l. When the 
output circuit is loaded, the dip should still be 
found, but broader and much less pronounced as 
indicated by the dashed line. The circuit should 
not be loaded beyond the point where the (lip is 
still recognizable. 

Checking V. F. O. Stability 

A v.f.o. should be checked thoroughly before 
it is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with 
the complete transmitter in operation. Almost 
any v.f.o. will show signals of good quality and 
stability when it is running free and not con-
nected to a load. A well-isolated monitor is a 
necessity. Perhaps the most convenient, as well 
as one of the most satisfactory, well-shielded 
monitoring arrangements is a receiver combined 
with a crystal oscillator, as shown in Fig. 6-7. 
(See "( 7rystal Oscillators," this chapter.) The 
crystal frequency should lie in the band of the 
lowest frequency to be checked and in the fre-
quency range where its harmonics will fall in the 
higher-frequency bands. The receiver b. f.o. is 
turned off and the v.f.o. signal is tuned to beat 
with the signal from the crystal oscillator in-
stead. In this way any receiver instability caused 
by overloading of the input circuits, which may 
result in " pulling" of the hi. oscillator in the 
receiver, or by a change in line voltage to the 
receiver when the transmitter is keyed, will not 

R.F. Power-Amplifier 
R.f. power amplifiers used ni amateur trans-

mitters usually are operated under Class C con-
ditions (see chapter on vacuum-tube funda-
mentals). Fig. 6-10 shows a screen-grid tube 
with the required tuned tank in its plate circuit. 
Equivalent cathode connections for a filament-
type tube are shown in Fig. 6-8 It is assumed 
that the tube is being properly driven and that 
the various electrode voltages are appropriate 
for Class e o ¡On. 
• PLATE TANK Q 
The main objective, of course, is to deliver as 

much fundamental power as possible into a load, 
R, without exceeding the tube ratings. The load 
resistance R may be in the form of a transmission 
line to an antenna, or the grid circuit of another 
amplifier. A further objective is to minimize the 
harmonic energy (always generated by a Class C 
amplifier) fed into the load circuit. In attaining 
these objectives, the Q of the tank circuit is of 
importance. When a load is coupled inductively, 
as in Fig. 6-10, the Q of the tank circuit will 
have an effect on the coefficient of coupling nec-

affect the reliability of the check. Most crystals 
have a sufficiently low temperature coefficient 
to give a check on drift as well as on chirp and 
signal quality if they are not overloaded. 
Harmonics of the crystal may be used to beat 

with the transmitter signal when monitoring at 
the higher frequencies. Since any chirp at the 
lower frequencies will be magnified at the higher 
frequencies, accurate checking can best be done 
by monitoring at a harmonic. 
The distance between the crystal oscillator and 

receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal. When wing harmonics of the crystal 
oscillator, it may be necessary to attach a piece 

RECEIVER- BFO OFF 

a 

INi 
VFO 

ATM-
OSC. 

Fig. 6-7—Setup for checking v.f.o. stability. The receiver 
should be tuned preferably to a harmonic of the v.f.o. 
frequency. The crystal oscillator may operate somewhere 
in the band in which the v.f.o. is operating. The receiver 

b.f.o. should be turned off. 

of wire to the oscillator as an antenna to give 
sufficient signal in the receiver. Checks may 
show that the stability is sufficiently good to 
permit oscillator keying at the lower frequencies, 
where lweak-in operation is of greater value, 
but that chirp becomes objectionable at the 
higher frequencies. If further improvement does 
not smut possible. it would be logical in this case 
to use oscillator keying at the lower frequencies 
and amplifier keyirui rit the higher frequencies. 

Tanks and Coupling 
,—ry for proper !,:I ii Ow amplifier. In 
respect to all of these Lo•tors, a tank Q of 10 to 
20 is usually considered optimum. A much lower 
Q will result in less efficient operation of the am-
plifier t iii e, greater harmonie output, and greater 
difficulty in coupling inductively to a load. A 
much higher Q will result in higher tank current 
with increased loss in the tank coil. 
The Q is determined (see chapter on electrical 

laws and circuits) by the LIC ratio and the load 
resistance at which the tube is operated. The tube 
load resistance is related, in approximation, to 

Fig. 6-8—Filament center-tap connec-
tions to be substituted in place of 
cathode connections shown in diagrams 
when filament-type tubes are sub-
stituted. Ti is the filament transformer. 
Filament bypasses, CI, should be 
0.001-0. disk ceramic capacitors. If o 
self- biasing (cathode) resistor is used, 
it should be placed between the center 

tap and ground. 

115 YAC 
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Fig. 6-9—Chart showing plate tank capacitance required 
for a Q of 10. Divide the tube plate voltage by the plate 
current in milliamperes. Select the vertical line correspond-
ing to the answer obtained. Follow this vertical line to the 
diagonal line for the band in question, and thence horizon-
tally to the left to read the capacitance. For a given ratio 
of plate-voltage/plate current, doubling the capacitance 
shown doubles the Q etc. When a split-stator capacitor is 
used in a balanced circuit, the capacitance of each section 

may be one half of the value given by the chart. 

the ratio of the d.c. plate voltage to d.c. plate 
current at which the tube is operated. 
The amount of C that will give a Q of 10 for 

various ratios is shown in Fig. 6-9. For a given 
plate-voltate;plate-current ratio, the Q will vary 
directly as the tank capacitance, twice the 
capacitance doubles the Q etc. For the same Q, 
the capacitance of each section of a split-stator 
capacitor in a balanced circuit should be half 
the value shown. 
These values of capacitance include the output 

capacitance of the amplifier tube, the input capa-
citance of a following amplifier tube if it is coupled 
capacitively, and all other stray capacitances. At 
the higher plate-voltage plate-current ratios, the 
chart may show values of capacitance, for the 
higher frequencies, smaller than those attainable 
in practice. In such a ease, a tank Q higher than 
10 is unavoidable. 

In low-power exciter stages, where capacitive 
coupling is used, very low-Q circuits, tuned only 
by the tube and stray circuit capacitances are 
sometimes used for the purpose of " broadband-

15 20 

ing" to avoid the necessity for retuning a stage 
across a band. Higher-order harmonics generated 
in such a stage can usually be attentuated in the 
tank circuit of the final amplifier. 

• INDUCTIVE-LINK COUPLING 
Coupling to Flat Coaxial Lines 

When the load R in Fig. 6-10 is located for 
convenience at some distance from the amplifier, 
or when maximum harmonic reduction is de-
sired, it is advisable to feed the power to the 
load through a low-impedance coaxial cable. 
The shielded construction of the cable prevents 
radiation and makes it possible to install the line 
in any convenient manner without danger of 
unwanted coupling to other circuits. 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 
end should be adjusted, by a matching circuit if 
necessary, to match the impedance of the cable. 
This reduces losses in the cable and makes the 
coupling adjustments at the transmitter inde-
pendent of the cable length. Matching circuits 
for use between the cable and anot her transmis-
sion line are discussed in the chapter on trans-
mission lines, while the matching adjustments 
when the load is the grid circuit of a following 
amplifier are described elsewhere in this chapter. 
Assuming that the cable is properly terminated, 

proper loading of the amplifier will be assured, 
using the circuit of Fig. 6-11C, if 

1) The plate tank circuit has reasonably high 
value of Q. A value of 10 is usually sufficient. 

2) The inductance of the pick-up or link coil 
is close to the optimum value for the frequency 
and type of line used. The optimum coil is one 
whose self-inductance is such that its reactance 
at the operating frequency is equal to the charac-

H - SG + -HV+ 

Fig. 6-10—Inductive- link output coupling circuits. 
CI—Plate tank capacitor—see text and Fig. 6-9 for ca-

pacitance, Fig. 6-33 for voltage rating. 
C2—Heater bypass-0.001 -pf. disk ceramic. 
C3—Screen bypass—voltage rating depends on method 

of screen supply. See paragraphs on screen con-
siderations. Voltage rating same as plate voltage 
will be safe under any condition. 

CI—Plate bypass-0.001 -pf. disk ceramic or mica. Volt-
age rating same as CI, plus safety factor. 

ti—To resonate at operating frequency with CI. See LC 
chart and inductance formula in electrical-laws 
chapter, or use ARRL Lightning Calculator. 

Li—Reactance equal to line impedance. See reactance 
chart and inductance formula in electrical-laws 
section, or use ARRL Lightning Calculator. 

R—Representing load. 
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(A) 

ALTERNATIVE FOR USE 

WITH SMALL LINKS 

COAXIAL LINE 

(B) 

COAXIAL LINE 

PICK-UP 
INDUCTOR 

(C) 

Fig. 6-11 —With flat transmission lines power transfer is 
obtained with looser coupling if the line input is tuned to 
resonance. Ci and Li should resonate at the operating 
frequency. See table for maximum usable value of C1. If 
circuit does not resonate with maximum Ci or less, induct-
ance of Li must be increased, or added in series at L2. 

teristie impcdatic(', Zo, of the line. 
3) It is possible to make the coupling between 

the tank and pick-up coils very tight. 
The second in this list is often hard to meet. 

Few manufactured link coils have adequate in-
din •r anee even for coupling to a 50-ohm line at 
low frequencies. 

If the line is operating with a low s.w.r., the 
system shown ill Fig. 6-1 IC %%till require tight 
vomiting between the two cnils. Sinee the sec-
ondary (piek-up r(Iil) rinutit is II' il resonant, the 
leakage re:wt.:nice of the piek-up roil will cause 
some detuning of the amplifier tank circuit. This 
(Winning effect inereases with inereasing Cou-
pling, but is usually not serious. [however, the 
amplifier tuning must be adjusted to resonance, 
as indicated by the plate-eurrent dip, each time 
the coupling is changeg I. 

Capacitance in 55f. Required for Coupling to 
Flat Coaxial Linen with Tuned Coupling Circuit 

Frequent? 
Hand 
Mr. 
1.8 
3.5 

14 
28 
Capacitance value: are maxi llllllll ,i,, 1,1. 

Note: Inductance in circuit inlet adju-I, . 1 
resonate at operating frequene. 

Characteriair Impedonre Hoe 
32 75 

ohm., ohm:, 
900 10111 

4511 3181 
2311 I I 
I Is 77, 

411 

Tuned Coupling 
The design difficulties of using " maimed" 

pick-up coils, mentioned above, can be avoided 
by using a coupling circuit toned to the operat-
ing frequency. This contributes additional se-
lectivity as well, and hence aids in the suppres-
sion of spurious radiations. 

If the line is flat the input impedance will be 
essentially resistive and equal to the Zo of the 
line. Wit Ii coaxial cable, a eireuit of reasonable Q 
(a il be obt;tined with practical)le values of induct-
ance and capacitance connected in series with the 
line's input terminals. Suitable circuits are given 
ill Fig. 6-1 1 at A and B. The Q of the coupling 
circuit often may be as low as 2, without run-
ning into difficulty in getting adequate coupling 
to a tank villain of proper design. Larger values 
of (2 ran be used and will result ill increased 
ease of coupling, but as the Q is increased the 
frequeney ranw over whieh the circuit will oper-
ate wit hold, readjustment Iwcomes smaller. It is 
Isually good praet ice, therefore, to use a coupling-
circuit Q just low enough to permit operation, 
over as much of a band as is normally used for a 
particular type of communication, without re-
quiring ret uning. 

Capacitance values for a Q of 2 and line 
impedances of 52 and 75 ohms are given in the 
:icconnrirryirtg table. These are the maximum 
values ha 1 should be used. The inductance in the 
circuit should be adjusted to give resonance at 
t he oluata t ing frequency. If t he link coil used for a 
partieular band dees not ha vi ii lutigh inductance 
to resonate, the additional irelurience may be 
connerted in series as shown in Fig. 6-11B. 

Characteristics 
In practice, the amount of inductance in the 

circuit should be chosen so that, with some-
what loose coupling between L1 and the amplifier 
tank coil, the amplifier plate current will increase 
when the variable capacitor, Cr, is tuned through 
the value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until the amplifier loads normally, 
without changing the setting of C1. If the trans-
mission line is flat over the entire frequency band 
under consigleration, it should not be necessary to 
readjust CI when changing frequency, if the 
values given in the table are used. However, it is 
unlikely that the line actually will be flat over 
sueh a range, so some readjustment of C1 may be 
needed to compensate for changes in the input 
impedance of the line. If the input impedance 
variations are not large, CI may be used as a 
loading control, no changes in the coupling 
betwiwn Li arid the tank coil being necessary. 
The degree of coupling between Li and the 

amplifier tank coil will depend on the coupling-
circuit Q. With a Q of 2, the coupling should be 
tight comparable with the coupling that is 
t vpical of " fixed-link" manufactured coils. With 
a swinging link it may be necessary to increase 
the Q of the coupling circuit in order to get suffi-
cient power transfer. This can be done by in-
creasing the L/C ratio. 
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Pi-Section Output Tanks 

• PI-SECTION OUTPUT TANK 
A pi-section tank circuit may also be used in 

coupling to an antenna or transmission line, as 
shown in Fig. 6-12. The values of capacitance for 
C1 and C2, and inductance for L1 for any values 
of tube load resistance and output load resistance 
may be calculated from the formulas in the 
chapter ou electrical laws. 

C6 

k 4 

C RFSIALCè LINE 

RFC2 

HTR TSG C 

Fig. 6- 12— Pi-section output tank circuit. 
Cs—Input capacitor. See text or Fig. 6-13 for reactance. 

Voltage rating should be equal to d.c. plate 
voltage for c.w.; double this value for plate 
modulation. 

C1— Output capacitor. See text or Fig. 6-15 for reactance. 
See text for voltage rating. 

C,— Heater bypass-0.001 -pf disk ceramic. 
Cs— Screen bypass. See Fig. 6-10. 
CS— Plate bypass. See Fig. 6-10. 
C/;— Plate blocking copacitor-0.001-0. disk ceramic or 

mica. Voltage rating same as Ci. 
1,— See text or Fig. 6-14 for reactance. 
RFC, —See later paragraph on r.f. chokes. 
RFC2-2.5-mh. receiving type (essential to reduce peak 

voltage across both input and output capacitors). 

Values of reactance for CI, Li and (.2 may I s' 
taken direct ly from the charts of Figs. 6-13. 6-1.1 
and 6-15 if the out put load resistance is 52 or 
72 ohms. It should be borne in mind that these 
values apply only where the output load is re-
sistive. i.e., where the antenna and line have 
been matched. The tube load resistance RI in 
ohms is determined by dividing the plate voltage 
by t wice the d.c. plate current in decimal parts of 
an ampere. 

Output-Capacitor Ratings 

l'he voltage rating of the output capacitor 
will depend upon the s.w.r. If the load is resistive, 
receiving-type air capacitors should be adequate 
for amplifier input powers up to 1 kw. with 
plate modulation when feeding 52- or 72-ohm 
loads. In obtaining the larger capacitances re-
quired for the lower frequencies, it is common 
practice to switch fixed capacitors in parallel 
with the variable air capacitor. While the voltage 
rating of a mica or ceramic capacitor may not be 
exeeeded in a particular case, capacitors of these 
types are limited in current-carrying capacity. 
Postage-stamp silver-mica capacitors should be 
adequate for amplifier inputs over the range from 
about 70 watts at 28 Mc. to 400 watts at 14 Mr. 
and lower. The larger mica capacitors (CM-45 
case) having voltage ratings of 12M and 2500 
volts are usually satisfactory for inputs varying 
from about 350 watts at 28 Mc. to 1 kw. at 14 Mc. 
and lower. Because of these current limitations, Fig. 6- 15— Reactance of loading capacitor, C.!, as a 
particularly at the higher frequencies, it is ad- function of tube load resistance, RI, for pi networks. 
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PI-NETWORK DESIGN CHARTS FOR FEED-
ING 52- OR 72-OHM COAXIAL TRANS-
MISSION LINES 
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Fig. 6- 13— Reactance of input capacitor, CI, as a function 
of tube load resistance, /21, for pi networks. RI equals plate 

voltage divided by twice plate current ( amperes). 
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Fig. 6- 14— Reactance of tank coil, L1, as a function of load 
resistance. RI, for pi networks. 
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6 — HIGH-FREQUENCY TRANSMITTERS 

Fig. 6-16—Multiband tuner circuits. In the unbalanced 
circuit of A, CI and C2 ore sections of a single split-stator 
capacitor. In the balanced circuit of D, the two split-stator 
capacitors are ganged to a single control with an insulated 
shaft coupling between the two. In D, the two sections of 

are wound on the same form, with the inner ends con-
nected to C2. In A, each section of the capacitor should 
have a voltage rating the same as Fig. 6-33A. In D, CI 
should have a rating the same as Fig. 6-33H (or Fig. 6-33E 
if the feed system corresponds). C2 may have the rating of 
Fig. 6-33E so long as the rotor is not grounded or bypassed 

to ground. 

visable to use as large an air capacitor as prac-
ticable, using the micas only at the lower frequen-
cies. Broadcast-receiver replacement-type capaci-
tors can be obtained very reasonably. They are 
available in triple units totaling al out 1100 gf., 
or dual units totaling about 900 milf. Their insu-
lation should be sufficient for inputs of 500 watts 
or more. Air capacitors have the additional ad-
vantage that they are seldom permanently dam-
aged by a voltage break-down. 

Neutralizing with Pi Network 

Screen-grid amplifiers using a pi-network out-
put circuit may be neutralized by the system 
shown in Figs. 6-23B and C. 

• MULTIBAND TANK CIRCUITS 

Multiband tank circuits provide a convenient 
means of covering several bands without the need 
for changing coils. Tuners of this type con-
sist essentially of two tank circuits, tuned 
simultaneously with a single control. In a 
tuner designed to cover 80 through 10 meters, 
each eireuit has a sufficiently large capacitance 
variation to assure an approximately 2-to-1 
frequency range. Thus, one circuit is designed 
so that it covers 3.5 through 7.3 Mc., while 
the other covers 14 through 29.7 Mc. 
A single-ended, or unbalanced, circuit of 

this type is shown in Fig. 6-16A. In principle, 
the reactance of the high-frequency coil, L2, 
is small enough at the lower frequencies so that 
it can be largely neglected, and C1 and C2 are 
in parallel across Li. Then the circuit for low 
frequencies becomes that shown in Fig. 6-16B. 

(C) (D) 

At the high frequencies, the reactance of L1 is 
high, so that it may be considered simply as 
a choke shunting C1. The high-frequency circuit 
is essentially that of Fig. 6-16C, L2 being tuned 
by C1 and C2 in series. 

In practice, the effect of one circuit on the 
other cannot be neglected entirely. L2 tends to 
increase the effective capacitance of C2, while 
L1 tends to decrease the effective capacitance of 
C1. This effect, however, is relatively small. 
Each circuit must cover somewhat more than a 
2-to-1 frequency range to permit staggering the 
two ranges sufficiently to avoid simultaneous 
responses to a frequency in the low-frequency 
range, and one of its harmonics lying in the range 
of the high-frequency circuit. 

In any circuit covering a frequency range as 
great as 2 to 1 by capacitance alone, the circuit 
Q must vary rather widely. If the circuit is de-
signed for a Q of 12 at 80, the Q will be 6 at 40, 
24 at 20, 18 at 15, and 12 at 10 meters. The in-
crease in tank current as a result of the increase 
in Q toward the low-frequency end of the high-
frequency range may make it necessary to design 
the high-frequency coil with care to minimize 
loss in this portion of the tuning range. It is 
generally found desirable to provide separate 
output coupling coils for each circuit. 

Fig. 6-16D shows a similar tank for balanced 
circuits. The same principles apply. 

Series or parallel feed may be used with either 
balanced or unbalanced circuits. In the balanced 
circuit of Fig. 6-16D, the series feed point would 
be at the center of LI, with an r.f. choke in 
series. 

(For further discussion see QST, July, 1954.) 

R.F. Amplifier-Tube Operating Conditions 

In addition to proper tank and output-cou-
pling circuits discussed in the preceding sections, 
an r.f. amplifier must be provided with suitable 
electrode voltages and an r.f. driving or excita-
tion voltage (see vacuum-tube chapter). 

All r. f. amplifier tubes require a voltage to 
operate the filament or heater (a.c. is usually 
permissible), and a positive voltage between 
the plate and filament or cathode (plate voltage). 
Most tubes also require a negative d.c. voltage 
(biasing voltage) between control grid (Grid 
No. 1) and filament or cathode. Screen-grid 

tubes require in addition a positive voltage 
(screen voltage or Grid No. 2 voltage) between 
screen and filament or cathode. 

Biasing and plate voltages may be fed to the 
tube either in series with or in parallel with the 
associated r.f. tank circuit as discussed in the 
chapter on electrical laws and circuits. 

It is important to remember that true plate, 
screen or biasing voltage is the voltage between 
the particular electrode and filament or cathode. 
Only when the cathode is directly grounded to 
the chassis may the electrode-to-chassis voltage 
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Transmitting-Tube Ratings 

be taken as the true voltage. 
The required r.f. driving voltage is applied 

between grid and cathode. 

Power Input and Plate Dissipation 

Plate power input is the d.c. power input to 
the plate circuit (d.c. plate voltage X d.c. plate 
current. Screen power input likewise is the d.c. 
screen voltage X the d.c. screen current. 

Plate dissipation is the difference between the 
r.f. power delivered by the tube to its loaded 
plate tank circuit and the (I.e. plate power input. 
l'he screen, on the other hand, does not deliver 
any output power, and therefore its dissipation 
is the same as the screen power input. 

• TRANSMITTING-TUBE RATINGS 
Tube manufacturers specify the maximum 

values that should be applied to the tubes they 
produce. They also publish sets of typical oper-
ating values that should result in good effieiency 
and normal tube life. 
Maximum values for all of the most popular 

transmitting tubes will be found in the tables of 
transmitting tubes in the last chapter. Also in-
cluded are as many sets of typical operating 
values as space permits. However, it is recom-
mended that the amateur secure a transmitting-
tube manual from the manufacturer of the tube 
or tubes he plans to use. 

CCS and WAS Ratings 

The same transmitting tube may have different 
ratings depending upon the manner in which the 
tube is to be operated, and the service in which 
it is to be used. These different ratings are based 
primarily upon the heat that the tube can safely 
dissipate. Some types of operation, such as with 
grid or screen modulation, are less efficient than 
others, meaning that the tube must dissipate 
more heat. Other types of operation, such as c.w. 
or single-sideband phone are intermittent in 
nature, resulting in less average heating than in 
other modes where there is a continuous power 
input to the tube during transmissions. There are 
also different ratings for tubes used in transmit-
ters that are in almost constant use (CCS — 
Continuous Commercial Service), and for tubes 
that are to be used in transmitters that average 
only a few hours of daily operation (ICAS — 
Intermittent Commercial and Amateur Service). 
The latter are the ratings used by amateurs who 
wish to obtain maximum output with reasonable 
tube life. 

Maximum Ratings 

Maximum ratings, where they differ from the 
values given under typical operating values, are 
not normally of significance to the amateur ex-
cept in special applications. No single maximum 
value should be used unless all other ratings can 
simultaneously be held within the maximum 
values. As an example, a tube may have a max-
imum plate-voltage rating of 2000, a maximum 

plate-current rating of 300 ma., and a maximum 
plate-power-input rating of 400 watts. There-
fore, if the maximum plate voltage of 2000 is 
used, the plate current should be limited to 
200 ma. (instead of 300 ma.) to stay within the 
maximum power-input rating of 400 watts. 

• SOURCES OF ELECTRODE 
VOLTAGES 

Filament or Heater Voltage 

The filament voltage for the indirectly heated 
cathode-type tubes found in low-power classifi-
cations may vary 10 per cent above or below 
rating without seriously reducing the life of the 
tube. But the voltage of the higher-power fila-
ment-type tubes should be held closely between 
the rated voltage as a minimum and 5 per cent 
above rating as a maximum. Make sure that the 
plate power drawn from the power line does not 
cause a drop in filament voltage below the proper 
value when plate power is applied. 

Thoriated-type filaments lose emission when 
the tube is overloaded appreeia 10y. If the over-
load has not been too prolonged. emission some-
times may be restored by opera t ing the filament 
at rated voltage with all other voltages removed 
for a period of 10 minutes, or at 20 per cent above 
rated voltage for a few minutes. 

Plate Voltage 

D.c. plate voltage for the operation of r.f. 
amrlifiers is most often obtained from a trans-
former-rectifier-filter system (see power-supply 
chapter) designed to deliver the required plate 
voltage at the required current. However, bat-
teries or other d.c.-generating devices are some-
times used in certain types of operation (see 
portable-mobile chapter). 

Bias and Tube Protection 

Several methods of obtaining bias are shown 
in Fig. 6-17. In A, bias is obtained by the voltage 
drop across a resiste: in the grid d.c. return 
circuit when rectified grid current flows. The 
proper value of resistance may be determined by 
dividing the required biasing voltage by the d.c. 
grid current at which the tube will be operated. 
Then, so long as the r.f. driving voltage is ad-
justed so that the d.c. grid current is the recom-
mended value, the biasing voltage will be the 
proper value. The tube is biased only when ex-
citation is applied, since the voltage drop across 
the resistor depends upon grid-current flow. 
When excitation is removed, the bias falls to 
zero. At zero bias most tubes draw power far in 
excess of the plate-dissipation rating. So it is 
advisable to make provision for protecting the 
tube when excitation fails by accident, or by 
intent as it does when a preceding stage in a c.w. 
transmitter is keyed. 

If the maximum c.w. ratings shown in the tube 
tables are to be used, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off com-
pletely but only to the point where the rated 
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6 - HIGH-FREQUENCY TRANSMITTERS 
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Fig. 6- 17—Various systems for obtaining protective and operating bias for r.f. amplifiers. A—Grid-leak. B—Battery. 
C—Combination battery and grid leak. D—Grid leak and adjusted-voltage bias pack. E—Combination grid leak and 

voltage-regulated pack. F—Cathode bias. 

dissipation is not exceeded. In this case plate-
modulated phone ratings should be used for e.w. 
ceperation, however. 

With triodes this protection can be supplied 
by obtaining all bias from a source of fixed volt-
:1:w, as shown in Fig. 6-17B. It is preferable, 
however, to use only sufficient fixed bias to pro-
teed the tube and obtain the balance needed for 
operat ilig bias from a grid leak, as in C. The grid-
leak re sistanee is calculated as above, except that 
t he fixed voltage is subtracted first.. 

Fixed bias may be obtained from dry batteries 
or from :t power pack (sree I)Omer-supply ehapter). 
If dry batteries are used, they should be checked 
periodically, since even though they may show 
normal voltage, they eventually develop a high 
internal resistanee. Grid-current flow through 
this battery resistance may increase the bias con-
siderably above t hat ant ieipated. The life of bat-
teries ill bias service will be approximately the 
sanie as though they were subject to a drain 
eelual to t.he grid current, despite the fact that the 
grid-current flow is in si vile IIIireet ion as to charge 
I he battery, rather than to diseharge it. 

In Fig. 6-17F, bias is obtained from the volt-
age drop across a resistor in the rat hode (or 
filament center-tap) lead. Proteictive bias is ob-
tained by the voltage drop across R5 IS a result. 
of plate (and screen) current flow. Since plate 
current must flow t o obtain a voltage drop across 
t he reisist or, it is obvieetts that cut-off protective 
bias cannot lee obtained. When excitation is ap-

plied, plate (and screen) current increases and the 
grid current also contributes to the drop across 
115, thereby increasing the bias to the operat ml g 
value. Since the voltage bet ween plate and 
eat hodei is reduced by the amount of the voltage 
drop across 115, the over-all supply voltage must 
be the sum of the plate and eqeerating-Idas volt-
ages. For this reason, the use of cathode bias 
usually is limited to low-voltage tubes when the 
extra voltage is not difficult to obtain. 
The resistance of the cathode biasing resistor 

R5 should be adjusted to the value which will give 
the correct operating bias voltage with rated 
grid, plate and screen currents flowing with the 
amplifier loaded to rated input. When excitation 
is removed, the input to most types of tubes will 
fall to a value that will prevent damage to the 
tube, at least for the period of time required to 
remove plate voltage. A disadvantage of this bias-
ing system is that the cathode r.f, connection to 
ground depends upon a bypass eapaeitor. From 
the consideration of v.h.f. harmonics and sta-
bility with high-perveance tubes, it is preferable 
to make the cathode-to-ground impedance as 
close to zero as possible. 

Screen Voltage 

For re.w. operation, and under certain cumuli-
tions of phone operation (see : emplitude-modula-
tion chapter), the semen may be operated from 
a power supply of the same type used for plate 
supply, except that voltage and current ratings 
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Bias and Tube Protection 

should be appropriate for screen requirements. 
The screen may also be operated through a 
series resistor or voltage-divider from a source of 
higher voltage, such as the plate-voltage supply, 
thus making a separate supply for the screen 
unnecessary. Certain precautions are necessary, 
depending upon the method used. 
1 t. should be kept in mind that screen current 

varies widely with both excitation and loading. 
the screen is operated from a fixed-voltage 
rue, t he tube should never be operated without 

i,1:tte voltage and load, otherwise the screen may 
bc damaged within a short time. Supplying the 
screen through a series dropping resistor from a 
higher-voltage source, such as the plate supply, 
affords a measure of protection, since the re-
sistor causes the screen voltage to drop as the 
current increases, thereby limiting the power 
drawn by the screen. However, with a resistor, 
the screen voltage may vary considerably with 
excitation, making it necessary to check the 
voltage at the screen terminal under actual 
operating conditions to make sure that the screen 
voltage is normal. Reducing excitation will cause 
t lie screen current to drop, increasing the voltage; 
increasing excitation will have the opposite 
eft-vet. These changes are in addition to those 
caused by changes in bias and plate loading, so 

:t screen-grid tube is operated from a series 
resistor or a voltage divider, its voltage should be 
checked as one of the final adjustments after 
excitation and loading have been set. 
An approximate value for the screen-voltage 

dropping resistor may be obtained by dividing 
the voltage drop required from the supply volt-
age (difference between the supply voltage and 
rai ed screen voltage) by the rated screen current 
ir) decimal parts of an ampere. Some further 
adjustment may be necessary, as mentioned 
al,' ivy, so an adjustable resistor with a total re-
sistance above that calculated should be provided. 

Protecting Screen-Grid Tubes 

Screen-grid tubes cannot be eut off with bias 
unless the screen is operated from a fixed-voltage 
supply. In this case the cut-off bias is approxi-
mately the screen voltage divided by the amplifi-
cation factor of the screen. This figure is not 
always shown in tube-data sheets, but cut-off 
voltage may be determined from an inspection 
of tube curves, or by experiment. 
When the screen is supplied from a series 

dropping resistor, the tube can be protected by 
the use of a damper tube, as shown in Fig. 6-18. 
The grid-leak bias of the amplifier tube with 
excitation is supplied also to the grid of the 
damper tube. This is usually sufficient to cut off 
the damper tube. However, when excitation is 
removed, the elamper-tube bias falls to zero and 
it draws enough current through the screen drop-
ping resistor usually to limit the input to the 
amplifier to a safe value. If complete screen-
voltage cut-off is desired, a VII tube may be 
inserted in the screen lead as shown. The VII-
tube voltage rating should be high enough so 
that it will extinguish when excitation is removed. 

TO AMP. 
GRID 

;,MP 

LEK 
GRID SCREEN 

RESISTOR 

63V 4.5G 

Fig. 6- 18— Screen damper circuit for protecting screen-
grid power tubes. The VR tube is needed only for complete 

cut-off. 

• FEEDING EXCITATION 
TO THE GRID 

The required r.f. driving voltage is supplied 
by an oscillator generating a voltage at the de-
sired frequency, either directly or through inter-
mediate amplifiers or frequency multipliers. 

As explained in the chapter on vacuum-tube 
fundamentals, the grid of an amplifier operating 
under Class C conditions must have an exciting 
voltage whose peak value exceeds the negative 
biasing voltage over a portion of the excitation 
cycle. During this portion of the cycle, current 
will flow in the grid-cathode circuit as it does in 
a diode circuit when the plate of the diode is 
positive in respect to the cathode. This requires 
that the r.f. driver supply power. The power re-
quired to develop the required peak driving 
voltage across the grid-cathode impedanee of 
the amplifier is the r.f. driving power. 
The tube tables give : q)proximate figures for 

the grid driving power required for each tulm 
under various operating eonditions. These fig-
ures, however, do not include circuit losses. In 
general, the driver stage for any Class C ampli-
fier should be c:Lpalde of supplying at least three 
tunes the driving power shown for typical oper-
ating conditions at frequencies up to 30 Me., 
and from three to ten times at higher frequencies. 

Since the d.e. grid current relative to the 
biasing voltage is related to the peak driving 
voltage, the d.c. grid current is commonly used 
as a convenient indicator of driving conditions. 
A driver adjustment that results in rated d.e. 
grid current when the d.e. bias is at its rated 
value, indicates proper excitation to the amplifier 
when it is fully loaded. 

In coupling the grid input circuit of an ampli-
fier to the output circuit of a driving stage the 
objective is to load the driver plate circuit so that 
the desired amplifier grid excitation is obtained 
without exceeding the plate-input ratings of the 
driver tube. 

Driving Impedance 
The grid-current flow that results when the 

grid is driven positive in respect to the cathode 
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6- HIGH-FREQUENCY TRANSMITTERS 
DRIVER 

C3 

o 
HV - BIAS 

CI, Ca, Li, La—See corresponding components in Fig. 6-10. 
Ca—Amplifier grid tank capacitor—see text and Fig. 6-20 for capacitance, Fig. 6-34 for voltage rating. 
C4-0.-001-0. disk ceramic. 
La—To resonate at operating frequency with C2. See LC chart inductance formula in electrical-laws chapter, or use 

ARRL Lightning Calculator. 
14—Reactance equal to line impedance—see reactance chart and inductance formula in electrical-laws chapter, or use 

ARRL Lightning Caku!ator. 
R is used to simulate grid impedance of the amplifier when a low-power s.w.r. indicator, such as a resistance bridge, 

is used. See formula in text for calculating value. Standing-wave indicator SWR is inserted only while line is made flat. 

SWR 

AMP 

Fig. 6- 19—Coupling excitation 
to the grid of an r.f. power 
amplifier by means of a low-

impedance coaxial line. 

over a portion of the excitation cycle represents 
an average resistance across which the exciting 
voltage must be developed by the driver. In other 
words, this is the load resistance into which the 
driver plate circuit must be coupled. The approxi-
mate grid input resistance is given by: 

Input impedance (ohms) 
driving power (watts)  

X 622 X 103 
d.c. grid current (ma.)2 

For normal operation, the driving power and grid 
current may be taken from the tube tables. 

Since the grid input resistance is a matter of a 
few thousand ohms, an impedance step-down is 
necessary if the grid is to be fed from a low-
impedance transmission line. This can be done 
by the use of a tank as an impedance-transform-
ing device in the grid circuit of the amplifier as 
shown in Fig. 6-19. This coupling system may be 
considered either as simply a means of obtaining 
mutual inductance between the two tank coils, 
or as a low-impedance transmission line. If the 
line is longer than a small fraction of a wave 
length, and if a s.w.r. bridge is available, the line 
is more easily handled by adjusting it as a 
matched transmission line. 

Inductive Link Coupling with Flat Line 

In adjusting this type of line, the object is to 
make the s.w.r. on the line as low as possible 
over as wide a band of frequencies as possible so 
that power can be transferred over tisis range 
without retuning. It is assumed that the output 
coupling considerations discussed earlier have 
been observed in connection with the driver plate 
circuit. So far as the amplifier grid circuit is 
concerned, the controlling factors are the Q of 
the tuned grid circuit, L2C2, (see Fig. 6-20) the 
inductance of the coupling coil, L4, and the de-
gree of coupling between L2 and L4. Variable 
coupling between the coils is convenient, but not 
strictly necessary if one or both of the other 
factors can be varied. An s.w.r. indicator (shown 
as " SWR" in the drawing) is essential. An indi-
cator such as the " Micromatch" (a commercially 
available instrument) may be connected as shown 
and the adjustments made under actual operating 

conditions; that is, with full power applied to 
the amplifier grid. 

Assuming that the coupling is adjustable, 
start with a trial position of L4 with respect to 
L2, and adjust C2 for the lowest s.w.r. Then 
change the coupling slightly and repeat. Con-
tinue until the s.w.r. is as low as possible; if the 
circuit constants are in the right region it should 
not be difficult to get the s.w.r. down to 1 to 1. 
The Q of the tuned grid circuit should be de-
signed to be at least 10, and if it is not possible 
t o get a very low s.w.r. with such a grid circuit 
the probable reason is that L4 is too small. 
Maximum coup ing, for a given degree of physi-

DRIVING POWER (WATTS)  
D.C. GRID CURRENT (44.)2 

Fig. 6-20—Chart showing required grid tank capacitance 
for a O of 12. To use, divide the driving power in watts 
by the square of the d.c. grid current in milliamperes and 
proceed as described under Fig. 6-9. Driving power and 
grid current may be taken from the tube tables. When a 
split-stator capacitor is used in a balanced grid circuit, the 

capacitance of each section may be half that shown. 
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Interstage Coupling 

cal coupling, will occur when the inductance of 
is such that its reactance at the operating fre-

quency is equal to the characteristic impedance 
of the link line. The reactance eau be calculated 
as described in the (.1 la pt,1 .r on electrical funda-
mentals if the inductance is known; the induct-
ance can either be calculated from the formula in 
the saine chapter or measured as described in the 
chapter oil meastwemeilts. 
Once the s.w.r. has been brought down to 1 to 

1, the frequency should be shifted over the band 
so that the variation in s.w.r. can be observed, 
without changing C2 or the coupling between L2 
and L4. If the s.w.r. rises rapidly on either side of 
the original frequency the circuit call be made 
"flatter" by reducing the Q of the tuned grid cir-
cuit. This may be done by decreasing C2 and cor-
respondingly increasing L2 to maintain reso-
nance, and by tightening the coupling bet WPell L2 
and L4, going t hrough t he same adjust ment 
proeess again. It is possible to set up the system 
so that the 8. w. t'. will not exceed 1.5 to 1 over, for 
example, the entire 7-1e. bainl and proportion-
ately on ol her bands. Under these eireumstances 
a single set titig will serve for work anywhere in 
the liand, with essentially constant power trans-
fer from the line to the power-amphlier grids. 

If the eoupling bet ween /.2 and L4 is not ad-
justable tlie same result may be securcg I by vary-
ing the I, r ratio of the tuned grid circuit that 
is, by mirying its Q. If any difficulty is (41(.01111-
tered it ran be overcome by changing the number 
of turns in L4 until a match is secured. The two 
coils should be tightly coupled. 
When a resistance-bridge type s.w.r. indicator 

(see measuring-equipment section) is used it is 
not possible to put the full power through the 
line when making adjustments. In such ease the 
operating conditions in the amplifier grid circuit 
can be simulated by using a carbon resistor ( AI or 
1 watt size) of the saine value as the calculated 
amplifier grid impedance, conneeted : is indh•ated 
by the arrows in Fig. 6-19. In this ease the ampli-
fier tube mast be operated " cold" — wit bout 
filament or heater power. The adjustment process 
is the same as described above, but with the 
driver power reduced to a value suitable for 
operating the s.w.r. bridge. 
When the grid coupling system has been ad-

justed so that the s.w.r. is close to 1 to 1 over the 
desired frequeney range, it is cert aim that the 
power put into the link line will be delivered to 
the grid circuit. Coupling will be facilitated if the 
line is tuned as described under the earlier section 
on output coupling systems. 

Link Feed with Unmatched Line 

When the system is to be treated without re-
gard to transmission-line effects, the link line 
must not offer appreciable reactance at the 
operating frequency. Any appreciable reactance 
will in effect reduce the coupling, making it im-
possible to transfer sufficient power from the 
driver to the amplifier grid circuit. Coaxial cables 
especially have considerable capacitance for even 
short lengths and it may be more desirable to 

use a spaced line, such as Twin-Lead, if the 
radiation can be tolerated. 
The reactance of the line can be nullified only 

by making the link resonant. This may require 
changing the number of turns in the link coils, 
the length of the line, or the insertion of a tuning 
capacitance. Since the s.w.r. on the link line 
may be quite high, the line losses increase be-
cause of the greater current, the voltage increase 
may be sufficient to cause a breakdown in the 
ins;dat ion of the cable and the added tuned circuit 
makes adjustment more critical with relatively 
small changes in frequency. 

These troubles may not be encountered if the 
link line is kept very' short for the highest fre-
quency. A length of 5 feet or more may be tol-
erable at 3.5 Mc., but a length of a foot at 28 Mc. 
may be enough to ruffle serious effects on the 
functioning of the system. 

Adjusting the coupling in such a system must 
necessarily be largely a matter of cut and try. 
If the line is short enough so as to have negligible 
reactance, the coupling between the two tank 
circuits will increase within limit s by adding turns 
to the link coils, or by coupling the link coils 
more tightly, if possible, to the tank coils. If it is 
impossible to change pill ter of t iiese, a variable 
capacitor of 300 µµf. many be connected in series 
with or in parallel with the link coil at the driver 
end of the line, depending upon which connection 
is the most effective. 

If coaxial line is used, the capacitor should be 
connected hi series with the inner conductor. If 
the line is long enough to have appreciable 
reactance, the variable capacitor is used to reso-
nate the entire link circuit. 
As mentioned previously, the size of the link 

coils and the length of the line, as well as the size 
of the capacitor, will affect the resonant frequency 
and it may take an adjustment of all three before 
the :•apacitor will show a pronounced effect on 
the coupling. 
When the system has been made resonant, 

coupling may be adjusted by varying the link 
capacitor. 

Simple Capacitive Interstage Coupling 

The capacitive system of Fig. 6-21A is the 
simplest of all coupling systems. (See Fig. 6-8 
for filament-type tubes.) In this circuit, the plate 
tank circuit of the driver, GILL, serves also as 
the grid tank of the amplifier. Although it is used 
more frequently than any other system, it is 
less flexible and has certain limitations that must 
be taken into consideration. 
The two stages cannot be separated physically 

any appreciable distance without involving loss 
in transferred power, radiation from the cou-
pling lead and the danger of feedback from this 
lead. Since both the output capacitance of the 
driver tube and the input capacitance of the 
amplifier are across the single circuit, it is some-
times difficult to obtain a tank circuit with a 
sufficiently low Q to provide an efficient circuit 
at the higher frequencies. The coupling can be 
varied by altering the capacitance of the coupling 
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DRIVER 

G.MP 
DRIVER 

AMP 

-BIAS+ HIS 

CI—Driver plate tank capacitor—see text and Fig. 6-9 for capacitance, Fig. 6-33 for voltage rating. 
C2—Coupling capacitor-50 to 150 1.a.a. mica, as necessary for desired coupling. Voltage rating sum of driver plate 

and amplifier biasing voltages, plus safety factor. 
Cs— Driver plate bypass capacitor-0.001-0. disk ceramic or mica. Voltage rating same as plate voltage. 

C4—Grid bypass-0.001-µf. disk ceramic. 
C5—Heater bypass-0.001-0. disk ceramic. 
Cs—Driver plate blocking capacitor-0.001-µf. disk ceramic or mica. Voltage rating some as C2. 
C7—Pi-section input capacitor—see text referring to Fig. 6-12 for capacitance. Voltage rating—see Fig. 6-33A. 
Cs—Pi-section output capacitor- 100-µµf. mica. Voltage rating same as driver plate voltage plus safety factor. 
Li—To resonate at operating frequency with CI. See LC chart and inductance formula in electrical-laws chapter, or 

use ARRL Lightning Calculator. 
Is— Pi-section inductor—See Fig. 6-12. Approx. some as Li. 

RFC, —Grid r.f. choke-2.5-mh. 
RFC2—Driver plate r.f. choke- 2.5 mh. 

eapacit or, C2. The driver load impedance is the 
sum of the amplifier grid resistance and the 
reactance of the coupling capacitor in series, the 
coupling capacitor serving simply as a series 
reactor. The driver load resistance increases with 
a decmase in the caparitanee of the coupling 

capacitor. 
When the amplifier grid impedance is lower 

than the optimum load resistance for the driver, 
a transforming action is possible by tapping the 
grid down on the tank coil, but this is not recom-
mended because it invariably causes an increase 
in v.h.f. harmonics and sometimes sets up a 
parasitic circuit. 

So far as coupling is concerned, the Q of the 
circuit is of little significance. However, the 
other considerations discussed earlier in con-
nection with tank-circuit Q should be observed. 

Fig. 6-21—Capacitive-coupled amplifiers. 
A—Simple capacitive coupling. B—Pi-section 

coupling. 

Pi-Network Interstage Coupling 

A pi-section taiik circuit, as shown in Fig. 
6-21B, may be used as a coupling device between 
screen-grid amplifier stages. The circuit is aetu-
ally a capacitive coupling arrangement with the 
grid of the amplifier tapped ( limn on the circuit 
by means of a capacitive divi,ler. In contrast 
to the tapped-coil method mentioned previously, 
this system will be very effective in reducing 

v.h.f. harmonics, lieeause the output capacitor, 
C8, provides a direct capacitive shunt for har-
monies across the amplifier grid circuit. 
To be most effective in reducing v.h.f. har-

monics. C8 should be a mica capacitor connected 
directly across the tube-socket terminals. Tap-
ping down on the circuit in this manner also 
helps to stabilize the amplifier at the operating 
frequency because of the grid-circuit loading 
provided by C8. For the purposes both of sta-
bility and harmonic reduction, experience has 
shown that a value of 100 etpf for C8 usually is 
sufficient. In general, C7 and L2 should have 
values approximating the capacitance and in-
ductance used in a conventional tank circuit. 
A reduction in the inductance of L2 results in an 
increase in muffling because C2 must be in-
creased to retune the circuit to resonance. This 
changes the ratio of C7 to Cs and has the effect of 
moving the grid tap up on the circuit. Since the 
coupling to the grid is comparatively loose under 
any condition, it may be found that it is impos-
sible to utilize the full power capability of the 
driver stage. If sufficient excitation cannot be ob-
tained. it may be necessary to raise the plate volt-
age of t he driver, if this is permissible. Otherwise 
a larger driver tube may be required. As shown in 
Fig. 6-21B, parallel driver plate feed and ampli-
fier grid feed are necessary. 
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• STABILIZING AMPLIFIERS 
External Coupling 

A straight amplifier operates with its input and 
output circuits tuned to the same frequency. 
Therefore, unless the coupling between these two 
circuits is brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate tuned-grid 
circuit. Care should be used in arranging com-
ponents and wiring of the two circuits so that 
there will be negligible opportunity for coupling 
external to the tube itself. Complete shielding be-
tween input and output circuits usually is re-
quired. All r.f. leads should be kept as short as 
possible and particular attention should be paid 
to the r.f. return paths from plate and grid tank 
circuits to cathode. In general, the best arrange-
ment is one in which the cathode (or filament cen-
ter tap) connection to ground, and the plate tank 
circuit are on the same side of the chassis or other 
shielding. Then the "hot" lead from the grid 
tank (or driver plate tank) should be brought to 
the socket through a hole in the shielding. Then 
when the grid tank capacitor or bypass is 
grounded, a return path through the hole to 
cathode will be encouraged, since transmission-
line characteristics are simulated. 

A check on external coupling between in-
put and output circuits can be made with a 
sensitive indicating device, such as the one dia-
grammed in Fig. 6-22. The amplifier tube is re-
moved from its socket and if the plate terminal is 

KTAL 

INK  04  

E  ci 

I T 8 
Fig. 6-22—Circuit of sensitive neutralizing indicator. 
Xtal is a 1N34 crystal detector, MA a 0-1 direct-current 
milliammeter and C a 0.001-0. mica bypass capacitor. 

at the socket, it should be disconnected. With the 
driver stage running and tuned to resonance, 
the indicator should be coupled to the output 
tank coil and the output tank capacitor tuned 
for any indication of r.f. feedthrough. Experi-
ment with shielding and rearrangement of parts 
will show whether the isolation can be improved. 

Screen. Grid Neutralising Circuits 

The plate-grid capacitance of screen-grid tubes 
is reduced to a fraction of a micromicrofarad by 
the interposed grounded screen. Nevertheless, 
the power sensitivity of these tubes is so great 
that only a very small amount of feedback is 
necessary to start oscillation. To assure a stable 
amplifier, it is usually necessary to load the 
grid circuit, or to use a neutralizing circuit. A 
neutralizing circuit is one external to the tube 
that balances the voltage fed back through the 
grid-plate capacitance, by another voltage of 
opposite phase. 

Fig. 6-23A shows how a screen-grid am-
plifier may be neutralized by the use of an 
inductive link line coupling the input and output 

DRIVER 

Fig. 6-23—Screen-grid neutralizing circuits. A—Inductive 
neutralizing. B—C—Capacitive neutralizing. 

CI—Grid bypass capacitor—approx. 0.001-0. mica. 
Voltage rating same as biasing voltage in B, same 
as driver plate voltage in C. 

C2—Neutralizing capacitor—approx. 2 to 10 //A—see 
text. Voltage rating same as amplifier plate volt-
age for c.w., twice this value for plate modulation. 

11, 12—Neutralizing link—usually a turn or two will be 
sufficient. 

tank circuits in proper phase. The two coils 
must be properly polarized. If the initial connec-
tion proves to be incorrect, connections to one 
of the link coils should be reversed. Neutralizing 
is adjusted by changing the distance between the 
link coils and the tank coils. In the case of ca-
pacitive coupling between stages, one of the link 
coils will be coupled to the plate tank coil of the 
driver stage. 

A capacitive neutralizing system for screen-
grid tubes is shown in Fig. 6-23B. C2 is the 
neutralizing capacitor. The capacitance should 
be chosen so that at some adjustment of C2, 

C2 Tube grid-plate capacitance (or Cgp) 

= Tube input capacitance (or (YIN) 

The tube interelectrode capacitances C„„ and 
('ix are given in the tube tables in the last chapter. 
The grid-cathode capacitance must include all 
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strays directly across the tube capacitance, in-
cluding the capacitance of the tuning-capacitor 
stator to ground. This may amount to 5 to 20 
µed. In the ease of capacitance coupling, as 
shown in Fig. 6-23C, the output capacitance of 
the driver tube must be added to the grid-
cathode capacitance of the amplifier in arriving 
at the value of C2. If C2 works out to an im-
practically large or small value, CI can be changed 
to compensate by using combinations of fixed 
mica capacitors in parallel. 

Neutralizing Adjustment 

The procedure in neutralizing is essentially 
the same for all types of tubes and circuits. 
The filament of the amplifier tube should be 
lighted and excitation from the preceding stage 
fed to the grid circuit. Both screen and plate 
voltages should be disconnected at the trans-
mitter terminals. 
The immediate objective of the neutralizing 

process is reducing to a minimum the r.f. driver 
voltage fed from the input of the amplifier to 
its output circuit through the grid-plate capac-
itance of thr. tube. This is done by adjusting 
carefully, bit by bit, the neutralizing capacitor 
or link coils until an r.f. indicator in the output 
circuit reads minimum. 
The device shown in Fig. 6-22 makes a sensitive 

neutralizing indicator. The link should be coupled 
to the output tank coil at the low-potential or 
"ground" point. Care should be taken to make 
sure that the coupling is loose enough at all 
times to prevent burning out the meter or the 
rectifier. The plate tank capacitor should be 
readjusted for maximum reading after each 
change in neutralizing. 
The grid-current meter may also be used as a 

neutralizing indicator. With plate and screen 
voltages removed as described above, there will 
be a change in grid current as the plate tank 
eirenit is tuned through resonance. The neutral-
izing capacitor should be adjusted until this de-
flection is brought to a minimum. As a final ad-
justment, plate and screen voltages should be 
applied and the neutralizing capacitance adjusted 
to the point where minimum plate current, maxi-
mum grid current and maximum screen current 
occur sinuillaneously. An increase in grid current. 
when the plate tank circuit is tuned slightly on 
the high-frequency side of resonanee indicates 
that the neut ralizing capacitance is too small. If 
1 he increase is on the low-frequeney side, the 
neutralizing capacitance is too large. When neu-
tralization is complete, there should be a slight de-
crease in grid current on either side of resonance. 

Grid Loading 
The use of a neutralizing circuit may often be 

avoided by loading the grid circuit if the driving 
stage has some power capability to spare. Load-
ing by tapping the grid down on the grid tank 
coil (or the plate tank coil of the driver in the 
case of capacitive coupling), or by a resistor from 
grid to cathode is effective in stabilizing an 
amplifier, but either device may increase v.h.f. 

harmonics. The best loading system is the use of 
a pi-section filter, as shown in Fig. 6-21B. This 
circuit places a capacitance directly between grid 
and cathode. This not only provides the desirable 
loading, but also a very effective capacitive short 
for v.h.f. harmonics. A 100-1.4if. mica capacitor 
for Cs, wired directly between tube terminals 
will usually provide sufficient loading to stabilize 

the amplifier. 

V.H.F. Parasitic Oscillation 

Parasitic oscillation in the v.h.f. range will 
take place in almost every r.f. power amplifier. 
To test for v.h.f. parasitic oscillation, the grid 
tank coil (or driver tank coil ill the case of ca-
pacitive coupling) should be short-circuited wit 11 
a clip lead. This is to prevent any possible t.g.t.p. 
oscillation at the operating frequency which 
might lead to confusion in identifying the pant-
sitie. Any fixed bias should be replaced with a 
grid leal: of 10,000 to 20,000 ohms. All load on 
the output of the amplifier should be discon-
nected. Plate and screen voltages should be re-
duced to the point where the rated dissipation is 
not exceeded. If a Variac is not available. voltage 
may be reduced by a 115-volt lamp in series wit h 
the primary of the plate transformer. 
With power applied only to the amplifier under 

test, a search should be made by adjusting the 
input capacit or to several settings, including 
minimum and maximum, and turning the plate 
capacitor through its range for each of the grid-
capacitor settings. Any grid current, or any dip 
or flicker in plate current at any point, indi-
cates oscillation. This can be confirmo I 1)y an indi-
cating absorption wavemeter tuned the fre-
quency of the parasitic and held close to the 

plate lead of the tube. 
The heavy lines of Fig. 6-24A show the usual 

parasitic tank circuit, which resonates, in most. 
cases, between 150 and 200 NI e. For each type of 
tetrode, there is a region, usually below the para-
side frequency, in which the tube will be self-
neutralized. By adding the right amount of in-
ductance to the parasit it circuit, its resonant 
frequency can be brought , hiwn to the frequency 

(C) 
Fig. 6-24—A—Usual parasitic circuit. B—Resistive loading 
of parasitic circuit. C—Inductive coupling of loading 

resistance into parasitic circuit. 
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at which the tube is self-neutralized. However, 
the resonant frequency should not be brought 
down so low that it falls close to TV Channel 6 
(88 Mc.). From the consideration of TVI, the cir-
cuit may be loaded down to a frequency not lower 
than 100 Mc. If the self-neutralizing frequency 
is below 100 Mc., the circuit should be loaded 
down to somewhere between 100 and 120 Mc. wit h 
inductance. Then the parasitic can be suppressed 
by loading with resistance, as shown in Fig. 6-2413. 
A coil of 4 or 5 turns, 3 inch in diameter, is a good 
starting size. NVith the tank capacitor turned to 
maximum capacitance, the circuit should be 
checked with a g.d.o. to make sure the resonance 
is above 100 Mc. Then, with the shortest. possible 
leads, a noninductive 100-ohm 1-watt resistor 
should be connected across the entire coil. The 
amplifier should be tuned up to its highest-fre-
quency band and operated at low voltage. The 
tap should be moved a little at a time to find the 
minimum number of turns required to suppress 
the parasitic. Then voltage should be increased 
until the resistor begins to feel warm after several 
minutes of operation, and the power input noted. 
This input should be compared with the normal 
input and the power rating of the resistor increased 
by this proportion; i.e., if the power is half normal, 
the wattage rating should be doubled. This in-
crease is best made by connecting 1-watt carbon 
resistors in parallel to give a resultant of about 
100 ohms. As power input is increased, the para-
sitic may start up again, so power should be 

only momentarily until it is made cer-
tain t hat tiii parasitic is still suppressed. If the 
parasitic starts up again when voltage is raised, 
the tap must be moved to include more turns. 
So long as the parasitic is suppressed, the re-
sistors will heat up only from the operating-
frequency current. 

Since the resistor can be placed across only that 
portion of the parasitic circuit represented by Lp, 
the latter should form as large a portion of the 
circuit as possible. Therefore, the tank and by-
pass capacitors should have the lowest possible 
inductance and the leads shown in heavy lines 
should be as short as possible and of the heaviest 
practical conductor. This will permit L, to be of 
maximum size without tuning the circuit below 
the 100-Mc. limit. 

Another arrangement that has been used suc-
cessfully is shown in Fig. 6-24C. A small turn 
or two is inserted in place of L, and this is cou-
pled to a circuit tuned to the parasitic frequency 
and loaded wit h resistance. The heavy-line circuit 
should first he checked with a g.d.o. Then the 
loaded circuit should be tuned to the saine fre-
quency and coupled in to the point where the 
parasitic ceases. The two coils can be wound on 
the saine form and the coupling varied by sliding 
one of them. Slight retuning of the loaded circuit 
may be required after coupling. Start out with 
low power as before, until the parasitic is sup-

pressed. Since the loaded circuit in this case car-
ries much less operating-frequency current, a 
single 100-ohm 1-watt resistor will often be suf-
ficient and a 3t )-aaf. mica trimmer should serve 

as the tuning capacitor. C„. 

Low-Frequency Parasitic Oscillation 

The screening of most transmitting screen-grid 
tubes is sufficient to prevent low-frequency para-
sitic oscillation caused by resonant circuits set up 
by r.f. chokes in grid and plate circuits. Should 
this type of oscillation (usually between 1200 and 
200 kc.) occur, see paragraph under triode am-
plifiers. 

• PARALLEL-TUBE AMPLIFIERS 
The circuits for parallel-tube amplifiers are the 

same as for a single tube, similar terminals of the 
tubes being connected together. The grid imped-
ance of two tubes in parallel is half that of a single 
tube. This means that twice the grid tank capaci-
tance shown in Fig. 6-20 should be used for the 
same Q. 

The plate load resistance is halved so that the 
plate tank capacitance for a single tube (Fig. 
6-10) also should be doubled. The total grid cur-
rent will be doubled, so to maintain the saine grid 
bias, the grid-leak resistance should be half that 
used for a single tube. The required driving 
power is doubled. l'he capacitance of a neutraliz-
ing capacitor, if used, should be doubled and the 
value of the screen dropping resistor should be 
cut in half. 

In treating parasitic oscillation, it may be 
necessary to use a choke in each plate lead, 
rather than one in the common lead. Input and 
output capacitances are doubled, which may be 
a factor in obtaining efficient operation at higher 
frequencies. 

e PUSH-PULL AMPLIFIERS 
Basic push-pull circuits are shown in Fig. 

6-26C and D. Amplifiers using this circuit are 
cumbersome to bandswitch and consequently are 
not very popular below :30 Mc. However, since 
the push-pull configuration places tube input 
and output capacitances in series, the circuit is 
widely used at 50 Me. and higher. 

• TRIODE AMPLIFIERS 
Circuits for triode amplifiers are shown in 

Fig. 6-26. Neglecting references to the screen, 
all of the foregoing information applies equally 
well to triodes. All triode straight amplifiers must 
be neutralized, as Fig. 6-26 indicates. From the 
tube tables, it will be seen that triodes require 
considerably more driving power than screen-
grid tubes. However, they also have less power 
sensitivity, so that greater feedback can be tol-
erated without the danger of instability. 

Low-Frequency Parasitic Oscillation 

When r.f. chokes are used in both grid and 
plate circuits of a triode amplifier, the split-
stator tank capacitors combine with the r.f. 
chokes to form a low-frequency parasitic circuit, 
unless the amplifier circuit is arranged to prevent 
it. In the circuit of Fig. 6-2613, the amplifier grid 
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Fig. 6-25—When a pi- network output circuit is used with 

a triode, a balanced grid circuit must be provided for 
neutralizing. A— Inductive- link input. B— Capacitive input 

coupling. 

INPUT 

-BIAS + 

(C) 

- BIAS + 

i• OUTo PUT 
 o 

RFC 

Eq7 
- NV + 

Fig. 6-26—Triode amplifier circuits. A— Link coupling, single tube. B— Capacitive coupling, single tube. C—Link coupling, 

push-pull. D—Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are mandatory with triodes, the 
circuits are the same as for screen- grid tubes, and should have the same values throughout. The neutralizing capacitor, 
C1, should have a capacitance somewhat greater than the grid- plate capacitance of the tube. Voltage rating should be 

twice the d.c. plate voltage for c.w., or four times for plate modulation, plus safety factor. The resistance R1 should be at 
least 100 ohms and it may consist of part or preferably all of the grid leak. For other component values, see similar 

screen-grid diagrams. 

is series fed and the driver plate is parallel fed. 
For low freywncies, the r. f. choke in the driver 
plate circuit is shorted to ground through the 
tank coil. In Figs. 6-26C and D, a resistor is sub-
stituted for the grid r.f. choke. This resistance 
should be at least 100 ohms. If any grid-leak re-
sistance is used for biasing, it should be substi-
tuted for the 100-ohm resistor. 

Triode Amplifiers with Pi-Network Output 

Pi-net work output tanks, designed as de-
scribed earlier for screen-grid tubes, may also be 
used with triodes. However. in this tase. a bal-
anced input circuit must he provided for neu-
tralizing. Fig. 6-25A shows the circuit At hen 
inductive-link input coupling is used, while It 

shows the circuit ti) be used when the : tmplitier 
is coupled capacitively to the driver. Pi-network 
circuits cannot be used in both input and output 
circuits, since no means is provided for neu-

tralizing. 

e GROUNDED-GRID AMPLIFIERS 
Fig. 6-27A shows the input circuit of it grounded-

grid triode amplifier. In configuration it is similar 
to the conventional grounded-cathode circuit ex-
cept that the grid, instead of the cat huile, is at 
ground potential. An amplifier of this type is 
characterized by a comparatively low input im-
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Grounded-Grid Amplifiers 

—BIAS —BIAS 
(C) 

—BIAS + S G 

Fig. 6- 27—A—Grounded- grid triode input circuit. B—Tetrode input circuit with grid and screen directly in parallel. 
C—Tetrode circuit with d.c. voltage applied to the screen. Plate circuits are conventional. 

pedance and a relatively high driver-power re-
quirement. The additional driver power is not 
consumed in the amplifier but is " fed through" 
to the plate circuit where it combines with the 
normal plate output power. The total r.f. power 
output is the sum of the driver and amplifier out-
put powers less the power normally required to 
drive the tube in a grounded-cathode circuit. 

Positive feedback is from plate to cathode 
through the plate-cathode, or plate-filament, 
capacitance of the tube. Since the grounded grid 
is interposed between the plate and cathode, this 
capacitance is very small, and neutralization 
usually is not necessary. 
A disadvantage of the grounded-grid circuit is 

that the cathode must be isolated for r.f. from 
ground. This presents a practical difficulty, espe-
cially in the case of a filament-type tube whose 
filament current is large. Another disadvantage in 
plate-modulated phone operation is that the 
driver power fed through to the output is not 
modulated. 
The chief application for grounded-grid ampli-

fiers in amateur work at frequencies below 30 Mc. 
is in the case where the available driving power 
far exceeds the power that can be used in driving 
a conventional grounded-cathode amplifier. 

D.c. electrode voltages and currents in 
grounded-grid triode-amplifier operation are the 
same as for grounded-cathode operation. Approxi-
mate values of driving power, driving impedance, 
and total power output in Class C operation can 
he calculated as follows, using information nor-
mally provided in tube data sheets. R.m.s. values 
are of the fundamental components: 

r.m.s. value of r.f, plate voltage 

d.c. plate volts + d.c. bias volts —  peak r.f, grid volts 

1.41 

= r.m.s. value of r.f. plate current 

rated power output watts 

E, 

E. = r.m.s. value of grid driving voltage 

_ peak r.f. grid volts 

1.41 

Ig r.m.s. value of r.f. grid current 

rated driving power watts 

E. 

Then, 

Driving power ( watts) = E0 (Ip + 

Driving impedance (ohms) —  
+ I, 

Power fed through from driver stage (watts) = 

Total power output ( walls) (E. Ep) 

Screen-grid tubes are also used sometimes in 
grounded-grid amplifiers. In some cases, the 
screen is simply connected in parallel with the 
grid, as in Fig. 6-27B, and the tube operates as a 
high-a triode. In other cases, the screen is by-
passed to ground and operated at the usual d.c. 
potential, as shown at C. Since the screen is still 
in parallel with the grid for r.f., operation is very 
much like that of a triode except that the positive 
voltage on the screen reduces driver-power re-
quirements. Since the information usually fur-
nished in tube-data sheets does not apply to 
triode-type operation, operating conditions are 
usually determined experimentally. In general, 
the bias is adjusted to produce maximum output 
(within the tube's dissipation rating) with the 
driving power available. 

Fig. 6-28 shows two methods of coupling a 
grounded-grid amplifier to the 50-ohm output of 
an existing transmitter. At A an L network is 
used, while a conventional link-coupled tank is 
shown at B. The values shown will be approxi-
mately correct for most triode amplifiers oper-
ating at 3.5 Mc. Values should be eut in half each 
time frequency is doubled, i.e., 250 lad. and 7.5 
ah. for 7 Mc., etc. 

Filament Isolation 

Since the filament or cathode of the grounded-
grid amplifier tube operates at some r.f. potential 
above ground, it is necessary to isolate the fila-
ment from the power line. In the ease of low-
power tubes with indirect ly heated cathodes, it is 
sometimes feasible to depend on the small capaci-
tance existing between the heater and cathode, 
although it is preferable to provide additional 
isolation. 

In Fig. 6-29, isolation is provided by a special 
low-capacitance filament transformer. RFC' car-
ries only the cathode current. However, since 
transformers of this type are not generally avail-
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6- HIGH-FREQUENCY TRANSMITTERS 

able, other means must usually be employed. 
In Fig. 6-29B, chokes are used to isolate the 

filament from the filament transformer. The re-
actance of the chokes should be several times the 
input impedance of the amplifier and must be 
wound with conductor of sufficient size to carry 
the filament current. It is usually necessary to use 
a transformer delivering more than the rated 
filament voltage to compensate the voltage drop 
across the chokes. In Fig. ti-'29( r.f. chokes are 
placed in the primary side of the transformer. 
This reduces the current that the chokes must 
handle, but the filament transformer must be 
mounted so that it is spaced from the chassis and 
other grounded metal to minimize the capacitance 
of the transformer to ground. RFC' carries 
cathode current only. 

In the case of the. input circuit of Fig. 6-28B, 
it is sometimes feasible to wind the tank inductor 
with two conductors in parallel, and feed the fila-
ment voltage to the tube through the two con-
ductors, as shown in Fig. 6-291). This arrange-
ment does not lend itself well to bandchanging, 
however. 

• FREQUENCY MULTIPLIERS 
Single-Tube Multiplier 

Output at a multiple of the frequency at 
which it is being driven may be obtained from 
an amplifier stage if the output circuit is tuned 
to a harmonic of the exciting frequency instead 
of to the fundamental. Thus, when the fre-
quency at the grid is 3.5 Mc., output at 7 Mc., 
10.5 Mc., 14 Mc., etc., may be obtained by 
tuning the plate tank circuit to one of these 
frequencies. The circuit otherwise remains the 
same as that for a straight amplifier, although 
some of the values and operating conditions 
may require change for maximum multiplier 

efficiency. 
Efficiency in a single- or parallel-tube multi-

plier comparable with the efficiency obtainable 
when operating the same tube as a straight 
amplifier involves decreasing the operating 
angle in proportion to the increase in the order 
of frequency multiplication. Obtaining output 
comparable with that possible from the same 
tube as a straight amplifier involves greatly 
increasing the plate voltage. A practical limit 
as to efficiency and output within normal tube 

Fig. 6-28 — Two 
methods of cou-
pling a low-imped-
ance driver to a 
grounded-grid in-
put. A—L network. 
B — Link-coupled 

tank circuit. 

Fig. 6-29—Methods of isolating filament from ground. 
A—Special low-capacitance filament transformer. B— 
R.f. chokes in filament circuit. C—R.f. chokes in transformer 
primary. D—Filament fed through input tank inductor. 
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Frequency Multipliers 

ratings is reached when the multiplier is oper-
ated at maximum permissible plate voltage 
and maximum permissible grid current. The 
plate current should be reduced as necessary 
to limit the dissipation to the rated value by 
increasing the bias. High efficiency in multi-
pliers is not often required in practice, since 
the purpose is usually served if the frequency 
multiplication is obtained without an appreci-
able gain in power in the stage. 

Mult iplications of four or five sometimes are 
used to reach the bands above 28 Mc. from a 
lower-frequency crystal, but in the majority of 
lower-frequency transmitters, multiplication 
in a single stage is limited to a factor of two or 
three, because of the rapid decline in practi-
cably obtainable efficiency as the multiplica-
tion factor is increased. Screen-grid tubes make 
the best frequency multipliers because their 
high power-sensitivity makes them easier to 
drive properly than triodes. 

Since the input and output circuits are not 
tuned close to the same frequency, neutraliza-
tion usually will not be required. Instances 
may be encountered with tubes of high trans-
conductance, however, when a doubler will 
oscillate in t.g.t.p. fashion, requiring neutral-
ization. The link neutralizing system of Fig. 
6-23A is convenient in such a contingency. 

Push-Push Multipliers 

A two-tube circuit which works well at even 
harmonics, but not at the fundamental or odd 
harmonics, is shown in Fig. 6-30. It is known as 

-BIAS +HV 

Fig. 6-30—Circuit of a push-push frequency multiplier 
for even harmonics. 

CILT and C21-2—See text. 

Ca—Plate bypass-0.001-0. disk ceramic or mica. Volt-
age rating equal to plate voltage plus safety 
factor. 

RFC-2.5-mh. r.f. choke. 

the push-push circuit. The grids are connected 
in push-pull while the plates are connected in 
parallel. The efficiency of a doubler using this 
circuit may approach that of a straight ampli-
fier, because there is a plate-current pulse for 
each cycle of the output frequency. 

This arrangement has an advantage in some 
applications. If the heater of one tube is turned 
off, its grid-plate capacitance, being the same as 
that of the remaining tube, serves to neutralize 
the circuit. Thus provision is made for either 

straight amplification at the fundamental with 
a single tube, or doubling frequency with two 
tubes as desired. 
The grid tank circuit is tuned to the frequency 

of the driving stage and should have the same 
constants as indicated in Fig. 6-20 for balanced 
grid circuits. The plate tank circuit is tuned 
to an even multiple of the exciting frequency, 
and should have the same values as a straight 
amplifier for the harmonic frequency (see Fig. 
6-10), bearing in mind that the total plate current 
of both tubes determines the C to be used. 

Push-Pull Multiplier 

A single- or parallel-tube multiplier will deliver 
output at either even or odd multiples of the 
exciting frequency. A push-pull multiplier does 
not work satisfactorily at even multiples because 
even harmonics are largely canceled in the out-
put. On the other hand, amplifiers of this type 
work well as triplers or at other odd harmonics. 
The operating requirements are similar to those 
for single-tube multipliers, the plate tank circuit 
being tuned, of course, to the desired odd har-
monic frequency. 

• METERING 
Fig. 6-31 shows how a voltmeter and milliam-

meter should be connected to read various volt-
ages and currents. Voltmeters are seldom in-
stalled permanently, since their principal use is in 
preliminary checking. Also, milliammeters are 
not normally installed permanently in all of the 
positions shown. Those most often used are the 
ones reading grid current and plate current, or 
grid current and cathode current. 

Milliammeters come in various current ranges. 
Current values to be expected can be taken from 
the tube tables and the meter ranges selected 
accordingly. To take care of normal overloads 
and pointer swing, a meter having a current 
range of about twice the normal current to be 
expected should be selected. 

Meter Installation 

Grid-current meters connected as shown in 
Fig. 6-31 and meters connected in the cathode 
circuit need no special precautions in mounting 
on the transmitter panel so far as safety is con-
cerned. However, milliammeters having zero-
adjusting screws on the face of the meter should 

be recessed behind the panel so that accidental 
contact with the adjusting screw is not possible, 
if the meter is connected in any of the other posi-
tions shown in Fig. 6-31. The meter can be 
mounted on a small subpanel attached to the 
front panel with long screws and spacers. The 
meter opening should be covered with glass or 
celluloid. Illuminated meters make reading 
easier. Reference should also be made to the 'FYI 
chapter of this Handbook in regard to wiring and 
shielding of meters to suppress TVI. 

Meter Switching 

Milliammeters are expensive items and there-
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TO FIXED- BIAS 
SOURCE 

GRID 
CURRENT 

TO FIXED- BIAS 
SOURCE 

GRID 
CURRENT 

GRID + 
SCREEN + 
PLATE 
CURRENT 

•-•*/ PLATE 
VOLTAGE 

-Hi. + FIN. 

GRID + 
SCREEN + 
PLATE CURRENT 

PLATE + 
SCREEN 

▪ CURRENT 

(a) 

PLAT E 
CURRENT 

PLATE + 
SCREEN + 
BLEEDER 

• CURRENT 

-UV. + H.V. 

Fig. 6-31—Diagrams showing placement of voltmeter and milliam-
meter to obtain desired meosu ements. A—Series grid feed, parallel 
plate feed and series screen voltage-dropping resistor. B—Parallel 

grid feed, series plate feed and screen voltage divider. 

fore it is seldom feasible to provide even grid-
current and plate-current meters for all stages. 
The exciter stages in a multistage transmitter 
often do not require metering after initial adjust-
ments. It is common practice to provide a meter-
switching system by which a single milliammeter 
may be switched to read currents in as many 
circuits as desired. Such a meter-switching circuit 
is shown in Fig. 6-32. The resistors, R, are con-
nected in the various circuits in place of the 
milliammeters shown in Fig. 6-31. Since the re-
sistance of R is several times the internal resist-
ance of the milliammeter, it will have no prac-
tical effect upon the reading of the meter. 
When the meter must read currents of widely 

differing values, a meter with a range sufficiently 
low to accommodate the lowest values of current 
to be measured may be selected. In the circuits in 
which the current will be above the scale of the 
meter, the resistance of R can be adjusted to a 
lower value which will give the meter reading a 
multiplying factor. (See chapter on Measure-
ments.) Care should be taken to observe proper 
polarity in making the connections between the 
resistors and the switch. 

CKT 

o 

• AMPLIFIER ADJUSTMENT 
Earlier seetions in this chapter llave 

dealt \VII 11 the design and adjustment 
uf input (grid) and output (plate) 
coupling systems, the stabilitization of 
amplifiers, and the methods of obtain-
ing the required electrode voltage. 
Reference to these sections should be 
made as necessary in following a pro-
cedure of amplifier adjustment. 
The objective in the adjustment of 

an intermediate amplifier stage is to 
secure adequate excitation to the fol-
lowing stage. In the case of the output 
or final amplifier, the objective is to 
obtain maximum power output to the 
antenna. In both cases, the adjustment 
must be consistent with the tube rat-
ings as to voltage, current and dissi-
pating ratings. 
Adequate drive to a following ampli-

fier is normally indicated when rated 
grid current in the following stage is 
obtained with the stage operating at 
rated bias, the stage loaded to rated 
plate current, and the driver stage 
tuned to resonance. In a final amplifier, 
maximum output is normally indicated 
when the output coupling is adjusted 
so that the amplifier tube draws rated 
plate current when it is tuned to 
resonance. 

Resonance in the plate circuit is nor-
mally indicated by the dip in plat-
current reading as the plate tank ca-
pacitor is tuned through its range. 
When the stage is unloaded, or lightly 

CKT 2 CKT 3 CKT 4 iCKT 5 
• - • - • A A- •A +A 

o o 

 tt-'VVV-4-

 d. 
Fig. 6-32—Switching a single milliammeter. The resistors, 
R, should be 10 to 20 times the internal resistance of the 
meter; 47 ohms will usually be satisfactory. S1 is a 2. 
section rotary switch. Its insulation should be ceramic for 
high voltages, and an insulating coupling should always be 

used between shaft and control. 
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Amplifier Adjustment 

loaded, this dip in plate 
current will be quite pro-
nounced. As the loading is 
increased, the dip will 
become less noticeable. 
See Fig. 6-4. However, in 
the case of a screen-grid 
tube whose screen is fed 
through a series resistor, 
maximum output may not 
be simultaneous with the 
dip in plate current. The 
mason for this is that the 
screen current varies widely 
as the plate circuit is 
tuned through resonance. 
This variation in screen 
eurrent causes a corre-
sponding variation in the 
voltage drop across the 
screen resistor. In this 
case, maximum output 
may occur at an adjust-
ment that results in an 
optimum combination of 
screen voltage and near-
ness to resonance. This 
effect will seldom be ob-
served when the screen is 
operated from a fixed-
voltage source. 
The first step in the adjustment of an amplifier 

is to stabilize it, both at the operating fre-
quency by neutralizing it if necessary, and at 
parasitic frequencies by introducing suppression 
circuits. 

If" fiat" transmission-line coupling is used, the 
output end of the line should be matched, as de-
scribed in this chapter for the case where the 
amplifier is to feed the grid of a following stage, 
or in the transmission-line section if the amplifier 
is to feed an antenna system. After proper 
match has been obtained, all adjustments in 
coupling should be made at the input end of the 
line. 

Until preliminary adjustments of excitation 
have been made, the amplifier should be operated 
with filament voltage on and fixed bias, if it is 
required, but screen and plate voltages off. With 
the exciter coupled to the amplifier, the coupling 
to the driver should be adjusted until the ampli-
fier draws rated grid current, or somewhat above 
the rated value. Then a load (the antenna grid 
of the following stage, or a dummy load) should 
be coupled to the amplifier. 

NVith screen and plate voltages (preferably re-
duced) applied, the plate tank capacitor should 
be adjusted to resonance as indicated by a dip 
in plate current. Then, with full screen and plate 
voltages applied, the coupling to the load should 
be adjusted until the amplifier draws rated plate 
current. Changing the coupling to the load will 
usually detune the tank circuit, so that it will be 
necessary to readjust for resonance each time a 
change in coupling is made. An amplifier should 
not be operated with its plate circuit off reso-

(D) 

iFIV 

(G) (H) 
111V 

(E) Fig. 6-33—Diagrams showing the 
peak voltage for which the plate 
tank capacitor should be rated for 
c.w. operation with various circuit 
arrangements. E is equal to the d.c. 
plate voltage. The values should be 
doubled for plate modulation. The 
circuit is assumed to be fully 

Rr c loaded. Circuits A, C and E require 
that the tank capacitor be insu-
lated from chassis or ground, and 

from the control. 

nance for any except the briefest necessary time, 
since the plate dissipation increases greatly when 
the plate circuit is not at resonance. Also, a 
screen-grid tube should not be operated without 
normal load for any appreciable length of time, 
since the screen dissipation increases. 

It is normal for the grid current to decrease 
when plate voltage is applied, and to decrease 
again as the amplifier is loaded more heavily. As 
the grid current falls off, the coupling to the 
driver should be increased to maintain the grid 
current at its rated value. 

• COMPONENT RATINGS AND 
INSTALLATION 

Plate Tank- Capacitor Voltage 

In selecting a tank capacitor with a spacing 
between plates sufficient to prevent voltage 
breakdown, the peak r.f. voltage across a tank 
circuit under load, but without modulation, 
may be taken conservatively as equal to the 
d.c. plate voltage. If the d.c. plate voltage also 
appears across the tank capacitor, this must 
be added to the peak r.f. voltage, making the 
total peak voltage twice the d.c. plate voltage. 
If the amplifier is to be plate-modulated, this 
last value must be doubled to make it four 
times the d.c. plate voltage, because both d.c. 
and r.f. voltages double with 100-per-cent 
plate modulation. At the higher plate voltages, 
it is desirable to choose a tank circuit in which 
the d.c. and modulation voltages do not ap-
pear across the tank capacitor, to permit the 

169 



6-HIGH-FREQUENCY TRANSMITTERS 

use of a smaller capacitor with less plate spac-
ing. Fig. 6-33 shows the peak voltage, in terms 
of d.c. plate voltage, to be expected across 
the tank capacitor in various circuit arrange-
ments. These peak-voltage values are given 
assuming that the amplifier is loaded to rated 
plate current. Without load, the peak r.f. volt-
age will run much higher. 
The plate spacing to be used for a given peak 

voltage will tippet), I upon the design of the varia-
ble capacitor, in Ilueming factors being the me-
chanical construction of the unit, the insulation 
used and its placement in respect to intense 
fields, and the capacitor plate shape and degree 
of polish. Capacitttr manufacturers usually rate 
their products in terms of the peak voltage 
between Om I us. Typical plate spacings are shown 
in the Wm\ ing table. 

Typical Tank-Capacitor Plate Spacings 
- -    —   -   

Spacing Peak Spacing Peak Spacing Peak 
(In.) Voltage (In.) l'offizae ( In.) Voltage 

0.015 1000 0.07 3000 0.175 7000 
0.02 1200 0.08 3500 0.25 9000 
0.03 1500 0.125 4500 0.35 11000 
0.05 2000 0.15 6000 0.5 13000 

Plate tank capacitors should be mounted as 
close to the tube as temperature considerations 
will permit to make possible the shortest capaci-
tive path from plate to cathode. Especially at the 
higher frequencies where minimum circuit ea-
pacitanee becomes important, the capacitor 
should be mounted with its stator plates well 
spaced from the chassis or other shielding. In 
circuits where the rotor must be insulated from 
ground, the capacitor should be mounted on 
ceramic insulators of size commensurate with the 
plate voltage involved and — most important of 
all, from the viewpoint of safety to the operator 
— a well-insulated coupling should be used be-
tween the capacitor shaft and the dial. The section 
of the shaft attached to the dial should be well 
grounded. This can be done cotivIjilit ly through 
the use of panel shaft-Itearing I I›. 

Grid Tank Capacitors 

In the circuit of Fig. 6-34, the grid tank ca-
pacitor should have a voltage rating approxi-
mately equal to the biasing voltage plus 20 per 
cent of the plate voltage. In the balanced circuit 
of B, the voltage rating of each section of the 
capacitor should be this same value. 
The grid tank capacitor is preferably mounted 

with shielding between it and the tube socket for 
isolation purposes. It should, however, be 
mounted close to the socket so that a short lead 
can be passed through a hole to the socket. The 
rotor ground lead or bypass lead should be run 
directly to the nearest point on the chassis or 
other shielding. In the circuit of Fig. 6-34A, the 
same insulating precautions mentioned in connec-
tion with the plate tank capacitor should be 
used. 

— BIAS 

(A) 
-BIAS 

Fig. 6-34—The voltage rating of the grid tank capacitor 
in A should be equal to the biasing voltage plus about 20 

per cent of the plate voltage. 

Plate Tank Coils 

The inductance of a manufactured coil usu-
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coil is de-
signed. Therefore in the majority of cases, the 
capacitance shown by Figs. 6-9 and 6-20 will be 
greater than that for which the coil is designed 
and turns must be removed if a Q of 10 or more 
is needed. At 28 Mc., and sometimes 14 Mc., the 
value of capacitance shown by the chart for a 
high plate-voltage/plate-current ratio may be 
lower than that attainable in practice witii the 
comixments available. The design of manufac-
tured coils usually takes this into consideration 
also and it may be found that values of capaci-
tance greater than those shown (if stray capaci-
tance is included) are required to tune these 
coils to the band. 

Manufactured coils are rated according to the 
plate-power input to the tube or tubes when the 
stage is loaded. Since the circulating tank current 
is much greater when the amplifier is unloaded, 
care should be taken to operate the amplifier 
conservatively when unloaded to prevent damage 
to the coil as a result of excessive heating. 
Tank coils should be mounted at least their 

diameter away from shielding to prevent a 
marked loss in Q. Except perhaps at 28 Mc., it is 
not important that the coil be mounted quite 
close to the tank capacitor. Leads up to 6 or 8 
inches are permissible. It is more important to 
keep the tank capacitor as well as other compo-
nents out of the immediate field of the coil. For 
this reason, it is preferable to mount the coil so 
that its axis is parallel to the capacitor shaft, 
either alongside the capacitor or above it. 

There are many factors that must he taken 
into consideration in determining the size of wire 
that should be used in winding a tank coil. The 
considerations of form factor and wire size that 
will produce a coil of minimum loss are often of 
less importance in practice than the coil size that 
will fit into available space or that will handle the 
required power without excessive heating. This is 
particularly true in the case of screen-grid tubes 
where the relatively small driving power re-
quired can be easily obtained even if the losses in 
the driver are quite high. It may be considered 
preferable to take the power loss if the physical 
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Component Ratings 

size of the exciter can be kept down by making 
the coils small. 
The accompanying table shows typical con-

ductor sizes that are usually found to be adequate 
for various power levels. For powers under 25 
watts, the minimum wire sizes shown are largely 
a matter of obtaining a coil of reasonable Q. So 
far as the power is concerned, smaller wire could 
be used. 

Wire Sizes for Transmitting Coils 

Power Input ( Watts) Band ( Mc.) Wire Size 

1000 
28-21 
14-7 
3.5-1.8 

C 
8 
10 

____  

8 
12 
14 

500 
28-21 
14-7 
3.5-1.8 

150 
28-21 
14-7 
3.5-1.8 

12 
14 
18 

28-21 14 
75 14-7 18 

3.5-1.8 22 

28-21 18 
25 or less* 14-7 24 

3.5-1.8 28 

* Wire size limited principally by consideration of Q. 

Space-winding the turns invariably will result 
in a coil of higher Q, especially at frequencies 
above 7 Mc., and a form factor in which the turns 
spacing results in a coil length between 1 and 2 
times the diameter is usually considered satisfac-
tory. Space winding is especially desirable at the 
higher power levels because the heat developed is 
dissipated more readily. The power lost in a tank 
coil that develops appreciable heat at the higher-
power levels does not usually represent a serious 
loss percentagewise. A more serious consequence, 
especially at the higher frequencies, is that coils 
of the popular " air-wound' type supported on 
plastic strips may deform. In this case, it may be 
necessary to use wire (or copper tubing) of suffi-
cient size to make the coil self-supporting. Coils 
wound on tubular forms of ceramic or mica-filled 
bakelite will also stand higher temperatures. 

Plate-Blocking and Bypass Capacitors 

Plate-blocking capacitors should have low in-
ductance; therefore capacitors of the mica or 
ceramic type are preferred. For frequencies be-
tween 3.5 and 30 Mc., a capacitance of 0.001 is 
commonly used. The voltage rating should be 25 
to 50% above the plate-supply voltage (twice 
this rating for plate modulation). 
Small disk ceramic capacitors (approximately 
inch in diameter) are to be preferred as bypass 

capacitors, since when they are applied correctly 
(see TVI chapter), they are series resonant in the 
TV range and therefore are an important measure 
in filtering power-supply leads. Capacitors of this 

type are rated at 600 to 1000 volts. At higher 
voltages, disk ceramics with higher-voltage rat-
ings, or capacitors of the TV " doorknob" type 
are recommended. Voltage ratings of bypass ca-
pacitors should be similar to those for blocking 
capacitors. 

R. F. Chokes 

The characteristics of any r.f. choke will 
vary with frequency, from characteristics re-
sembling those of a parallel-resonant circuit, 
of high impedance, to those of a series-resonant 
circuit, where the impedance is lowest. In be-
tween these extremes, the choke will show vary-
ing amounts of inductive or capacitive reactance. 

In series-feed circuits, these characteristics 
are of relatively small importance because, in 
a correctly operating circuit, the r.f. voltage 
across the choke is negligible. In a parallel-
feed circuit, however, the choke is shunted 
across the tank circuit, and is subject to the 
full tank r.f. voltage. If the choke does not 
present a sufficiently high impedance, enough 
power will be absorbed by the choke to cause it 
to burn out. With chokes of the usual type, 
wound with small wire for compactness, a rela-
tively small amount of power loss in the choke 
will cause excessive heating. 
To avoid this, the choke must have a suffi-

ciently high reactance to be effective at the lowest 
frequency, and yet have no series resonances 
near the higher-frequency bands. The design of 
a choke that meets requirements over a range as 
wide as 3.5 to 30 Mc. at the higher voltages is 
quite critical. 

Universal pie-wound chokes of the " receiver" 
type (2.5 mh., 125 ma.) are usually satisfactory 
if the plate voltage does not exceed 750. For 
higher voltages, a single-layer solenoid-type choke 
of correct design has been found satisfactory. The 
National type R-175A and Raypar RL-100, 
RL-101 and RL-102 are representative manufac-
tured types. An example of a satisfactory home-
made choke for voltages up to at least 3000 con-
sists of 112 turns of No. 26 wire, spaced to a 
length of 3% inches on a 1-inch ceramic form 
(Centralab stand-off insulator, type X3022H). A 
ceramic form is advisable from the consideration 
of temperature. This choke has only one series 
resonance (near 24 Mc.), and exhibits an equiva-
lent parallel resistance of 0.25 megohm or more in 
all of the amateur bands from 80 through 10. 

Since the characteristics of a choke will 
be affected by any metal in its field, it should be 
checked when mounted in the position in which 
it is to be used, or in a temporary set-up simu-
lating the same conditions. The plate end of 
the choke should not be connected, but the 
power-supply end should be connected directly, 
or by-passed, to the chassis. The g.d.o. should 
be coupled as close to the ground end of the 
choke as possible. Series resonances, indicating 
the frequencies of greatest loss, should be checked 
with the choke short-circuited with a short piece 
of wire. Parallel resonances, indicating frequencies 
of least loss are checked with the short removed. 
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A Three-Band Oscillator Transmitter for the Novice 

The novice transmitter shown in Figs. 6-35 - 
6-38, inclusive, is easy to build and get working. 
It is a crystal-controlled, one-tube oscillator 
capable of running at, 30 watts input on the 3.5-, 
7, and 21 Mc. Novice bands. A special feature of 
the transmit 1 er is a built-in keying monitor which 
permits t he operator to listen to his own sending. 

Regulated voltage is used on the serven of the 
oscillator. This minimizes frequency shift of the 
oscillator wit ii keying, which is the cause of chirp. 
In ad(lit ion, a small amount of eat hode bias (114) 
is used on the oscillator. This also tends to im-
prove the keying elutracteristics in a cathode-
keyed simple-oscillator transmitter. 

Circuit Details 

The oscillator circuit used is the grid-plate 
type, and the tube is a 61)(26A pentode. The 
power output is taken from the plate circuit of 
the tube. On 80 meters, art 80-meter crystal is 
needed. On 40, either 80- or 40-meter crystals 
can be used, although slightly more output will 
be obtained by using 40-meter crystals. To 
operate on 15 motets, a 40-meter crystal is used. 
The tank circuit is a pi net work. The plate 

tank capacitor is the variable C6, and the tank 
inductance is L2L3. Cs is a t‘yo-section variable, 
approximately 365 pd. per section, with the 
stators connected together to give a total capaci-
tance of about 730 pd. This range of capacitance 
is adequate for coupling to 50 or 75 ohms on 7 
and 21 Me. When operating on 3.5 Me., an addi-
tional 1000 µµf. (C7) is added to furnish the 
needed range of capacitance. L5 and 112 are essen-
tial for suppressing v.h.f. parasitic. oscillations. 
The keying-monitor circuit uses a neon bulb 

(type NE-2) audio-frequency oscillator con-
ne('ted to the eathode of the 61)Q6A at t he key 
jack, J5. The headphones are plugged into .12, a 

jack mounted on the back 
chassis. Another jack, .13, is 
for the leads that go to the 
the receiver. 

of the transmitter 
used as a terminal 
headphone jack on 

Power Supply 

The power supply uses a 51.14G in a full-wave 
circuit. A capacitor-input filter is used and the 
output, voltage is approximately 370 volts witlt 
a cathode current of 90 milliamperes. A 0-150 
milliammeter reads cathode current. The screen 
and grid currents are approximately 4 ma. when 
the oscillator is loaded. 

Construction 

All of the components, including the power 
supply, are mounted on a 2 X 7 X 13-inch 
aluminum chassis that is in turn enclosed in a 
7 X 9 X 15-inch aluminum box. ( Premier AC-
1597). Otte of the removable covers of the box is 
used as the front panel, as shown in Fig. 6-35. 
The box has a inelt lip around both (wettings, 
so the bottom edge of the chassis should be 
placed one inch from the bottom of the panel. 
The sides of the chassis are also one inch front 
the sides of the panel. The chassis is held to the 
panel by S2r J1, and the mounting screws for 
the crystal socket, so both the front edge of the 
chassis and the panel must be drilled alike for 
these components. Si, at the left in the front 
view, is one inch from the edge of the chassis 
(that is, two inches from the edge of the panel) 
and centered vertically on the chassis edge. Thus 
it is one inch from the bottom of the chassis 
edge and two inches from the bottom edge of the 
panel. The hole for JI is centered on the chassis 
edge and the holes for the crystal socket are 
drilled at the right-hand end of the chassis to cor-
respond with the position of Si at the left. 

Fig. 6-35—This 30-watt three-band Nov-
ice transmitter is enclosed in a 7 X 9 X 
15-inch aluminum box. A group of 1/4 -inch-
diameter holes should be drilled in the top 
of the box over the oscillator tube, as 
shown, to provide ventilation. A similar set 
of holes should be drilled in the back cover 

behind the oscillator circuit. 
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Fig. 6-36—Circuit diagram of the three-band transmitter. Unless otherwise specified, capacitances are in µO. Resistances 
are in ohms (K=1000). 

C1-3-30-fflf. trimmer. 1.2-6 turns No. 16 wire, 8 turns per inch, 11/4  inches diam. 
C2-100-1.40. mica. (B & W 3018). 
C3, Co, C10, CII, Cu, Cia-0.001-µf. disk ceramic. 13-23 turns No. 16 wire, 8 turns per inch, 114 inches diam. 
C4, Cs — 0.001 -µf. 1600-volt disk ceramic. (B & W 3018). The 7-Mc. tap is 18 turns from the 
C6-365-µ0. variable capacitor, single section, broad- junction of L2 and L3. 

cast-replacement type. L4-8-h. 150-ma. filter choke (Thordarson 20054). 
C7- 0.001-0. 600-volt mica. M1-0-150 ma. (Shunte 950). 
CB-3651E0. variable capacitor, dual section, broadcast- RI—Rs inc.—As specified. 

replacement type. RFC8, RFC2, RFC2-2.5-mh. r.F. choke (National R-50 or 
Cl2-500-ppf. mica or ceramic. or similar). 

CI3-0.01-0. disk ceramic. Si—Single- pole 3- position switch (Centralab 1461). 
CI4 — 8 /8-pf. 450-volt dual electrolytic capacitor. 52— Single-pole single-throw toggle switch. 
1, J2 — Open-circuit phone jack. Ti —Power transformer: 360-0-360 volts, 120 ma.; 6.3 
Ja— Phono jack, RCA type. volts, 3.5 amp.; 5 volts, 3 amp (Stancor PM-
.I4—Coaxial chassis connector, SO-239. 8410). 

1.1-10 turns No. 18 wire space-wound on R2. '8'1— Crystal (see text). 

There is nothing critical about the placement 
of the meter or the shafts for Cg, Cg and Si. As 
shown in Fig. 6-38, C6 is mounted directly above 
./1 and approximately two inches from the top 
of the panel. Cg similarly is above the crystal 
socket and on the same horizontal line as Cg. 
S1 is about at the middle of the square formed by 
these four components. 
The holes on the rear edge of the chassis for 

the coaxial connector J4, phone jack J2, receiver 
connector J.3, and for the a.c. cord are drilled 
at the same height as those on the front edge. 
Access holes should be eut in the rear cover of 
the box at the corresponding positions; these 
holes may be large enough to clear the com-
ponents, but not larger than is necessary for 
this purpose. The cover fits tightly against the 
rear edge of the chassis and thus maintains the 
shielding for preventing radiation of harmonics 

in the television bands. However, it is advisable 
to fasten the cover to the chassis edge with a few 
sheet-metal screws, in order to insure good elec-
trical contact. 
There are several different types of broadcast-

replacement variable capacitors on the market. 
Some of these have holes tapped in the front of 
the frame, and this type can be mounted directly 
on the panel using machine screws and spacers. 
Others have mounting holes only in the bottom. 
In this case, the capacitor can be mounted on u 
pair of L-shaped brackets made from strips of 
aluminum. 
Both L2 and L3 are supported by their leads. 

One end of L3 is connected to the stator of Ce 
and the other end is connected to a junction on 
top of a one-inch-long steatite stand-off insulator. 
L2 has one end connected to the stator of C6 and 
the other end to one of the terminals on 

115V. 
A.C. 
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The voltage-dividing network consisting of 
R6 and R7 provides the correct voltage for oper-
ating the keying monitor, R6 is 1.65 megohms, a 
value obtained by using two 3.3-megoltm l-watt 
resistors in parallel. These resistors and other 
small components may be mounted on standard 
bakelite tie points. 

Adjustment and Testing 

When the unit is ready for testing, a 15- or 
25-watt electric light will serve as a dummy load. 
One side of the lamp should be connected to the 
output lead and the other side to chassis ground. 
A crystal appropriate for the band to be used 
should be plugged into the crystal socket, and a 
key connected to the key jack. St should be set 
to the proper band. S2 may then be closed and 
the transmitter allowed to warm up. 

Set C8 at maximum capacitance (plates com-
pletely meshed) and close the key. Quickly t une 
C6 to resonance, as indicated by a dip in the 
cathode-current reading. Gradually decrease the 
capacitance of C8, while retouching the tuning 
of C6 as the loading increases. Increased loading 

Fig. 6-37—Rear view of the transmitter 
showing the placement of components 
above chassis. The loading capacitor, C., 
is at the left, La is the vertical coil and L2 
the horizontal one. Rubber grommets are 
used to prevent chafing and to furnish 
additional insulation on the leads coming 

from below chassis. 

will be indicated by increasing lamp brightness 
and by larger values of cathode el irrent. Tune for 
maximum lamp brilliance. The cathode current 
should read between 90 and 100 milliamperes 
when the oscillator is fully loaded. 
C1 should be adjusted for the best keying 

characteristics consistent with reasonably good 
power output. It is not advisable to attempt to 
adjust C1 with a lamp dummy load, since the 
lamp resistance will change during the heating 
and cooling that take place during keying, and 
this will affect the keying characteristic of the 
oscillator. Use a regular antenna, with or without 
an antenna coupler or matching network as the 
antenna system may require, and listen to the 
keying on the station receiver. Remove the 
antenna from the receiver to prevent overloading, 
and adjust the r.f. gain control for a signal level 
comparable with that at which signals on that 
band are normally heard. Further details on 
checking keying will be found in the chapter on 
keying and break-in. 

(Originally described in QST December, 
1957.) 

Fig. 6-38—Below- chassis view. Power. 
supply components are mounted in the 
left-hand side and the oscillator sec-
tion is at the right-hand side. Mounted 
on the back wall of the chassis is the 
keying monitor. Although not visible n 
this view, the monitor components ore 
mounted on a four-terminal tie point. 
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50-Watt Transmitter 

A One-Tube 50-Watt Transmitter 

The transmitter shown in Figs. 6-39 and 6-41 is 
similar in some respects to the one described pre-
viously. However, it demonstrates a different 
type of construction and will handle more power. 
For simplicity, operation is confined to two bands 
— 80 and 40 meters. 
The circuit is shown in Fig. 6-40. The single 

6146 is used in a Colpitts-type crystal-oscillator 
circuit. The dial lamp II serves as an indicator 
of r.f. crystal current and will also act as a fuse in 
case the crystal current becomes sufficient to 
endanger the crystal. (A crystal will fracture if 
the current through the crystal is sufficient to 
cause excessive heating.) 
The output circuit, consisting of C2, L1 and 

C4, is a pi network designed to feed a low-im-
pedance (50-75-ohm) load. The band switch Si 
shorts out a portion of the coil for 40-meter 
operation and adds C3 in parallel with C4 for 
80-meter outwit. 
One of the functions of the r.f. choke RPC4 is 

that of a safety device. Should the 1000-me. 
1200-volt blocking capacitor break down, high 
voltage would be fed to the antenna or trans-
mission line — a dangerous situation for the 
operator. The choke provides a d.c. short to 
ground should this occur, although it has no 
effect on the normal operation of the transmitter. 
The choke also makes it possible to use capacitors 
with a lower break-down voltage rating at C2 
and C4. 
The meter -Iii and the key are in the cathode 

circuit. Screen voltage is obtained from a voltage 
divider consisting of RI and R2. RI consists of 

three 33,000-ohm 1-watt resistors connected in 
parallel, and R2 is two 100,000-ohm resistors in 
parallel. If desired, 10,000-ohm and 50,000-ohm 
10-watt resistors can be used instead. 

Power Supply 

A power supply delivering approximately 400 
volts is included. The supply uses a 5U4GA or 
5R4GY rectifier and a capacitive-input filter. 
The 100,000-ohm bleeder resistance across the 
output of the supply (shown in Fig. 6-40 as 100K 
5 watts) is made up of three 33,000-ohm, 2-watt. 
resistors in series. 

Construction 

The transmitter is built on a 7 X 11 X 3-inch 
aluminum chassis. The meter requires a 2-inch 
hole, and the two tube sockets (Amphenol type 
NIIP) take 1%-inch holes. The power trans-
former is mounted in the left rear corner of the 
chassis with the rectifier tube alongside. The 
crystal socket and 6146 tube are placed close 
together in front of the transformer. The lamp /1 
is mounted in a Y2-inch rubber grommet set in 
the chassis close to the crystal socket. Connec-
tions to the lamp are made by soldering directly 
to its terminals. 
On the front wall of the chassis, the power 

switch and key jack are mounted at the left-hand 
end. On the other side of the meter are the plate 
tank capacitor C2, the band switch and the output 
capacitor Ci. 
On the under side of the chassis, the filter 

choke is fastened against one end wall, and the 

Fig. 6-39—This view of the 50-watter shows the panel arrangement and layout of the 
components above chassis. The crystal is between the 6146 and dial-light grommet. 

Behind the 6146 is the power transformer and to its right is the rectifier tube. 

• 
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Fig. 6-40—Circuit diagram of the Novice-50 wat er. Unless otherwise specified, capacitances are in ppd. Capacitors 
marked with polarity are electrolytic. Capacitors not otherwise identified are disk ceramic. 

C1-470-µ0. mica capacitor. 
C2-250-W. variable capacitor (Hammarlund MC-

250M). 
C3-680-µed. mica capacitor. 
C4-365- if.-per-section dual variable capacitor, broad-

cast-replacement type, sections connected in 
parallel (Allied Radio 6011725). 

11—Dial lamp, 2 volts, 60 ma., No. 48 or 49. 
—Key jack, open-circuit. 

J2—RCA type phono jack. 
1.1-35 turns No. 20, 11/4 -inch diam., 16 t.p.i., tapped 15 

turns from the C4 end (B & W No. 3019). 

filter capacitors are against the rear wall, sup-
ported at the positive end by an insulated 
terminal strip, and at the negative end by solder-
ing to the grounded terminal of the phono jack 
used as an output connector. 
The coil L1 is suspended by its leads between 

the stator terminals of the tank capacitor ("3 
and the output or loading capacitor C4. 
On the 6146 socket, the three cathode prongs, 

Nos. 1, 4 and 6, should be connected together 
and the leads from C1 and RFC2 should be sol-
dered to any of the three prongs. 
On Si, the center terminal connects to the 

stators of C4. The 40-meter tap from L1 goes to 
one outside terminal on Si, and the mica capacitor 
C3 goes to the other terminal. 

Operation 

After completing the wiring, check all con-
nections to make sure you haven't made a mis-
take. When you feel you are ready to try the 
transmitter, plug in the key, an 80-meter crystal, 

12-9-by. 125-ma, filter choke (Triad C-10X or equiv.). 
MI-21/2 -inch square (Shunte 850). 
R1-11,000 ohms 3 watts. (See text.) 
R2-50,000 ohms, 2 watts. (See text.) 
RFC1, RPC2, RFC3-1-mh. r.f. choke (National R-50, 

Millen 34300-1000). 
RFC4-2.5-mh. r.f. choke (National R-1005). 
Si — 1-pole 2-position switch (Centralob No. 1460). 
S2—Single-pole single-throw toggle switch. 
1.1-750 volts, c.t., 150 ma., 5 volts 3 amp., 6.3 volts, 

4.5 amp. (Stancor PC-8411 or equiv.). 

the line cord, and turn the power on. Leave the 
key open until the 6146 warms up. A 40-watt light 
bulb makes a good load for testing the trans-
mitter, the threaded portion connecting to the 
chassis ground and the base pin to the output 
lead. 

Switch Si to the 80-meter position and set C4 
at maximum capacitance (plates fully meshed). 
Close the key and tune C2 for a " dip" in meter 
reading. Once you've resonated the tank circuit 
by tuning C2 to a dip, you may or may not 
find that the lamp lights. Also, the meter read-
ing at the dip will probably be only 20 or 30 ma. 
By decreasing the capacitance of C4 and re-
dipping with C2 you'll find that the lamp will 
get brighter and the loading heavier, as indicated 
by an increasing meter reading at the dip point,. 
Be careful not to hold the key down any longer 
than necessary with the 6146 out of resonance 
as the tube is easily damaged during such opera-
tion. Increase the loading until the meter reads 
100 to 125 ma. at the dip. This will he an input 
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50-Watt Transmitter 

Fig. 6-41 — This view shows the arrangement of the components below chassis. At the far right, 
mounted against the side of the chassis, is Ls, the power-supply choke. The filter capacitors are 
mounted along the bock wall. At the lower left iS CI, the output capacitor. The other variable isCs. 

of approximately 50 watts, and the dummy load 
should be fairly bright. Under these conditions 
you should have approximately 400 volts on the 
plate of the 6146 and roughly 150 volts on the 
screen. Use an 80-meter crystal for 80-meter oper-
ation and a 40-meter one for 40. It is possible 
to use an 80-meter crystal for 40-meter work, but 
the oscillator will be operating as a frequency 
doubler and the output is less than when operat-
ing straight through at the crystal frequency. 

Antennae 

Antenna systems of any of the types discussed 
in the antenna chapter of this Handbook may be 
used with the transmitter, provided it is appro-
priate for the bands to be used. Two simple types 
of antenna are shown in the sketch of Fig. 6-42. 
Each will work on both of the two bands covered 
by the transmitter. The antenna shown in Fig. 

HE.Fr. 66 FT 

-33 FT. 33,r_, 

RG -59/U 
OR 72- OHM 
TWIN LEAD 

(A) 

33 FT. 

(8 ) 

Fig. 6-42—Sketch of simple antennas described in the 
text. A shows a parallel.crpole system. The system of B 

requires a ground connection. 

6-42A consists of two dipoles, one for 80 meters 
and one for 40 meters, connected in parallel at the 
center where the feed line is attached. The an-
tenna can be made of 300-ohm television ribbon 
line. First measure off two sections of ribbon 
each 66 ft. long. Then at. the center of each sec-
tion cut one of the two wires in the ribbon. Peel off 
one of the two 33-ft. sections of wire. Then con-
nect the remaining 33-ft wire and the 66-ft. 
section of the other conductor together as shown 
in the sketch. Repeat the same operation with 
the other 66-ft. section of ribbon line and attach 
an insulator between the two sections. The feed 
line should be connected across the insulator as 
shown. 
The antenna shown in Fig. 6-42B is similar in 

principle, except that the antennas are quarter-
wave systems. This antenna is suitable if a good 
ground connection, such as a water pipe, is avail-
able within a few feet of the base of the antenna. 
The antenna is constructed in a manner similar to 
that described previously for the half-wave sys-
tem. The antenna may be run vertically or run 
slanting to a tree or other support. If necessary, 
the first portion of it may be run vertically and 
the remainder horizontally. 
The system of Fig. 6-42A should be fed with 

72-ohm coax or ribbon line. The system of Fig. 
6-42 should be fed with 52-ohm coaxial line. 
To avoid possible second-harmonic radiation, 

particularly when operating in the 80-meter 
Novice band, an antenna tuner, such as the one 
described in QST for August, 1958, is recom-
mended. 

(Originally described in QST for December, 
1958.) 
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A 75-W att 6DQ5 Transmitter 

The transmitter shown in Fig. 6-13 is designed 
to satisfy the requirements of either a Novice 
or General class licensee. As described here it is 
capable of running the full 75 watts limit in the 
80-, 40- and 15-meter Novice bands, with band-
switching, crystal switching and other operating 
features. The General license holder can use the 
transmitter in any band 80 through 10 meters, 
and he can add v.f.o. control or amplitude mo(lu-
lation at any time without modifying the 61)Q5 
transmit ter. Crystal switching is a convenience 
for rapidly shifting frequency within a band to 
dodge WIN!, ami a seta position on the operate 
switch permits identifying one's frequency rela-
tive to others in it band. An accessory socket, X3, 
furnishes a convenient point for borrowing power 
for a v.f.o. or for controlling the oscillator by an 
external switch. 

Referring to Fig. 6-44, the circuit diagram of 
the transmitter, the crystal selector switch, Si, 
is used to choose the desired crystal. For crystal-
controlled operation crystals would be plugged 
in pills 1 and 3 and 5 and 7 of socket X1. Similar 
sockets (not shown in the diagram) are used to 
hold the other crystals. When v.f.o. operation is 
desired, the v.f.o. output is connected to 
the plug PI is inserted in socket X1, and the 
former 6AG7 crystal oscillator stage becomes an 
amplifier or multiplier stage when switch Si is 
turned to position 1. 

Since the output of the 6AG7 stage will vary 
considerably with the bands in use, an excitation 
control, RI, is included to allow for proper adjust-
ment of the drive to the 6DQ5 amplifier. The 
6DQ5, a highly sensitive tube, is neutralized to 
avoid oscillation; the small variable capacitor C2 
and the 390-mbif. mica capacitor form the neutral-
izing circuit. Screen or screen and plate modula-
tion power can be introduced at socket X2; for 
radiotelegraph operation these connections are 

completed by P2. Grid or plate current of the 
6DQ5 can be read by proper positioning of S5; 
the 0-15 milliammeter reads 0-15 ma. in the grid-
current position and 0-300 ma. in the plate-
current position. 
The transmitter is keyed at .13, and a key-

click filter ( 100-ohm resistor and C5) is included 
to give substantially click-free keying. The v.f.o. 
jack, J.1, allows a v.f.o. to be keyed along with the 
transmitter for full break-in operation. 

Construction 

A 10 X 17 X 3-inch aluminum chassis is used 
as the base of the transmitter, with a standard 
834-inch aluminum relay rack panel held in 
place by the bushings of the pilot light, excitation 
control and other components common to the 
chassis and panel. The panel was cut down to 
17 inches in length so that the unit would take a 
minimum of room on the operating table. A 
good idea of the relative location of the parts 
can be obtained from the photographs. The sup-
port for the r.f. portion housing is made by fasten-
ing strips of 1-inch aluminum angle stock (Rey-
nolds aluminum, available in many hardware 
stores) to the panel and to a sheet of aluminum 
9 2 inches long that is held to the rear chassis 
apron by screws and the key jack, .13. A piece of 
aluminum angle must also be cut to mount on 
the chassis and hold the cane-metal (Reynolds 
aluminum) housing. Fig. 6-45 shows the three 
clearance holes for the screws that hold this latter 
angle to the chassis after the cane metal is in 
place. Build the can-metal housing as though the 
holes weren't there and the box has to hold 
water; this will minimize electrical leakage and 
the chances for TVI. To insure good electrical 
contact between panel and angle stock, remove 
the paint where necessary by heavy applications 
of varnish remover, with the rest of the panel 

Fig. 6-43 — This 75-watt crystal-con-
trolled transmitter has provision for the 
addition of v.f.o. control. A 6AG7 oscil-
lator drives a 6DQ5 amplifier on 80 
through 15 meters. 

As a precaution against electrical 
shock, the meter switch, to the immediate 
right of the meter, is protected by a 
cane-metal housing. The switch to the 
right of the meter switch handles the 
spot-operate function, and the switch at 
the far top right is the plate-circuit 
band switch. 

Along the bottom, from left to right: 
pilot light, excitation control, crystal 
switch, grid circuit band switch, and 
grid circuit tuning. 
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resistance is in ohms, resistors are Y2 watt. 
C1-100-Auf. midget variable ( Hammarlund HF-100). 
C2-1 5-ppfd. midget variable, .025 inch spacing (Johnson 

15112). 

C3-325-ppf. variable (Hammarlund MC-325-M). 
C.4-Dual 450-µpf. broadcast replacement variable, two 

sections connected in parallel. 
C5- 1-pf. 400-volt tubular. 

CD, C7- 16-uf. 700- volt electrolytic (Aerovox PRS). 
11-6-volt pilot lamp. 
.11 - Phono jack. 

h - Coaxial connector, chassis mounting, type SO-239. 
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masked off. The paint will blister and be easy 
to remove; wash the panel and then drill the 
holes for the components and screws. ( If the holes 
are drilled first, the varnish remover may leak 
through and spoil the paint on the front of the 
panel.) 
From a suitable piece of cane metal, make the 

four-sided 2% X 2% X 2%-inch box that cov-
ers Ss, awl fasten it to the utility-box cover with 
sheet-metal screws. Don't forget ./.1 on the side 
of the box. 
The self-supporting coil, 1.4, can be wound on 

the envelope of the 6AG7 and then pulled apart 
to give the correct winding length. 

Installation of the electrical components should 
present no problems. To insulate it from the 
chassis, capacitor CI is mounted on a small 
ceramic cone insulator (Johnson 135-500 or 
National G8-10). The socket for the 6DQ5 
is mounted above the chassis on a pair of %-
inch sleeves, with a large clearance hole under the 
socket for the several leads running from under 
the ehassis. Cathode and screen bypass capacitors 
for t he 6DQ5 connect to the chassis at soldering 
lugs under the sleeves. 
Taps on L2 are readily made by first pushing 

the wire on either side of the desired turn toward 
the center of the coil. 
Note that shielded wire is used for many of the 

power leads; this is done to minimize the chances 
for stray radiation and it also contributes to 
the stability of the transmitter. Don't neglect it. 

Adjustment 
When the wiring is completed and checked, dis-

able the amplifier stage by removing P2, plug in 
P3 and turn on S5. The tube heaters and filaments 
should light up. If a voltmeter is available and 
connected across Cs, it should indicate over 500 
volts. Later on, with full loading, the plate voltage 
will run around 400. 
With Si switched to an 80-meter crystal, S3 

switched to 80 or 40 and Ss switched to GRID, 
flip 52 to SPOT and tune C1 through its range. 
If the crystal is oscillating the meter should give 
an indication at some setting of C1. The grid 
current reading should vary with the setting of 
C1 (maximum at resonance) and with the setting 
of R1 (maximum with arm at '20K end). If a key 
is plugged in at J3 and 52 is set to oma, the grid 
current should appear only when the key is 
closed. Listen to the signal on a receiver (no 
antenna); if the signal is chirpy try adjusting the 
3-30 ad. compression trimmer between grid 
and cathode of the 6AG7. 
With a 40-meter crystal switched in, check 

for grid current at 14 and 21 Mc., by switching 
S3 to the desired band and tuning with C1. These 
settings should be checked with an absorption-
type wavemeter, since it is possible in some cases 
to find more than one harmonic in the range of 
C1. The 28-Mc. range can also be checked, but 
the 4th harmonic of the 7-Mc, crystal will yield 
only about 1 nia, of grid current. 

Next check the neutralization on the 15-meter 

Fig. 6-45 — Top view of the 6DQ5 transmitter with cane-metal cover removed. A 
3 X 4 X 5-inch utility box (upper right) serves as a shield for the crystals; the cane-
metal protection for the meter switch is fastened to the box cover. Phono jack mounted 
on the meter-side of the box receives v.f.o. output; short length of Twin-Lead from this 

jack to octal plug brings v.f.o. output to crystal socket. 
For protection against high voltage, meter terminals are covered by ceramic tube 

plate caps (Millen 36001). 
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A 75-Watt Transmitter 

Fig. 6-46 — Group of six octal sockets (upper left) serves as crystal sockets. Socket at center 
of chassis holds 6AG7 oscillator tube; the 3-30-120. mica compression trimmer mounted along-
side is excitation control for oscillator stage. Small midget capacitor above coil is neutralizing 
capacitor adjusted from above chassis; this capacitor and grid tuning capacitor to right must 

be insulated from chassis. 

band. With 21-Me, grid turren t indicating, switch 
S4 to 15, set C4 at half scale, and swing Ci through 
its range. Watch elosely for a flicker in grid eur-
rent. If one is observed, try a different setting of 
C2. Work can.fully until the flicker is a minimum. 
A more sensitive indipation of neutralization 
can be olitaillet1 by nsiiig a germanium diode and 
a 0-1 milliammut,T its the output at ./2: adjust C., 
for minimum meter indication. If rising this 
sensitive test, it is wise to start out. with 114 
set at half range or less, until it has lawn deter-
mined that the meter will not swing off scale. 
Under no circumstances use this test, with P2 
its place; the 61/Q5 output is quite likely to 
destroy- the crystal diode. 
When the amplifier has been netztralizeul, con-

meet a dummy load (a 60-watt lamp will do) 
at .12 and replace P2. Set S5 to ',LATE and send 
a few dots as f",; is tuned through its range. At 
resonance the lamp should light up at id the ' date 
curnmt should dip. The plate current can be 
made to increase, along with the lamp brilliance, 
by decreasing the capacitance at C4. The 61)Q5 
plate current can be run up to 180 Ina. (9 ma. 
on the meter) for Novice work; the grid current 
should be held at 2 to -1 ma. Crystals in the 3.5-

to 4.0-Me. range should be used for 80- and 40-
meter operation. and 7-Mr, crystals should be 
used on 40, '20 and 15 meters. For 10-meter 
operation, it is recommended that a v.f.o. with 
20-meter output be used to drive the 61G7; 
trying to drive t he 61/Q5 with the 4th harmonic 
of a 7-Me. crystal is too marginal for all but the 
most experiunced operators. With v. f.o. control. 
always fret'matey multiply (ilouble of triple) 

in the 6AG7 stage to tic. , It.sirt41 I and. 
Because the 61 )Q5 is of drawing high 

values of plate current t‘11‘..n not tuned properly, 
it will pay to take care in learning how to adjust, 
the tranSmitter. Once the controls have been 
"calibrated" and the approximate settings for 
cadi band become known, it should no longer 
be neeessary to turre up with the " series-of-dots" 
teehnique mentioned above. However, in the 
early stages of familiarization with the trans-
mitter, the dots, or a fast hand on the key, may 
save a tube or power supply. The fact that the 
61)Q5 can draw such heavy currents at low plate 
voltages makes it an excelktnt tube for an effec-
tive inexpensive transmitter, but the tube is 
not as tolerant of careless tuning habits as are 
some other tubes. 
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A 90-Watt All-Purpose Amplifier 

The amplifier shown in Figs. 6-47 through 
6-50 will serve as a Class-A134 linear amplifier 
or as a Class-C power amplifier with no changes 
other than the proper adjustment of excitation 
and loading. To accomplish this, a stabilized 
bias supply provides proper Class-ABI bias: the 
bias increases to the correct value for Class-C 
operation when the excitation is brought up to 
the point that yields normal grid current. A stabi-
lized screen supply is included to insure good 
linear operation. 

Referring to the amplifier circuit in Fig. 6-49, 
excitation on the desired band is introduced at 
.11. The grid circuit is a commercial assembly, 
Z1, that can be switched to the correct band by 
Si arid tuned by A pi-net work coupler is used 
in the output, switched by S2 and tuned by Cs. 
l'roper loading is obtained by adjustment of C4: 
to provide sufficient output capacitance in the 
80-meter band an additional 680 µµf. is added. 
A neutralizing circuit, C2 and a 680-fflf. capacitor, 
adds to the fundamental stability at the higher 
frequencies. Parasitic suppressors were found to 
be necessary in the grid and plate circuits. 
Overload protection is provided by a 250-nia. 

fuse in the cathode circuit. The grid, plate or 
screen current can be metered by a suitable 
setting of Ss; with the resistances shown the 
meter provides a full-scale reading of 5 ma. Olt 
grid current. 25 ma. on screen current, and 250 
ma. on plate current. 

If it is desired to plate- or screen-modulate the 
amplifier for a.m. operation, the necessary audio 

so' 

Fig. 6-47—Front view of the 6146 all-purpose amplifier 
The upper panel is part of an 8 X 6 X 31/2 -inch Minibox 
(Bud CU-2109); the ventilated shielding of Reynolds 
Aluminum cane metal is fastened to the Minibox and base 
with sheet-metal screws. 

Plate-circuit tuning controls and switch are mounted on 
the Minibox, and the grid- circuit controls, power switches 
and meter are mounted on the end of the 8 X 12 X 3-
inch aluminum chassis that serves as a base. 

power can be introduced at J. 
The power-supply circuit is shown separately 

(Fig. 6-51) for convenience only, since the ampli-
fier and power supply are all built on the same 

8 X 12 X 3-inch chassis. High voltage 
for the plate of the 61•16 is proviiled 1)y 
a bridge rectifier using a 5U-1-GB and 
two fil )E4 rectifiers stal>ilized screeii 
voltage is obtained from the saine 
supply and two voltage-regulator tubes. 

Fig. 6-48—Rear view of the 90-watt all-
purpose amplifier with the cane-metal cover 
removed. One voltage regulator tube has 
been removed from its socket ( right edge of 
transformer) to allow the neutralizing capaci-
tor and plate blocking capacitor to be seen. 
The plate r.f. choke (RFC3 in Fig. 6-49) is 
mounted on one side wall, and the load capac-
itor and safety choke (C1 and RFC, in Fig. 
6-49) are mounted on the far side wall. 

The rear apron of the chassis (foreground) 
carries the input and output coaxial-connector 
jacks, the 6146 cathode fuse, and the socket 
for the a.m. modulator connections. A shorting 
plug is shown in the socket. 
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Fig. 6-49- Circuit diagram of the all-purpose amplifier and 

-140-µi.f. midget variable (Hammarlund APC-140-B). 
C2- 10-µ,uf. midget variable (Hammarlund HF-15X with 

one stator plate removed). 
-250-,upf. variable (Hammarlund MC-250M). 

Ci- 730-, pf. variable ( Broadcast receiver replacement, 
365 gut. each section, connected in parallel). 

CRI - 20-ma. 130- volt selenium rectifier. 
11, 12- Coaxial cable connector, 50-239. 
13-4- pin tube socket. 
Li-31/4  turns No. 18 at grid end of 12, tapped 2 turns 

from ground end. 
L2-50 turns No. 24, 11/4  inches long on 1/4 -inch diameter 

threaded ceramic form. Tapped at 5, 8, 13 and 
25 turns from grid end. 

1.2-41/4  turns No. 14, 11/46 diam., 1/4  inch long. 
1.1-18 turns No. 16, 2-inch diameter, 10 t.p.i. Tapped at 

11/4 , 51/4  and 1 Ws turns from plate end. (B&W 
3907-1). 
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its bias supply. Unless otherwise indicated, resistors are I/2 watt 

P,- 4-prong plug, with jumper connections as shown. 
RFC, - 2.5-mh. 100-ma. r.f. choke ( National R-50). 
RFC2-5 turns No. 16 wire, wound on 100-ohm 1- watt 

resistor. 
RFC2-1-mh. 500-ma. r.f. choke (Johnson 102-752). 
RFC 1-2.5-mh. 125-ma. r.f. choke ( National R-1005). 
51- 2-pole 6-position (5 used) miniature ceramic switch 

(Centralab PA-2002). 
SI 1 -pole 6- position (5 used) ceramic switch (Centralab 

2501). 
Sa- 2-pole 6- position (5 used) non-shorting miniature 

ceramic switch. ( Centralab PA-2003). Alternate 
contacts used only, to increase voltage rating. 

5,-5.p.s.t. toggle switch. 
Ti -6.3-volt filament transformer (Stancor P-6134). 

comprising CI, Li, L1 and Si is Harrington Electronics 
GP-20 unit. Capacitors showing polarity are electrolytic; 
680-µi.f. capacitors are silver mica, .001-1.2f. are ceramic. 
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6- HIGH-FREQUENCY TRANSMITTERS 
a piece of it to form the cover. Make the cover 
with lips on the vertical portion that slip tightly 
over the sides of the Minibox, and with a bend 
at the bottom that can be fastened to the chassis. 
Another piece of cane metal should be cut to 
serve as a bottom cover; mounting the chassis on 
rubber feet lifts it above the table and permits 
good air circulation through the unit. 
The self-supported inductor L3 can be wound 

on the envelope of one of the 61)E4 rectifiers, 
removed and pulled apart slightly to give the 
specified winding length. The taps on L4 are 
made by first bending inward the wire on either 
side of the turn to be tapped, then looping the 
tap wire around the turn and soldering it securely 
in place. Both L3 and L4 are supported only by 
their leads. 

Testing and Adjustment 

With all tuliesIll their sockets except the 6146, 
the line cord should be plugged in and the power 
switch turned on. The bias-supply 0A3 should 
glow immediately and the rectifier filament and 
heaters should light up. The screen-supply regu-

lators should glow. If a voltmeter is available, the 
high-voltage supply should show first around 400 
volts, and then rise slowly to about 950 volts. 
Switch off the power; the plate supply voltage 
should decay to less than 100 in under 20 seconds, 
indicating that the 40,000-ohm resistors are 
"bleeding" the supply. Note also how long it 
takes for the voltage to reach a value of only a 
few volts: this will demonstrate forcefully how 
long it takes to discharge a high-capacitance 
filter. 
When the power supply has discharged, plug in 

the 6146, connect the plate cap, and set 84 to 
STAND BY. Set the neutralizing capacitor C2 at 
half capacitance and the band switches on 80 
meters. Turn on the power and set the meter 
switch, S3, to read plate current. The 6146 
heater should warm up. Now flip 84 to operate; 
the meter should read 10-20 ma. (.2-.4 on the 
scale). Switching to read screen current, the 
meter should show under 1 ma. (2 divisions on 
the meter). There should be no grid current. 
Turn off the power and remove tile three 

rectifier ttlIns. Connect at JI the driver or excita-

Fig. 6-50—Bottom view of the 
all-purpose amplifier. The 
150-ma, filter choke is mounted 
on the left-hand wall; the 
smaller filter choke, the small 
filament transformer (T1 in Fig. 
6-511 and the selenium rectifier 
are mounted on the right-hand 
wall. The strap of aluminum, 
visible below the meter at the 
top right, provides additional 
support for the length of 
RF-58/U cable that runs to the 
output coaxial connector. All 
power leads except the high 
voltage to the plate are run in 
shielded wire. 
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60E4 6DE4 

+700 

COPS 

+150 

Fig. 6-51—Power supply section of the all-purpose amplifier. 
LI —7-henry 150-ma. choke (Stancor C-1710). 
12-81A-henry 50-ma. choke (Stancor C-1279). 
Pi—Fused line plug, 3-ampere fuses. 

—S.p.s.t. toggle. 
T1-800 v.c.t. at 200 ma., 6.3 v. at 5 amp., 5 v. at 3 amp. (Allied Rodio Knight 62 G 033). 

tion source to be used — less than a watt is re-
quired for linear operation, and only a shade 
more for Class C. Use the drive at a high fre-
quency, such as 21 or 28 Mc. Turn on the ampli-
fier and switch the band switches to the band 
corresponding to the excitation-source frequency. 
Adjust the grid tuning capacitor for a show of 
grid current; peak the tuning and (if necessary) 
adjust the excitation for a half-scale reading of 
grid current. With the loading capacitor C4 set 
at half scale, swing the tuning capacitor C3 
through its range. Watch carefully for a slight 
flicker in grid current. If one is found, adjust 
the neutralizing capacitor C2 until the flicker is 
minimized. The amplifier is now neutralized. 
Alternatively, a sensitive detector of r. f. can be 
coupled at the output connector, J2, and used 
instead of the grid-current flicker. Adjust C2 

for minimum r.f. in the output when the plate 
circuit is tuned through resonance. Turn off 
the power switch and disconnect the excitation 
source. 
Remove the sensitive detector, if used, and 

replace the rectifier tubes. Turn on the power 
and switch the meter to read plate current. With 
the grid and plate circuits switched to the same 
band (10, 15, 20 or 40) it should be possible to 
swing the grid and plate tuning to any combina-
tion of settings with no change in plate current 
reading. This indicates that the amplifier is stable 
and free from oscillation. (The amplifier can be 
made to oscillate on 80 meters with no grid or 
plate loading, but in loaded operation it will be 
stable.) 
The antenna and excitation can now be con-

nected and the amplifier used in normal fashion. 
Used as a linear amplifier, the excitation should be 
adjusted just below the level that would kick 
the grid-current indication on signal peaks. 
Proper loading will be obtained when a steady 
carrier just under the grid-current level is used for 
drive and the loading at resonance is set for about 
100 ma. plate current. Under these conditions 

of loading, a sideband - Igrial will kick the plate 
current to about 40 or 50 ma, on peaks. Measured 
p.e.p. input before clipping should be 60 to 70 
watts. 
When used as a Class-C amplifier, the drive 

should be increased to where about 2 to 3 ma. 
grid current is drawn, and the loading to where 
the 6146 draws about 125 ma. If the amplifier is 
plate modulated, the plate current should be re-
duced to 95 ma., to stay within the tube ratings. 

Since the amplifier uses a fixed and " stiff" 
screen supply, it is good practice always to bring 
up the excitation and loading together, while 
checking to see that the screen current never 
exceeds about 15 ma. In normal Class-C opera-
tion the screen current will run around 10 ma. 

Fig. 6-52—Exploded view of the cable clamp used to 
hold the coaxial cable running to .12. The top plate is a 
11/2 -inch square of sheet aluminum with holes at the four 
corners for 6-32 screws. The arch is a 7/16-inch wide strap 
that mounts diagonally under the chassis. When tightened, 
the top plate clamps the cable braid to the chassis; the 
arch lends support to the cable. 
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A Self-Contained 500-Watt Transmitter 

Figs. 6-53 through 6-58 show the details of a 
500-watt c.w. transmitter, completely self-con-
tained except for the external remote v.f.o. tun-
ing box shown in Figs. 6-57 and 6-58. Provision is 
made for introducing s.s.b. input at the grid of 
the driver stage. While plate modulation can be 
applied to the final amplifier in the usual manner, 
ratings of the plate power supply limit the safe 
input to about 250 watts. 
The circuit is shown in Fig. 6-54. Switch S2 

permits either v.f.o. or crystal-controlled opera-
tion using a 6AH6 oscillator. Either 80- or 40-
meter crystals may be used. The v.f.o. circuit is in 
the 80-meter band and Si selects either of two 
frequency ranges — 3.5 to 4 Mc. for complete 
coverage of all bands, and 3.5 to 3.6 Mc. for 
greater bandspread over the low-frequency ends 
of the wider bands. The plate circuit of the oscil-
lator is on 40 meters for all output bands except 
80 meters where it is non-resonant. 
A 6CL6 buffer separates the oscillator and the 

first keyed stage. This stage doubles to 20 meters 
for 20- and 10-meter output and triples to 15 
meters. The driver is a 2E26 which doubles to 
10 meters and works straight through on all 
other bands. This stage is neutralized and a 
potentiometer in its screen circuit serves as an 
excitation control. 
The final is a 7094, also neutralized, with a 

pi-network output circuit using a B&W 851 band-
switching inductor unit. 
A differential break-in keying system using a 

12AU7 is included. Both the final amplifier and 
driver are keyed by the grid-block method. 
The differential is adjusted by RI. Clicks are pre-
vented by envelope-shaping circuits which in-
chide C7, Cu and the grid-leak resistances. 
The 100-ohm meter shunts give a full-scale 

reading of 50 ma., the 51-ohm shunts a full-scale 
reading of 100 ma., and the 10-ohm resistor in 
the negative high-voltage lead provides a 500-ma. 
scale. 

Power Supply 

The plate transformer in the high-voltage 

supply uses a transformer designed for a con-
ventional full-wave rectifier circuit with an 
ICAS d.c. output rating of 300 ma. at 750 
volts. A bridge rectifier is used with this 
transformer so that an output voltage of 1500 
is obtained. The short duty cycle of c.w. 
or s.s.b. operation makes it possible to draw up 
to the rated maximum of the 7094 (330 ma.) 
through a choke-input filter without a prohibitive 
rise in transformer temperature. 
The low-voltage supply has two rectifiers. A 

full-wave rectifier with a capacitive-input filter 
provides 400 volts for the plate of the driver and 
the screen of the final amplifier. A tap on a volt-
age divider across 400 volts provides 300 volts for 
the plates of the oscillator, buffer and keyer tubes. 
A half-wave rectifier with a choke-input filter 
supplies 250 volts of bias for the keyer and fixed 
bias for the 2E26 and 7094 when they are operat-
ing as Class ABI linear amplifiers. 

Control Circuits 

S7 is the main power switch. It turns on the 
low-voltage, filament and bias supplies. Until 
it has been closed, the high-voltage supply cannot 
be turned on. In addition to turning on the high-
voltage supply, Ss operates the relay K1 which 
applies screen voltage to the final amplifier. Thus, 
to protect the screen, screen voltage cannot be 
applied without applying plate voltage simul-
taneously. J8 is in parallel with S8 so that the 
high-voltage supply can be controlled remotely 
from an external switch. Also, in parallel with 
the primary of the high-voltage transformer is 
another jack, J7, which permits control of an 
antenna relay or other device by S8 if desired. 
The v.f.o.-set switch S8 turns on the exciter and 

grounds the screen of the final amplifier. 
82 has three positions. One is for crystal con-

trol, the second for v.f.o. operation, and the third 
position is for operating the last two stages of 
the transmitter as linear amplifiers with an ex-
ternal s.s.b. exciter. In addition to shifting the 
input of the driver stage from the buffer amplifier 
to an s.s.b. input connector, fixed bias is provided 
for AB' operation of both stages. 

Construction 

The transmitter is assembled on a 17 X 13 X 

Fig. 6-53—A 500-watt transmitter. Power supplies and a 
differential keyer are included. It operates with the ex-
tarnal v.f.o. tuner shown in Fig. 6-57. Controls along the 
bottom, from left to right, are for low-voltage power, 
v.f.o./crystals/s.s.b. switch, driver tank switch, driver tank 
capacitor, final loading, v.f.o. set switch, and high-voltage. 
Above, from left to right, are controls for excitation, final 
tank switch, final tank capacitor and meter switch. The 
band-switch pointer is made by cutting down the metal 

skirt of a dial similar to the one to the right. 
All dials are Johnson. 
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Fig. 6-54—Circuit of the 500-watt self-contained transmitter. Capacitance less than 0.001 µf. are in µµf. Fixed 
capacitors of capacitance greater than 100 of. should be disk ceramic, except as noted below. Fixed capacitors 
of 100 Auf. and 220 wif. should be mica. Capacitors marked with polarity are electrolytic. Resistors not otherwise 

marked are 1/2  watt. 
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81— Blower (Allied 72P715). 
CI, C3-100-µgf. air trimmer (Hammarlund APC-100-8). 
C2—Midget dual variable, 25 µµf. per section (Johnson 

167-51 altered os described in the text). 
C4, C5-0.001-0. silver mica. 
C6-30-µµf. mica trimmer (National M-30). 
C7, CI t —0.1-µf. paper (keyer shaping). 
03-30-mgt. miniature variable (Johnson 160-130) 
C0- 100-µµf. midget variable (Johnson 167-11). 
Cio-330-µµf. mica. 
C12-10-µ0. neutralizing capacitor (Johnson 159-125). 
C13-0.001-µf. 3000-volt disk ceramic. 
CI4-0.001-µf. 5000-volt ceramic (CRL 8585). 
C15-2501.4. 2000-volt variable (Johnson 154-1). 
CM—Triple-gang broadcast variable, 365 µµf. or more 

per section, sections connected in parallel. 
11,12—One-inch 115-volt panel lamp. 
11,12—Cable connector for RG-22/U (Amphenol 83-22R, 

UG-103/1J). 
13—Crystal socket (Millen 33102). 
14,15—Coaxial receptacle (S0-239). 
Js—Key jack, open circuit. 
17, J>—Chassis-mounting a.c. receptacle (Amphenol 61-F). 
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Ki—S.p.s.t. 115-volt a.c. relay (Advance GHA/1C/ 
115VA or similar). 

Li —35 µh.-32 turns No. 18, 2 inches diameter, 2 inches 
long (Airdux 1616). 

Ls—Approx. 10 µh.-65 turns No. 26 enam., on Vs- inch 
iron-slug form (Waters CSA-1011-3). 

Ls—Approx. 2 µh.-16 turns No. 26 enam., close.wound 
at center of form similar to L2. 

Li—Approx. 1 µh.-13 turns No. 26 enam., 1/2  inch long 
at center of form similar to L2. 

L5-16 turns No. 20, 3/4  inch diameter, 1 inch long, tapped 
at 10 turns and 13 turns from Ls end (Airdux 616). 

L6-40 turns No. 16, 11/4  inches diameter, 23/4  inches long, 
tapped at mid point and at La end ( Airdux 1016). 

17-3 turns No. 14, 1/2  inch diameter, 3/4 inch long. 

Ls-4 turns !!46 X ! js-inch copper strip, 13/4  inches diameter, 
21/2  inches long ( part of 138,W 851 coil unit). 

1.9-434 turns No. 8, 21/2  inches diameter, 13/4  inches long, 
tapped at 13/4  turns from Ls end, plus 91/2  turns 
No. 12, 21/2  inches diameter, 11/2  inches long, 
tapped at 6 turns from output end (part of 88,W 
851 coil unit). 
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S SB INPU1 

e 

3 5--Ialéc. 

10 

100 

S SB 

EXT RELAY REMOTE HV 
SWITCH 

o 

1500 v. 

11 MS 

DRIVER 

5/25 fly 
3001.1A. 

816 

86 

N 

P 

3 5— 28 uc 

I2AU7 6X5 6AH6 6CL6 2E26 7094 

Lin-7-hy. 150-ma, filter choke (Stancor C-1710). 

—15-hy. 75-ma, filter choke ( Stancor C-1002). 

1.12-5 / 2 5-hy. 300-ma. swinging filter choke (Triad 
C-33A). 

Mi — Shielded 0- 5-ma. d.c. milliammeter, 31/2 -inch rectan-
gular ( Phaostron). 

Pi, 1'2— Plug for RG-22/U cable ( Amphenol 83-22SP). 

Ri- 100,000-ohm potentiometer. 

R2, R, R..-100 ohms, 5%. 
Ri- 20,000-ohm 4-watt potentiometer (Mallory M20-

MPK) 

R7., R5-51 ohms, 1 watt, 5%. 

Ro — Two 10,000-ohm 2-watt resistors in series. 

Rn— Three 100-ohm 1-watt noninductive resistors in 

parallel. 

Rin- 25,000 ohms, 25 watts with slider. 

RI — 15,000 ohms, 20 watts, with slider. 

R12-4700 ohms, 1 watt. 

Ria- 2200 ohms, 1 watt. 

R11-10 ohms ( Five 51-ohm 1-watt 5% resistors in parallel.) 

i00 

no 

330 01p1 

Fq R7 

S 2E 00 20K 

F C ITVFO 

a 

sse ? 

t10,1! 
50v 

eom( 
10 050V T_ 

sop! 

a 50 v 

80/d 1 

L, 3 AM 

85Hy V FOI, 
50 MA SET 

12.5K 

20w 

12 5K 

12 5K 

20W. 

12 5K 

20W 

12 5K 

20 W. 

1000 

2.5 RV 

OUTPUT 

R15— 1000 ohms 1/2  watt 5%. 
Si— Single- pole ceramic rotary switch (Centralab 2000, 

2 of 12 positions used). 
S2—Two-wafer ceramic rotary switch ( Centralob PA- 300 

index, PA-4 wafers. S2 K and $2., are on one wafer, 
$2, 521, and S2E on second wafer). 

SI— Three-wafer ceramic rotary switch ( Centralab PA-301 
index, wafers PA- 0, 5 positions used). 

Si— Part of B&W 851 coil unit. 

S:,- 2- pole 3- position ceramic rotary switch ( Centralab 
2003, two positions used). 

So— Double-pole ceramic rotary switch (Centralab 2003). 

So, SK—S.p.s.t. toggle switch. 

Ti — Power transformer: 750 v.a.c., c.t., 150 ma.; 5 volts 

3 amps.; 6.3 volts, 4.7 amps. (Thordarson 22R06). 

T2, TA— Fila ment transformer: 2.5 volts, c.t., 3 amps. 
(Triad F-1 X1. 

Ti— Plate transformer: 1780 volts, c.t., 310 ma., center tap 
not used (Triad P-1 4A). 

Ts— Filament transformer: 5 volts, c.f., 3 amps. (Triad F-7X). 
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Fig. 6-55—The only shielding required on top 
of the chassis is the amplifier enclosure shown. 

A perforated cover for the enclosure 
is not shown. 

4-inch aluminum chassis with a 19 X 
12U-inch panel. Tl a• amplifier enclo-
sure measures 8 I in(•hes wide, 8U 
inches deep an il 712 iin•hes high. The 
three permanent sides shown in Fig. 
6-55 can be hent up from a single sheet 
of solid aluminum stock. The top and 
back (not slatwit) are Iliac le from a sin-
gle piece of Reynolds perforated sheet aluminum. 
The tube socket is mounted on 3%-inch ce-

ramic cones over a large hole cut in the chassis and 
covered with a patch of perforated sheet. The 
tank capacitor ns is mounted on metal spacers to 
bring its shaft, level up to that of the switch on 
the B& \V inductor which is mounted directly on 
the chassis. The two shafts are spaced 4 inches. 

Exciter 

A 4 X 5 X 6-inch aluminum box is used as the 
foundation for the exciter. The driver tank 
capacitor is centered on the chassis with its center 
approximately 3 inches back from the front edge 
of the chassis. The capacitor specified has an 
insulated mounting. If an uninsulated capacitor 
is substituted, an insulating mounting must be 
provided. The shafts of S2 and S3 are spaced 

inehes and centered on the front end of the 
I ox. On the side of the Isox toward the tuning 
capacitor, the oscillator tul te, the buffer tube, the 
low-frequency suet ion (L6) of the driver tank 
coil, and the 2E26 are lined up so as to clear the 
tank eaparitor and its shaft. The latter is fitted 
NVitli alt insulated eoupling and a panel-
bearing unit. The slug-tuned coils are 
mounted in holes near the bottom edge 
of the box. Neutralizing capacitor ("8 
is mounted at the rear end of the box, 
close to the 2E26 soeket. The high-
frequency section (1,5) of the tank coil 
is suspended between tile outer end of 

Fig. 6-56—The exciter is assembled using a 
standard aluminum box as the foundation. The 
perforated cover has been removed. The bot-

tom of the chassis should also have a 
perforated metal cover. 

41. 

the low-frequency section and the plate cap of 
the 2E26. Coil-tap leads run through small feed-
through points or grommeted clearance holes in 
the side of the box. 
The loading capacitor C16 is placed so that its 

shaft is symmetrical with the shaft of SS, and SS 
is spaced from it to ba 82 at the other end. 

The V.F.O. Tuner 

The v.f.o. tuner is assembled in a 5 X 6 X 9-inch 
aluminum box (Premier AC-596). The dual 
tuning capacitor C2 has 7 plates, 4 rotor and 3 
stationary, in each section. In the front section, 
which is used to cover the entire 80-meter band, 
the two rotor plates nearest the front should be 
removed. This leaves two rotor plates and two 
active stator plates, the front stator plate being 
inaut ive. In the rear section, the front rotor plate 
and the last two rotor plates are removed. This 
leaves one rotor plate riding between two stators. 
The capacitor is mounted on a bracket fastened 

against the bottons of the box, although it could 
be mounted from the front cover with spacers to 
clear the hub of the Millen 10035 dial. The shaft 
()I' the vaparitor should be central on the front 
cover. The coil is suspended between a pair of 
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2 k, -inch ceramic pillars (Millen 31002). It is 
placed immediately to the rear of the tuning 
capacitor. The two air trimmers, C1 and C3, are 
mounted on the top side of the box with their 
shafts protruding so that they can be adjusted 
from the top. The bandspread switch is mounted 
in one end of the box and the cable connector at 
the other end. 
The unit is housed in a standard cabinet (Bud 

C-1781) having an 8 X 10-inch panel. The dial 
should be fastened to the panel, making sure 
that the hub of the dial lines up accurately with 
the shaft of the tuning capacitor. Then the box is 
inserted in the cabinet through the front opening. 
The switch shaft goes out through a hole drilled 
in the side of the cabinet, and the cable goes 

Fig. 6-57—The remote v.f.o. tuning unit is housed in a 
standard metal cabinet. The cable at the right plugs 

into the main chassis. 

through a hole in the opposite end to the cable 
connector. The dial should be set to read zero at 
maximum capacitance of the tuning capacitor. 
The box should he supported on spacers. 

Adjustment 

With all tubes except the rectifiers out of their 
sockets, the power supplies should be checked 
first to Is, sine that they ale functioning properly. 
The voltage output of the low-voltage supply 
should be in excess of 400 volts, the biasing 
voltage 300 or more and the high voltage above 
1500. The slider on the low-voltage bleeder 
should be set at approximately three quarters 
of the way from ground. The slider on the bias-
supply bleeder should be set for a reading of —250 
volts to ground. 

Plug in the oscillator and buffer tubes and an 
80-meter crystal if one is available; otherwise 
connect the v.f.o. tuner. With the low-voltage 
supply turned on, the 0A2 should glow. When 
the key is closed, the 0A2 should dim but stay 
ignited. If it does not, the value of the 10K Vit 
resistor should be reduced. 
The v.f.o. can now be adjusted to frequency. 

Set C2 at maximum capacitance. Set S1 to the 
80-meter position. Adjust the 80-meter trimmer 
until a signal is heard at 3500 kc. Oil a calibrated 
receiver. Then set the receiver to 4000 kc. and 
tune the v.f.o. until the signal is heard. If the 
signal is not close to 100 on the dial, carefully 

• 

4.• 

Fig. 6- 58—Interior of the v.f.o. tuning box showing the 
mounting of the coil and other components. 

bend the rear rotor plate of the 80-meter section 
of C2 outward a little at a time to get the desired 
bandspread. Each time this adjustment is made, 
the trimmer should be reset to bring 3500 kc. at 
zero on the dial. 
The same procedure should be followed in ad-

justing for the other v.f.o. range, aiming for 3600 
kc. (or above if desired) at 100 on the dial. 
The 2E26 should now be plugged in and the 

excitation control R4 set at the ground end (zero 
screen voltage). S2 should be set in the v.f.o. 
position. With low voltage on and the key closed, 
a 5763 grid-current reading should be obtained 
with the band switch in the 80-meter position. 
With the switch in the 40-meter position, the 
slug of L2 should be adjusted for maximum grid 
current to the 2E26. With the band switch in the 
20-meter position, L3should be adjusted for maxi-
mum grid current, and then the slug of L4 should 
be adjusted for maximum grid current with the 
band switch in the 15-meter position. 
Now insert the 7094 in its socket and neutral-

ize the 2E26 as described earlier in this chapter. 
Testing of the final amplifier requires a load 

applied to tlie output connector. Two 150-watt 
lamps connected ill parallel should serve the 
purpose. Turning on the high voltage will also 
apply screen voltage through the relay K1. With 
both band switches set to 10 meters, and C16 set 
at about half capacitance, quickly tune the out-
put circuit to resonance as indicated by the 
plate-current dip. The load lamp should show 
an indication of output. Switch the meter 
to read grid current and neutralize as described 
earlier in this chapter. After neutralization the 
amplifier can be loaded to rated plate current. 
If it is above the rated maximum value. increase 
C16 and retune to resonance, or decrease if the ( 
plate current is below the rated value. 
With the final adjusted and the entire trans-

116 

mitter operating, make a final check on the volt-
age at the tap on the low-voltage supply, adjust-
ing the slider if necessary to bring the voltage to 
300 with the key closed. Be sure to turn off all 
voltages each time an adjustment is made. 
The last adjustment is in the keyer. Adjust the 

potentiometer R1 to the point where the oscillator 
cannot be heard between dots and dashes at 
normal keying speed. 
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813 Amplifier 

An All-Purpose 813 Amplifier 

Figs. 6-59 through 6-62 show the circuit and 
photographs of an 813 amplifier designed for c.w., 
a.m., or s.s.b. operation. Provision has been made 
for convenient changing from one mode to an-
other as well as to any of the bands from 80 
through 10 meters. 
The circuit is shown in 6-60. A turret-type 

grid circuit is used and the output circuit is a 
pi network designed to work into coax cable. The 
inductor is the rotary-type variable. Provision 
for neutralizing is included. RI is a parasitic 
suppressor. 

For Class C c.w. or phone operation, 84 is open. 
The 90 volts of fixed bias, furnished by a small 
bias supply and regulated by the V1190, is aug-
mented by a drop of about 50 volts across the 
grid-leak resistor R2 at a normal grid current of 
15 ma. This brings the total bias to 140 volts. 
With 84 closed, the grid leak is short-circuited 
and the 90 volts of fixed bias alone remains for 
AB2 s.s.b. operation. (An advantage in AB, for 
c.w. operation is that it preserves the keying 
characteristics of the exciter better than with 
Class C operation.) R2 should be adjusted so that 
the VR90 just ignites with no excitation. 

Screen voltage is regulated at 750 volts by a 
string of five 0A2s for s.s.b. operation. When the 
grid drive is increased for Class C operation, the 
screen current increases, increasing the drop 
across the screen resistor RE„ and the screen volt-
age falls to 400. The regulators then lose control 
and the amplifier is ready for plate-screen 
modulation. 
The screen is protected against excessive input, 

should the load or plate voltage be removed, by 
the overload relay K1. The tripping point is set 
at 40 ma. by the variable shunt resistor R4. If the 
relay trips, current through Ro will hold the screen 
circuit open until plate voltage is removed. One 
meter, M I, measures cathode current, while the 
other meter, 3/2, may be switched to read either 

Fig. 6-59— W4SUD's all-purpose 813 
amplifier. The output-capacitor switch 
(coarse loading) is above the turns 
counter for the variable inductor. Dials 
near the center are for the plate tank 
capacitor Cs (above) and the grid 
tank capacitor CI (below). To the right 
of the dials are the controls for the 
plate padder switch S3 (above) and 
the grid band switch Si ( below). The 
toggle switch below the meters is the 
mode switch Si with the meter switch 
Se. to the left. Ventilating holes are 
drilled in the cover in the area above 
the tube. The output connector is on the 
left-hand wall of the shielding box 

grid current or screen current. 
Forced-air ventilation is always advisable for 

a medium- or high-power amplifier if it is but-
toned up tight to suppress TVI. A surplus 100 
e.f.m. blower does the job more than adequately. 

Construction 

The amplifier is built on a 13 X 17 X 4-inch 
aluminum chassis fastened to a standard 12% X 
19-inch rack panel. The r.f. output portion is 
enclosed in a 12 X 13 X 8 -inch box made of 
aluminum angle and sheet. The VR tubes, relay, 
blower and meters are mounted external to the 
box. 
The grid tank-circuit components are mounted 

underneath the chassis and are shielded with a 
5 X 7 X 3-inch aluminum box. A standard 
chassis of these dimensions might be substituted. 
The bias and filament transformers are in a sec-
ond box measuring 6 by 3 by 3 inches. This type 
of construction, together with the use of shielded 
wire for all power circuits, was followed to reduce 
TVI to a minimtun. Each wire was bypassed at 
both ends wit h 0.001-e. ceramic disk capacitors. 
L4 can be adjusted to series resonate with the 
600-maf. capacitor at the frequency of the most 
troublesome channel. A Bud low-pass filter com-
pletes the TVI treatment. As a result, the ampli-
fier is completely free of TVI on all channels 
even ill most fringe areas. 

Adjustment 

In the pi network, the output capacitors are 
fixed. However, the adjustment of the network is 
similar to that of the more conventional arrange-
ment using a variable portion of the output 
capacitance. The only difference is that the 
"fine" loading adjustment is done with the 
variable inductor. 
The inductor is fitted with a Groth turns 

counter, making it easy to return to the proper 
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R. F. AMPLIFIER 3.5-28 Me. 

R. F 
INPUT 

5-25M, 

SIB O °  

0   

OS,,  0  
o s  
o  

01,---Fut-0  
,„C,: Toc, I i i I 

L____4 ' _J 

131-Ventilating blower, 100 c.f.m. (surplus). 
C.-250-ppf. variable (Hammarlund MC-250-M). 
CZ - 1000-Auf. mica. 
CO-Neutralizing capacitor, 10 ppf. maximum (Johnson 

159-250). 

C.- 150-µpf. 6000-volt variable (Johnson 153-12). 
C-,- 100-µµf. 5000-volt fixed capacitor ( surplus vacuum 

Amperex VC- 100, or two 200-puf. 5000-volt 
micas in series). 

CR. - 130-volt 50-ma, selenium rectifier. 
-II, .12-Coaxial receptacle (S0-239). 
K.-Screen overload relay, 2500 ohms, 7 ma. (Potter & 

Brumfield KCP5). 
14-3.5 Mc.-32 turns No. 20, 1-inch diam., 2 inches long, 

5- turn link (B&W 3015 or Airdux 816)• 
-7 Mc.- 18 turns No. 20, °Á-inch diam., 11/4  inches 

long, 3-turn link (B&W 3011 or Airdux 616). 

R, • 

39 

042 

042 

042 

042 

042 

-14 Mc.- 10 turns No. 18, 5/s- inch diam., 11/4  inches 
long, 2- turn link (B&W 3006 or Airdux 508). 

-21 Mc.-7 turns No. 18, %- inch diam., 7/9 inch long, 
1- turn link ( B&W 3006 or Airdux 508). 

-28 Mc.-5 turns No. 18, Vs- inch diam., % inch long, 
1- turn link (B&W 3006 or Airdux 508). 

12-3 turns 3/16-inch copper tubing, 1-inch diam., 1/4 
inches long. 

1,-15-µh, variable inductor (B&W 3852). 
L.-See text. 
M I, M2 - 3 1/2 -inch d.c. milliammeter. 
R.-39 ohms, 1/2 -watt carbon. 
R2- 3300 ohms, 2 watts. 
R3- 15,000 ohms, 10 watts with slider. 

124- 2000-ohm 4-watt variable resistor ( Mallory M2-
MPK). 

RFC., RFC.1-2.5-mh. r.f. choke (National R-50 or similar). 

Fi 

R, 

105 
»Ow. 

RFC, 

RFC2 

145m5. 

+2000 -2500v. 

0-505:0. 

1,500 
. 

2mh. 

506 

RFC, 

I fl 5651 

7.-0T-Toir-er-er-erizo 
(Au 2.55v MICA) 

A C 

eó.uFiPti 

RFC2-Plate r.f. choke ( National R- 175-A). 
RFC I-V.h.f. choke (National R-60). 
S.- Rotary switch: 3 wafers, 3 poles, 11 positions per 

pole, 5 positions used (Centrolab PA-0 wafers, 
PA-301 index). 

52- Rotary switch: single pole, 10 positions, progressively 
shorting, 6 positions used (Centralab PA- 2042). 

53- Rotary switch: s.p.s.t., ceramic (antenna link switch 
from BC-375 tuning unit, or Communications 
Products Model 65). 

S.-S.p.s.t. toggle switch. 
S-,-D.p.d.t. rotary switch (Centralab 1405). 
T.-Filament transformer: 10 volts, 5 amp. (Thordarson 

21F18). 
Ti - Bias transformer: 120 volts, 50 ma.; 6.3 volts, 2 amp., 

filament winding not used; could be used for 
pilot light ( Merit P-3045). 
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Fig. 6- 61—This view 
shows the placement of 

components on the chas-
sis. The 813 socket is 

mounted on spacers 
over a large clearance 
hole in the chassis. The 
several mica output 
capacitors are assem-
bled in a stack on a 
threaded rod fastened 
to the left-hand wall of 
the shielding box. The 
neutralizing capacitor 

and the 80-meter plate 
padder are to the right 

of the tank capacitor. 

To the right of the box 
are the five 0A2s ( the 
front one hidden), the 

screen overload relay 
and the VR90, the 
blower and meters. 

setting for each band. Until the settings for 
each band have been found, 83 should be turned 
so that all of the output capacitance is in circuit. 
The inductor should be set near maximum for 80, 
and approximately half maximum for 40. On the 
higher-frequency bands, the inductor should be 
set so that the circuit resonates with the tank 
capacitor near minimum capacitance. Loading 
should increase as the output capacitance is de-

Fig. 6-62—Bottom view of the 
all-purpose 813 amplifier. The 
grid tank-circuit components 
within dashed lines in Fig. 6-70 
are enclosed in the box at lower 
center. Input links are wound 
over ground ends of grid coils. 
Filament and bias transformers 
are in the second box. The 
large resistor to the left of the 
grid box is the screen resistor. 
The variable resistor in the 
upper left-hand corner is the 
relay shunt R4. The selenium 
bias rectifier is fastened against 
the left-hand wall of the chassis. 

creased. A change in output capacitance requires 
a readjustment of C4 for resonance. When the 
loading is near the desired point, final adjustment 
can be made by altering the inductance slightly. 
A 20-A or similar exciter is well suited as a 

driver for this amplifier on all modes. The 813 
runs cool at 500 watts input on a.m. and c.w. 
and at 1000 watts p.e.p. on s.s.b. (Originally 
described in QST for August, 1958.) 
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A Medium-Power Tetrode Amplifier 

Fig. 6-63—This medium-power tetrode 
amplifier is assembled on a 17 X 
12 X 3-inch aluminum chassis with a 
19 X 121/4 -inch rack panel. Controls 
along the bottom of the panel are 
for the grid band switch, grid tun-
ing capacitor, meter switch, a.c. 
power, and pi-network loading ca-
pacitor. Above are the controls for 
the plate tank capacitor and plate 
band switch. The sides and back of 
the shielding enclosure are a single 
piece of Reynolds perforated alumi-
num sheet "wrapped" around the 
chassis. A 1-inch lip is bent along 
the three top edges so that the top 
cover can be fastened on with sheet-
metal screws. 

Figs. 6-63 through 6-66 show photographs and 
circuit diagram of an amplifier using an 14CA 
7094 tetrode that will handle up to 500 watts 
input on c.w. or 330 watts with plate-screen 
modulation. Construction has been simplified 
by the use of manufactured subassemblies — a 
Harrington Electronics Gl'-50 multiband grid 
tank and a B & W type 851 bandswitching pi-
network inductor. The amplifier is neutralized 
by the caimeit ive-bridw method. RI and L5 are 
adjusted to suppress v.h.f. parasitic oscillation. 
The single milliammeter M s may be switched to 
read either grid or plate current. The shunt R2 
multiplies the original 50-ma. scale by 10, giving 
readings up to 500 ma. when the meter switch 
S3 is in the plate-current position. Forced-air 
ventilation is provided by a small blower B1. 

Fig. 6-64—Rear view of the medium-
power amplifier. The shafts of the 
plate band switch and plate tuning 
capacitor are 21/4  and 61/4  inches from 
the left-hand end of the chassis in this 
view. A ventilating hole somewhat 
larger than the tube socket (829-B 
type) is centered 61/2  inches from the 
right-hand end of the chassis and 6 
inches from the rear. A piece of 
perforated aluminum covers the hole 
and supports the tube socket mounted 
on 1-inch ceramic cones. Feed-through 
insulators carry connections to the bot-
tom terminals of the plate tank-coil 
unit, the plate r.f. choke and the neu-
tralizing capacitor. The meter is en-
closed in a 4 X 4 X 2-inch aluminum box. 

Shielded wire is used in all power circuits and 
terminal leads are bypassed for v.h.f. as they 
enter the chassis. 

Construction 

The plate blocking capacitor is threaded onto 
one of the plate tank-capacitor stator rods. 
Plate-circuit leads are made of 2"--inch copper 
strip. Steen and filament bypasses are connected 
directly between the uhe;socket terminals and 
the perforated sheet. Each of the three screen 
terminals is bypassed with a i000-pf. 1600-volt 
disk ceramic capacitor. The grid-tank unit is 
spaced from the front wall of the chassis on 1-inch 
pillar iieulat ors to provide space for an insulating 
shaft coupling. 

Along the rear wall of the chassis are the coax 
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Medium-Power Tetrode Amplifier 
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Fig. 6-65—Circuit of the 7094 amplifier. Unless specified otherwise, capacitances are in isid. All fixed capacitors rated 
at less than 5 kv. are disk ceramic. The 5-kv. capacitors are TV-type ceramics (Centralab 858). Dashed lines in grid circuit 
enclose components of Harrington GP-50 multiband tank unit. Those in the plate circuit enclose components of the B & W 
851 pi-network inductor. 

10061 
1. .V 

iSEE TEAT 

Bi— Blower (Allied Rodio Cat. No. 72P715). 
C1-250-,umf. midget variable (special). 
C2— Neutra I izing capacitor- 11 µAt max. (Johnson 

N125). 
C3- 250-Muf. 3000-volt variable (Johnson 250E30). 
C.1- 1100-µµf. variable— triple-gang broadcast replace-

ment type, 365 gAtf. (or more) per section, sections 
connected in parallel. 

II-6.3-volt dial lamp. 
JI, .12— Coax receptacle (50-239). 
Li-2 turns No. 16, 1 inch diam., over ground end of 12. 
L2-14 turns No. 16, 1/4  inch diam., 2 inches long. 

L,-3 turns No. 16, 1 inch diam., over ground end of Li 
Li- 38 turns No. 22, 1/4  inch diam., 11/2  inches long. 
1-3-3 turns No. 12, 1/4  inch diam., 1 inch long. 
Lfi-4 turns 1/46 X 316-inch copper strip, 11/4  inches diame-

ter, 21/2  inches long. 
17-434 turns No. 8, 21/2 inches diam., 11/4  inches long, 

output connector, a.c. power connector, fuse, 
screen-voltage, Isias and ground terminals, high-
voltage connector ( Millen) and the coax input 
connector. Strips of !•:?-inels aluminum angle fas-
tened to the panel provide a means of fastening 
the shielding enelosure to the panel. Paint should 
be removed where the angle rests against the 
Ian nel so that there will be good electrical cont : let 
I et ween the two. 

Prelimin ary Adjustment 

To maintain a tank Q of 10 at 4 and 7.3 Mc., 
4 turns should be removed or shorted out at the 
front end of the Bk \V unit, and the 40-meter tap 
should be moved or w turn toward the rear. ( For 
operation at less t han maximum ICAS rat ings, see 
pi-net work charts earlier in this chapter.) 

tapped at 3 turns from the Ls end. 

Ls-91/2 turns No. 12, 21/2  inches diam., 11/2  inches long, 
tapped at 6 turns from the output end (see text). 

Note: L7 and L8 are mounted close together on the same 
axis; Lo is mounted at right angles. 

MI — D.c. milliammeter, 0-50-ma. scale-31/4 -inch rec-
tangular (Triplett Model 327-PL). 

Ri — Three 150-ohm 1-watt carbon resistors in parallel. 
R2—Approx. 32 turns No. 24 on a 1/4 -inch diam. form (see 

measurements section for method of adjustment). 
RFC1-750-ph. r.f. choke (National R-33). 
RFC2—Plate r.f. choke 1201.41 (Raypar RI- 101). 
RFC3-2.5-mh. r.f. choke (Nationa I R-50). 
SI — Two-wafer 5-position ceramic rotary switch. 
S2—Special heavy-duty 5- position rotary switch (com-

ponent of B & W inductor unit). 

TI—Filament transformer: 6.3 volts, 3.5 amps. minimum 
(Thordarson 21F 1 1). 

Before applying excit at ion, t he amplifier 
should be checked for v.h.f. parasitic oscillation 
as described earlier in this sect ion. A resistor of 
about 20,000 ohms should be connected between 
the bias terminal and ground. Full plate voltage 
may be applied, but the screen should be operated 
from an adjustable 50,000-ohm 50-watt series re-
sistor connected to t he plate supply. The grid band 
switch should be t muted to the 10-meter position 
and the plat e stvilcli t o t he 80-meter position.Wit h 
the meter switched to read plate current, the 
screens resistance should be reduced until the plate 
power input is about 100 watts. The meter should 
then be switched to read grid current and the 
recommended procedure followed. Th(, objective 
is to suppress the parasitic oscillation with the 
smallest possible coil to keep the parasitic-circuit 
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--
Fig. 6-66—Bottom view of the 7094 amplifier. The grid-tank assembly in the upper left-hand 
corner and the output loading capacitor in the lower right-hand corner are placed so that the 
shaft of the latter and the shaft of the grid band switch are 11/2 inches from the ends of the 
chassis. Spacers between the chassis and the output capacitor bring its shaft level with those of 
the grid-tank unit. The meter switch is at the center. The filament transformer is mounted on an 
aluminum bracket. The ventilating fan is bolted against the rear wall of the chassis. 

resonant frequency between the two v.h.f. TV 
bands. If oscillat ion is detected, additional loading 
resistors should lx' tried first. If this does not work, 
another t urn should be added to the coil, or the 
turns squeezed closer together. With the parasitic 
coil described, the ress,nant frequency of the 
circuit is about 100 megaeyeles. 

Neutralizing 

Neutralizing should be done with excitation 
applied to produce rated grid current. The 
input and output circuits should lw tuned to the 
same frequency. Plate and screen voltages should 
be disconnected at the transmitter terminals. 
The neutralizing capacitor should then be ad-
justed until a point is found where there is no 
change in grid current as the plate tank circuit 
is tuned through resonance. The output capacitor 
should be set at maximum capacitance for this 
check. After plat e and screen voltages have beets 
applied and the amplifier loaded, the neutralizing 
capacitor should be given a final adjustment to 
the point where minimum plate current and 
maximum grid and screen currents occur simul-
taneottsly. 

Power Supply 

Maximum ICAS ratings on the 7094 are 1500 
volts, 330 ma. on c.w., 1500 volts. 200 ma. (max.) 
Class Alis s.s.b., and 1200 volts, 275 ma. for a.m. 
phone. However, the tube will work well at plate 
voltages down to at least 700 volts, provided 
appropriate values are used in the pi network as 
mentioned previously. The recommended screen 
voltage is 400 for all classes of operation at screen 

currents up to 30 ma., depending on the type of 
operation. Therefore a regulated screen voltage 
ean be obtained using a pair of 01)3s and one 0C3 
in series. If screen voltage is obtained from the 
plate supply, an adjustable 100-watt 75,000-ohm 
series resistor should Ise used and the value ad-
justed to obtain the desired operating plate cur-
rent after initial tuning adjustments have been 
mule. 

Biasing 

A fixed biasing voltage of 50 is required for 
s.s.b. operat ion. Bat t dries should last indefinitely. 
The biasing voltage may also be obtained from a 
voltage divider across a Vit tube with suitable 
series resistor. A biasing voltage of 130 is recom-
mended for plate-modulated Class C service, and 
100 volts for c.w. operation. Recommended grid 
current is 5 ma. If the sereen is operated from a 
fixed-voltage source, a source regulat cd by an 
0A3 should provide plate-current eut off. The 
balance of the required operating bias may be 
obtained from a grid leak (5000 ohms for c.w. 
or 11,000 ohms for phone). In ease the screen is 
supplied through a dropping resistor from Use 
plate supply, fixed biasing voltages of 100 for 
c.w. or 130 for phone (no grid leak) should pro-
vide reasonable protection for the tube in case of 
failure of excitation. 
The rated driving power is 5 watts, easily fur-

nished by a 2E26 without pushing it. Existing 
transmitters using a 61,6. 6116 or 807 its the final 
may be used if provision is made for controlling 
the output of these units by adjustment of screen 
voltage. 
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A Grounded-Grid Half Kilowatt 

The amplifier shown in Figs. 6-67, 6-69 and 
6-70 will run at about 500 watts input on c.w. — 
or p.e.p. input as an s.s.b. linear— on all bands 
from 80 through 10 meters. The unit is small 
enough to sit on the operating table right along 
with the rest of the station equipment; no need 
for big racks here. 
Using a pair of 811As in parallel in the 

grounded-grid circuit, this rig is a good one to 
use following transmitters such as the Viking 
Ranger, DX-40, Globe Scout, and others of 
similar power class, for a worth-while increase in 
power output on c.w. As a linear amplifier fol-
lowing an s.s.b. exciter it requires no swamping 
because the 811A grids provide a fairly constant 
load in themselves, and also the fed-through 
power with grounded-grid presents an additional 
constant load to the driver. The total driving 
power needed on any band is less than 20 watts. 
An additional useful feature is a built-in direc-

tional coupler using a version of the " Mickey 
Match." Besides its obvious application for 
checking the s.w.r. on the transmission line to the 
antenna or for help in tuning up a coax-coupled 
antenna coupler, it is practically indispensable 
as an indicator of relative power output in tuning 
the amplifier. 

The Circuit 

A number of tube types could be used in an 
amplifier of this power class, but the 811As are 
a good choice because they do not need a bias 
supply and are not expensive. (Surplus 811s can 
be used if you don't want to buy new tubes; the 
ratings are not quite as high but they can be 
pushed a bit in intermittent service such as c.w. 
and s.s.b.) 
The complete circuit is shown in Fig. 6-68. To 

save trouble and work, standard components 
are used throughout — the only special construc-
tion is the shielding and a few simple r.f. chokes. 
The tube filaments are driven directly from coax 
input from the driver; no tuning is used or is 

Fig. 6-67—This amplifier operates at a 
plate input of approximately 500 
wafts, uses a pair of 811As in 
grounded-grid, and is complete with 
power supply on a 13 X 17 X 4-
inch chassis. The rack panel is 101/2  by 
19 inches. Front-panel controls include 
the plate tuning capacitor and band 
switch in the center, filament and plate 
power switches with their pilot lights at 
the lower left, sensitivity control and 
forward-reflected power switch for 
the directional coupler at the lower 
right, variable loading capacitor and 
auxiliary loading-capacitor switch un-
derneath the 0-1 milliammeter at the 
right, and the grid-cathode milliam-
meter with its switch at the upper left. 
The filter choke, 866As and plate 

transformer occupy the rear 
section of the chassis. 

needed in this circuit. The filaments are kept 
above ground by the B & W type FC15 filament 
choke. 
The plate tank is the familiar pi network, using 

a B & W type 851 tapped coil and band-switch 
assembly. This assembly has been modified 
slightly in two respects: First, the copper-strip 
10-meter coil normally mounted at the top of the 
rear plate is taken off and moved so that it is 
supported between the tank assembly and the 
stator of the tank tuning capacitor as shown in 
Fig. 6-69. A short length of copper strip is bolted 
between the free end of the coil and the right--
hand stator connection of the tuning capacitor, 
to support the free end. This change is made 
ils order to avoid the long lead that would have 
to be run from the capacitor to the regular input 
terminal on the tank assembly, since this terminal 
is at the right-hand side of the assembly as 
viewed from the top. The turns of the 10-meter 
coil are also squeezed together a bit to increase 
the inductance, because it was found that a 
rather large amount of capacitance had to be 
used to tusse the circuit to the band with the 
coil at its original length. The length is now 15/3 
inches between mounting holes. 
The second modification is the addition of a 

pair of switch contacts on the rear switch plate 
of the tank assembly. There is an extra position 
on tisis plate with holes already provided for con-
tacts, and the additional set of contacts is used 
to switch in fixed output loading capacitance 011 
80 meters, where a large output capacitance is 
needed. The variable loading capacitor, C3, with 
the five fixed mica capacitors, C6 to Cg inclusive, 
give continuous variation of capacitance up to 
1275 pd. on all bands, including the regular 
switch position for the 80-meter band. However, 
if the switch is turned to the extra position an 
additional 1000-ae mica capacitor is connected 
in parallel, so that continuous variation of 
capacitance to over 2200 getf. is possible on 80. 
This takes care of cases where the load resistance 
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happens to be unusually low or reactive.' 
A 500-inn. tic. meter is used for reading either 

total cathode current or grid current alone. The 
cathode current  is read in preference to plate  

1These contacts can be obtained directly from the manu-
facturer of the tank assembly. To secure a set cf contacts 
with mounting hardware, send one dollar to Barker & Wil-
liamson, Beaver Dam and Canal. Bristol, l'enfla., specifying 
the type of tank assembly for which they are wanted. The 
contacts are not catalog items and are nut available through 
dealers. 

Ji 

RE IN 

6 3V 

current because of safety considerations. Putting 
the meter in the hot d.c. plate lead leaves nothing 
but a little plastic insulation between the high 
voltage and the meter adjusting screw. It is a 
bit of a nuisance to have to subtract the grid 
current from the cathode current in order to find 
the plate current, but it isn't serious. The d.c. 
grid circuit has a jack, J3, for introducing external 
bias either for blocked-grid keying or for cutting 
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Fig. 6-68 - Circuit diagram of the paralleI-811A grounded-grid amplifier. Unless otherwise specified, fixed capacitors 

are disk ceramic, 600-volt rating. 

Ci -500 µµf., 20,000 volts (TV "doorknob" type). 
Ca-250-1.41f. variable, 2000 volts (Johnson 250E20). 
C3-325-µµf. variable, receiving type (Hammarlund) 

MC-325-M). 
Ci-C2, inc.-1200-volt mica, case style CM-45. 
II, 12-6.3-volt dial lamp, 150-ma. (No. 47). 
11,12-Coax connector, chassis mounting. 
13-Closed-circuit phone jack. 
Ji, Js- 115-volt male connector, chassis mounting (Am-

phenol 61-M1). 
Li, 12, Sa- 5-band pi-network coil-switch assembly; see 

text (B & W 851). 
La-Swinging choke, 4-20 henrys, 300 ma. (UTC S-34). 
Li-Section of coax line with extra conductor inserted; 

see Footnote 1 for construction references. 
MI, Ma-Milliammeter, 31/2 -inch plastic case (Triplett 

327- PL). 
Ri - 20,000-ohm composition control, linear taper. 
RFC,-Filament-choke assembly, to carry 8 amp. (B & W 

FC15). 

RFC, RFC3-2 µh. ( National R-601. 
RFC,-90 µh.; 4%-inch winding of No. 26, 40 t.p.i., on 

14-inch ceramic form (B & W 800). 
RFC1-2.5 mh., any type. 
RFC6-RFC.i, Incl.-18 turns No. 14 enam., close-wound, 

1/2 -inch diem., self-supporting. 
Si -4-pole 2-position rotary, nonshorting (Mallory 3242.1 

or Centralab 1450). 

Sa- Part of tank assembly; see 1.1 

Sa- Miniature ceramic rotary, 1 section, 1 pole, 6 posi-
tions used, progressive shorting (Centralab 2042). 

SI- Miniature ceramic rotary, 1 section, 2 poles, 2 posi-
tions used, nonshorting (Centralab 2003). 

Su-S.p.s.t. toggle. 

Ti -Filament transformer, 6.3 volts, 8 amp. min. (UTC 
S-61). 

12-Filament transformer, 2.5 volts, 10 amp. (UTC S-57). 

Tx-Plate transformer, 3000 volts center-tapped, 300 ma. 
d.c. (UTC S-47). 
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off the plate current during receiving, and a four-
pole switch, Si, is therefore needed for handling 
the meter switching while keeping all circuits 
functioning normally. 
The power supply uses 866As with a plate 

transformer giving 1500 volts each side of the 
center tap, and working into a single-section 
choke-input filter. The filter capacitor consists of 
four 80-id. electrolytics connected in series to 
handle the voltage, giving an effective filter 
capacitance of 20 j4f. This supply is running well 
below its capabilities in the intermittent type of 
operation represented by c.w. and s.s.b., and the 
amplifier is somewhat "over-powered" in this 
respect. A lighter plate transformer can be used 
since the average current in regular operation is 
only about half the maximum tube rating of 350 
ma, for the pair. 
The a.c. inputs to both filaments and plates 

have TVI filters installed right at the a.c. con-
nectors. The chokes in these filters, Were to 
RFC, inclusive, are homemade by winding 18 
turns of No. 14 enameled wire close-wound on a 
half-inch dowel or drill. 

Construction 

The only space available for the filament trans-
formers is below chassis, so these are mounted on 
the front wall of the chassis as shown in Fig. 6-70. 
There is plenty of room for all other power-supply 
parts below chassis, and the photographs make 
any further n nnment on this section unnecessary. 
The r.f. layout shown in Fig. 6-69 is almost 

an exact copy of the circuit. lapeit as given in 
Fig. 6-68. The plate blocking capacitor, C1, is 
mounted on a small right-angle bracket fastened 
to the left-hand stator connection of the tank 
capacitor, C2. The tube plates are connected to 
C1 through individual parasitic-suppressor as-
semblies, Z1 and Z2. The hot end of the plate 
choke, RFC1, also connects to this same point. 
The tank capacitor is mounted on 3-inch ceramic 
pillars to bring its shaft to the same height as the 
switch shaft on the tank-coil assembly. The 

Fig. 6-69—The r.f. section 
with the shield cover removed. 
Components here are readily 
identifiable by reference to 
the circuit diagram. The meters 
are enclosed in rectangular 
boxes made from thin alumi-
num sheet, formed to be fas-
tened by the meter mounting 
screws. The back covers on 
these boxes are made from 
perforated aluminum, folded 
over at the edges and held on 
the boxes by sheet-metal 
screws. The switch for shifting 
the 0-500 milliammeter ( left) 
from grid to cathode is con-
cealed by the box which 

encloses the meter. 

capacitor is grounded by connecting the bottom 
of its frame through a half-inch wide strip of 
aluminum to essentially the same point at which 
the plate-choke bypass capacitor, a 0.001-d. 
2000-volt disk, is grounded. The ground end of 
the aluminum strip actually is under the bottom 
of the plate choke, and the ground lug for the 
bypass capacitor is just to the left. This strip, 
plus short leads in the circuit from the tube plates 
through the tank capacitor to ground, keep the 
resonant frequency of the loop thus formed well 
up in the v.h.f. region: this is important because 
it permits using low-inductance parasitic chokes 
in shunt with the suppressor resistors, and thus 
tends to keep the r.f. plate current at the regular 
operating frequencies out of the resistors. With 
other tank grounding arrangements originally 
tried, larger parasitic chokes had to be used and 
it was impossible to prevent the resistors from 
burning up when operating on 10, 15 and even 20 
meters. Now they do not overheat on any fre-
quency, and v.h. f. parasitics are nonexistent— 
although without the suppressors the parasitics 
are only too much in evidence. 
The output loading capacitors, C3 through 

C9, are mounted toward the rear so the leads 
from the tank coil can be kept as short as possible. 
A length of copper strip is used between the coil 
and the stator of C3; originally this had was No. 
14 wire but on 10 meters the tank current was 
enough to heat it to the point of discoloration. 
The ground lead from the fixed units, made to the 
rear bearing connection of C3, is also copper 
strip. C3 and S3 are operated through extension 
shafts, using Millen flexible couplings to simplify 
the alignment problem. 

Underneath the chassis, each 811A grid is 
bypassed directly to the socket-mounting screw 
nearest the plate choke (right-hand side of the 
socket in Fig. 6-70). The d.c. leads have small 
chokes, RFC2 and RFC3, with additional bypasses 
for good r.f. filtering, particularly at v.h.f. since 
grid rectification generates harmonics in the 
TV bands. The filament choke, RFCI, is mounted 
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so that the filament side is close to the filament 
terminals on the tube sockets: the other end is 
bypassed directly to the chassis. 
The shielding around the amplifier consists of 

two pieces of sheet aluminum and a perforated 
aluminum (" do-it-yourself" type) cover having 
the shape of an inverted U. Fig. 6-69 shows how 
the rear wall is made. Its edges are bent to pro-
vide flanges for fastening the cover wit h sheet-
metal screws, and there is a similar flange pro-
jecting to the rear at the bottom for fastening 
the wall to the chassis. The front piece extends 
the full height of the panel and is identically 
drilled and cut out for meters and controls. It has 
flanges at the top and extending down the sides 
from the top to the chassis. The cover itself ex-
tends down over the sides of the chassis for about 
one inch. Numerous screws are used for fastening 
the cover, to prevent leakage of harmonics. 
The shields over the meters are made as de-

scribed in the caption for the inside top view. 
Meter leads are bypassed to the shield boxes 
where they emerge. 

Construction of the directional coupler par-
allels that given for the antenna coupler in 
Chapter Thirteen. 

Operating Conditions and Tuning 

The voltage delivered by the power su! ft is 
approximately 1500 volts with no drive and with 
the tubes taking only the no-bias static plate 
current, which is about 60 nia. \ t the full load of 
350 ma. the voltage is slightly under 1400. Op-
timum operating conditions for 1400 volts at 350 
ma. peak-envelope power input as an s.s.ba linear 
call for a peak-envelope grid current of 60 ma. 
The peak-envelope tube power output is close to 
350 watts under these conditions. The same oper-
ating conditions are also about optimum for c.w. 
The behavior of the cathode current when 

tuning a grounded-grid triode amplifier is some-
what confusing, and the muter is principally 
useful as a check on operating conditions rather 
than as a tuning indicator. The best indicator of 
proper tuning of the plate tank capacitor is the 
forward-power reading of the directional coupler. 
For any trial setting of the loading controls and 
driving power, always set the plate tank capacitor 
control at the point which results in a maximum 
reading on the power-output indicator. 
The power indications are only relative, of 

course, and the sensitivity control should be set 
to give a reading in the upper half of the scale of 
the meter. 
The objective in adjusting loading and drive 

is to arrive at maximum power output simul-
taneously with a plate current of 350 ma. and a 
grid current of 60 ma. — that is, a total cathode 
current of 410 ma. when the grid current reading 
is 60 ma. The loading is critical. If the amplifier 
is not loaded heavily enough the grid current 
will be too high and the right value of total 
cathode current either will not be reached or, if 
reached, the amplifier will be operating in the 
"flattening" region as an s.s.b. linear. ( It can be 
operated this way on e.w., however, since lin-
earity is unimportant here.) If the loading is 
too heavy, the grid current will be low when the 
cathode current reaches the proper value, but 
the efficiency will be low and the tubes will over-
heat. 

Getting the knack of it takes a little practice, 
but when the job is done right the tubes will 
run cool on all bands in regular operation. Run-
ning key-down over a period of time may show 
just a trace of dark red color on the plates since 
the input and dissipation are somewhat over 
ratings under these operating conditions, al-
though perfectly satisfactory with ordinary key-
ing or s.s.b. voice. 

Fig. 6-70—In this be-
low-chassis view, the 
two filament transform-
ers are at the top, 
mounted on the chassis 
wall. The 811A sockets 
are at the upper left. 
The rectangular box on 
the left-hand wall con-
tains the FC15 filament. 
choke assembly. The 
"Mickey Match" direc-
tional coupler is at the 
upper right. Filter ca-
pacitors and the bleeder 
resistors are in the 
lower section. A.c. in-
lets, fuse holder, bias 
jack, and the 115-volt 
line TVI filters are on 
the bottom chassis wall. 
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A Compact 650-Watt Amplifier 

Compactness in the high-power amplifier 
shown in Figs. 6-71 through 6-76 is achieved 
through the use of germanium rectifiers in the 
power supply and tubes of the radial-beam type. 
When driven by an exciter delivering about 30 
watts output, the amplifier runs at about 650 
watts input and gives an output of about 400 
watts on c.w. or p.e.p. s.s.b. It covers 80 through 
10 meters by means of band switching and has 
a fixed 50-ohm output impedance. 
Two 4X250B tithes operating Class AB2 are used 

in a grounded-cathode circuit (see Fig. 6-72). No 
grid tuning is used, since an exciter of the size 
mentioned will drive the grids directly across the 
110-ohm resistance. Ls is a series peaking coil 
to increase the drive on 10 meters. A parallel-
tuned tank with fixed-link output coupling is used 
in the plate (intuit. This system has t he advan-
tage that series plate feed can be us si, and no 
large output cat tattitance is needed. Tuning is 
straightforward and the coupling, once adjusted 
holds over a wide frequency range. 
The link circuit is grounded through a remov-

able jumper at the output eonnector, so that a 
balanced load can be fed if desired. 
The small 15-ppf. capacitor (CBE Type 850), 

from the plates to ground, provides a short path 
for harmonic currents and keeps them out of the 
output coil. On the 3.5- to 4-Mc, range a fixed 
100-ppf. capacitor is connected across the coil, 
so that a proper L-to-C ratio can be maintained 
at 4 Mc. When switched out of the circuit, the 
coil and fixed capacitor resonate around 5 Mc., 
which is sufficiently removed from any of the 
other ranges to avoid any difficulty. 
The 10-ohm resistor in the B + lead serves as 

a fuse in ease of a shorted tube or other fault 
that might endanger the power supply. 

Power Supply 

The plate supply uses two voltage doublers in 

Fig. 6-71—The panel of this 650-watt 
amplifier built by W9LZY measures 
only 10 by 14 inches. Below the meter 
are the meter switch, high-voltage 
switch and filament/bias switch. To the 
right are controls for the band switch 
(above) and the tank capacitor ( below). 

series; see Fig. 6-75. Two 325-volt windings on T2 
feed strings of germanium rectifiers in full-wave 
voltage-doubler connections. Each doubler ca-
pacitance is 160 pf., made up of two parallel 80-pf. 
450-volt cartridge type units with cardboard 
sleeves. The chassis is lined with insulating ma-
terial under the C5 and C6 capacitors, since their 
outer cans run as high as + 1300 volts. The ripple 
is around 3 per cent r.m.s., and the regulation 
from no load to full load is about 15 per cent. 
Sixteen cells are used. Each group of four cells in 
one side of a voltage doubler has two 560 K 
resistors connected across pairs of cells to equalize 
the reverse voltage drop. Other 560 K resistors 
are connected as bleeders only as a safety meas-
ure, since no bleeders are needed for proper 
circuit operation. But even with the bleeders, the 
capacitors can retain a charge for several minutes, 
so be careful! 

Grid bias is furnished by a 75-volt winding 
on Ti, a half-wave rectifier and an 80-pf. capaci-
tor. About — 90 volts is developed across C9 and 
applied to the tubes during stand-by periods. 
The operating bias is adjustable from —30 to 
—60 volts by 113. 
Screen voltage is taken from the +375-volt 

point of the plate supply (junction ('7 and Cs). 
It is dropped through the 61.3F5 regulator to 
deliver a low-impedance output adjustable from 
about 250 to 325 volts at up to 75 ma. Since 
this type of regulator will not handle reverse 
current, bleeder R2 ( Fig. 6-72) is provided to off-
set no-signal negative screen current to the 
4X250Bs and make the screen meter read on scale. 
When in operating condition, the " reference" 

voltage for the screen regulator is the — 90 volt 
bias supply. Its stand-by condition the reference 
is switched down to the tap on 113, thus reducing 
the screen voltage from its nominal +300 or so 
to a lower value. This action, together with the 
increased grid bias, insures that the 4X25013s 
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4%250E1 

-40 6.2 A.C. COMMON + 300 +1500 

Fig. 6-72—Circuit diagram of the r.f. portion of the amplifier. Unless otherwise indicated, capacitances are in pØ., 
resistances are in ohms, resistors are 1/2  watt. The 1000-µµf. plate bypass is a CRL Type 858-S; the 1000-µµf. feed-

through capacitors are 500-volt ceramic. 

CI, C2—Four 1000-µµf. 500-volt disk ceramic capacitors 
in parallel. 

C3- 115-µµf. variable, 2000-volt spacing. See text. 
Ca—Two 25-µ0. NPO ceramic and one 50-µµf. N750 

ceramic in parallel, 7500-volt rating. 
J1—UG-291 /U BNC panel jack (Amphenol 31-001) 
J2-60-239 UHF panel jack (Amphenol 83-1R). 
1.1-6 turns No. 20, 1/2 -inch diam., 1/2 inch long. 
L2-41/2  turns 1/2 -inch copper tubing, 11/2  inches long, 

11/2 -inch diem. Link is 3 turns No. 16 wire, 34 inch 
long, 1/2 -inch diam 

L3-6 turns 1/2 -inch copper tubing, 11/2  inch long, 11/2 -inch 

draw no current in standby condition. In opera-
tion the grid, screen, and plate voltages all tend 
to vary in proportion to line-voltage changes. 
The screen current is measured by switching 

the 0-75 milliammeter across 22 ohms in the lead 

diam. Link is 2 turns No. 12, 1/2  inch long, 11/2 -inch 
diam. 

1.4-81/2  turns No. 12, 1'4 inches long, 21/2 -inch diam. Link 
is 3 turns No. 12, 1/2  inch long, 11/2 -inch diam. 

4— Two coils, see text. Outer is 10 turns No. 12, 11/2  
inches long, 21/2 -inch diam. Inner coil is 61/2  turns 
No. 12, 1/2  inch long, 11/2 -inch diam., inside plate 
end of outer coil. Link is 4 turns No. 12, 1/2  inch 
long, 11/2 -inch diam. 

RFC; — 100-gh. r.f. choke (National R-33-4). 
RFC2-21-µh. 600-ma, r. f. choke (Ohmite Z-28). 

to the screen-voltage regulator. The resistor 
has negligible shunting effect. For measuring 
plate current the meter is switched across a 
low resistance R6, connected between the two 
sections of the plate supply. R5 was adjusted for 

Fig. 6-73—Rear view of the 650-watt 
amplifier showing mounting of the 
4X250Bs and the plate transformer. 
Shields in the foreground enclose 
voltage-regulator tubes and a relay. 
The shaft protruding from the rear 

edge of the chassis operates 
the bias potentiometer. 



650-Watt Amplifier 

Fig. 6-74--Side view 
of the 4X2506 ampli-
fier showing mounting 
of the band switch and 
tank coils. The chassis is 

perforated for 
ventilation. 

full-scale meter reading at 750 ma. There is a 
maximum of -125 volts between switch contacts 
and 850 volts from contacts to ground. 
The stand-by relay K i is one that plugs into a 

7-pin miniature socket. It operates from 115 
volts a.c. and a half-wave power supply. The 
input is brought out to two terminals on the 
rear of the chassis, where connection is made 
across the antenna relay coil. 

Construction 

The amplifier is built on an 8 X 14-inch chassis 
with a 10 X 14-inch panel. The chassis is 41A 
inches deep, to provide spetce for the filter capaci-
tors and cooling fan underneath. As can be seen 
by studying the photographs, the plate power 
supply occupies the left end of the chassis, atol 
the r. f. circuits take most of the remaining space. 
The heater and bias supply is stowed tinder the 
right rear corner of the chassis behind the tdate 
tuning capacitor. The screen retrtilator atol stand-
by relay an. at t he rear of the ellassis in the center. 
The cord rots an. few atol simple. The band 

switch has four positions. for the 80-, 40-, 20-
and 15- and 10-meter bands. Other controls am 
the plate tuning capacitor.. plate-current/serpen-
current meter switch, power and plate voltage 
switches. 
The plate tank capacitor is one from a BC-

:375 tuning unit, mounted under the chassis on 
four rm.:unic feed-through bushings. (Any other 
capacitor of equivalent rating, such as the John-
son 155-4 may be sulistitided.) Four holes 
were drilled and tapped in the 1.¡-ineli squam 
frame rods on the right-hand side of the ea-
paeitor, and 6-32 threaded rod was screwed into 
the holes and passed through the insulators. 
The four screws project above the insulators at 

the top of the chassis, where the B+ ends of the 
plate coils connect to them via copper strips. 
An insulated shaft extension goes through the 
panel to the tutting knob. 
The wire from eaell coil was wrapped around a 

pipe of suitable diameter. Four Plexiglass strips 
were drilled with clearance holes at the desired 
spacing, then the coil wire was fed through the 
holes. The SO-meter coil was made with two 
concentric sections in series to get enough in-
ductance into the available space. The 80- and 
40-meter links were also threaded through strips, 
while the 20- and 10-meter links are self-support-
ing. All links are a push fit inside the insulating 
strips of their respertive coils, and are held with 
a drop or two of cernent after adjustment. 
The two band-switch wafers are each single-

pole, 4-positton, 60-degree throw (Communica-
tions Products Co., Type 86). A 60-degree index-
atol-shit ft assembly fi:orn an Oak Type H switch 
was used. The rest of the switch was made up 
from 6-3'2 threadect brass rod, 4-inch o.d. tubing, 
1/16-inc-Ii aftunieum sheet, and miscellaneous 
ceramic spacers and fiber washers from junked 
rotary switches. 

Tite front wafer switches the plate coils. The 
links are connected to the rear wafer through 
13G-58/15 cable, except the 80-meter link which 
goes ( tired. The cold sides of all links are soldered 
to a strip of copper running around the wafer, 
supported by 2-56 screws through the unused 
holes 1)c- to-yen contacts. The u.h.f.-type output 
connector is motmted on a strip of bakelite fas-
tened to the rear switch bracket; its shell is 
grounded through a couple of solder lugs shown. 
7'2 weighs about twenty pounds; the chassis 
should be at least 0.08-inch aluminum to be 
strong enough to carry it. 
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Fig. 6-75—Circuit of the power supply. Unless otherwise indicated, resistances are in ohms, resistors are 1/2 watt. 

Bi-3250-r.p.m. motor with 4- inch fan blade (Rotron* 92-
AS motor). 

Ca Co, Cl, Ca—Two 80-0. electrolytics in parallel 
(Sprague TVA- 1716). Insulate as described in 
text. 

CRI—CRI— Four 500-ma. 300-volt peak inverse ( 1N153 
or equiv.). 

CR-,-100-ma. 380-volt peak inverse. 
CRa-65-ma. 380-volt peak inverse ( Federal 1002A). 
II — 150-ma. 6-8 volts (GE No. 47). 
Ki- 5000-ohm coil, 4 ma. pull- in (Terado Series 600 or 
*Rotron Mfg. Co., 7 Schoonmaker Lane, Woodstock, 
New York. 

equivalent). 
R2- 2-watt linear potentiometer (Ohmite CU- 1021). 
R4-2-watt linear potentiometer (Ohmite CU-2541). 
S2, 53- 15-amp. 125- volt toggle ( Cutler-Hammer 7501-

K13). 
Si—Two-pole 2-throw 60-degree throw ceramic rotary 

switch, non-shorting. See text. 
T1-6.2 volts at 5.5 amp., 6.3 volts at 1 amp., 75 vans at 

100 ma. ( Forest Electric Co.** T-423). 
Ti— Two-secondaries, each 325 volts, 1 amp. (Forest* * 

T-412). 
**Forest Electric Co., 7216 Circle Rd., Forest Park, III. 
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650-Watt Amplifier 

Fig. 6-76—This bottom view show the 
ventilating fan, tank co pacitor, rectifier 

stacks and filter capacitors. 

A bottom cover and a per-
forated-metal shield over the 
top, sides and rear should be 
added, for safety as well as TVI-
proofing. An opening should be 
cut above the r.f. tubes and cov-
ered with hardware cloth. 

Cooling 

Each 4X250B tube requires at least 3.6 cubic 
feet of air per minute through the anode cooler. 
The base also requires some air. The tube is 
ordinarily mounted in an Eimac " air-system" 
socket so that the air flows first over the base, 
then through the anode cooler. This leads to a 
fairly large pressure drop, which is ordinarily 
considered to require a centrifugal blower. Since 
a blower of this type requires considerable space, 
the design has been altered to permit the use of 
a fan. Only the insulating rings and contacts 
from Eimac sockets are used, mounted by the 
cathode tabs in oversized holes in the chassis. 
Many small holes are drilled in the chassis to 
provide additional air passage. A small aluminum 
housing above the chassis directs all the air 
through the anode coolers. It comes to within U. 
inch of the anode coolers. The opening is closed 
by a piece of Fiberglas-base plastic fitting on top. 
It comes to within 14 inch of the tubes, so that 
a small amount of the air flows around the 
outside of the coolers. 

All of the left end and part of the right end of 
the chassis are perforated by 3A-inch holes. The 
air drawn in by the fan passes over the plate 
rectifier fins and past the heater transformer. 
The whole air path is direct and free from large 
obstructions and sharp bends. 
The fan is a 4-inch blade driven by a Rotroa 

Mfg. Co. Type 92-AS motor at 3250 r.p.m. It 
is mounted in a hole 4A inches in diameter in 
the grid housing, with about of the blade thick-
ness projecting into the housing. The motor is a 
capacitor-rim type. The 1-pf. 600-volt phasing 
capacitor mounts on the side of the grid housing. 
The motor, housing and capacitor can be removed 
as a unit, leaving only the front and rear walls of 
the housing in place. 

Under the conditions described, the pressure 
vs. flow curves of the fan and of the tubes indicate 
that somewhere around 10 c.f.m. of air is de-
livered. This is entirely ample for the pair of 
4X25015s. Since the only major source of heat is 
the tubes, and since this heat is quickly removed 
by the air, the whole amplifier runs at a satisfac-
torily low temperature. 

Operation 

For Class AB, operation, the screen voltage 
is set at 300 volts, and the grid bias at a point 
(about -AO volts) where the tubes draw 150 ma. 
without drive. When operating and fully loaded, 
full output from an HT-30 or similar exciter 
should swing the plate current to approximately 
400 ma. 
The various links are of approximately the 

right inductance to couple to a 50-ohm load. 
They must be quite tightly coupled to their 
plate coils. When properly positioned with a 
50-ohm load connected, the plate current dips 
10 or 15 ma. as the plate capacitor is tuned 
through resonance with r.f. drive applied. Once 
adjusted, these links are left alone. The antenna 
is tuned with the aid of an s.w.r. bridge to present 
a 50-ohm load to the amplifier. The amplifier 
should not be operated without a suitable load 

Operation is now very simple. The heaters are 
warmed up for at least 30 seconds. With the 
plate power switch off, the band switch is set to 
the proper range. The exciter is tuned up to give 
c.w. output. (Not more than 40 volts r.m.s.) The 
plate power is turned on and the plate capacitor 
tuned to the plate current dip, or to maximum 
indicated output if a Micromateh is being used. 
The exciter is then set to give the type of output 
desired. 

(Originally described in QST for Sept. 1958.) 

205 



6 — HIGH-FREQUENCY TRANSMITTERS 

4-250-A's in a 1-Kw. Final 

The amplifier shown in the accompanying 
photographs uses two 4-250As in parallel and 
covers 3.5 to 28 Mc. with complete band-switch-
ing. The output circuit is a pi network designed 
for working into reasonably well-matched 52- to 
75-ohm coaxial lines. The amplifier can handle 
a kilowatt input in Class C operation on either 
phone or c.w. without pushing the tubes to their 
limits. It can also be operated as a linear amplifier 
for single side band. 
The various components are mounted on a 

17 X 13 X 4-inch aluminum chassis attached to a 
standard 19-inch relay rack panel IS 
high. The above-chassis section is enclosed in a 
11 -iitcii high shield made from 16-incli sheet 
altuninum. All all bottom plate completes 
the below-chassis shielding. Enclosing the am-
plifier in this way, plus the use of shielded wire 
and filters in the supply leads, takes care of the 
harmonic TV! question. 
The 4-250As are cooled by forcing air into the 

chassis and thence up past t la t ul >es by means of 
a 21 cu. ft. per minute blower. The air is ex-
hausted through two 3-inch diameter circular 
openings over the tubes in the top cover. To 
maintain the shielding intact, these are covered 
with perforated aluminum. 
A Barker and Williamson Model 850 band-

switching pi-tank inductor is used in the output 
circuit. It is tuned by a vacuum variable ca-

pacitor operated through the counter dial (Groth 
TC-3) shown in the panel view 

Circuit Details 

The circuit, Fig. 6-78, is electrically the more-
or-less standard arrangement of a parallel-tuned 
grid circuit and a pi-net work output circuit. The 
amplifier is neutralized by the capacitive bridge 
method. A filament transformer is included, but 
all other voltages come from external supplies. 
The grid input circuit of the amplifier uses a 

slightly modified B& \\ t urret assembly. The grid 
coils are tuned by a 75-f. variable. The 20-, 15-, 
and 10-meter coils each must have a few turns re-
moved for proper grid tuning on these bands. 
The circuit includes a 2000-ohm grid leak and 

has provisions for external bias, which should be 
used in combination with the leak. The bypass 
capacitors on the screen leads all carry a rating 
of 1600 volts. This rating is nevessary to avoid 
capacitor breakdowns when operating the am-
plifier screens at their r:tt ed voltages for ABI 
operation, and also with plate-modulated Class C 
operation where t lue 600-volt rating of the smaller 
ceramic capacitors would be exceeded on modu-
lation peaks. All of the 0.001- and 0.003-µf, ca-
pacitors are the disk type, and aside from the 
screen bypasses are used mainly for filtering 
TV harmonics from the supply leads. 
The bypass capacitors in the high-voltage lead 

Fig. 6-77—A 1- kw, final using a pair of 4-250-A's in parallel. 



1-Kw. Amplifier 

TURRET 
'400,4 
oid 

5PST 

7 0 

1400V 

1 LIN 

0-100 MA 
ooiT 

.001 

BIAS 
Fig. 6-78—Circuit diagram of the 4-250A amplifier. 
Bi—Blower-motor assembly, 21 c.f.m. (Ripley model 

8433). 
C1-75-1.4. variable, receiving spacing (Millen 19075). 
C2-7-µeif. neutralizing capacitor (Cardwell type ADN). 
C3-300.14,f. vacuum variable (Jennings type UCS). 
C4-1500-gpf. varia ble (Cardwe I I type 8013). 
C5-220-µpf. mica or NPO ceramic. 

12—Coax receptacle, chassis mounting. 
Li—Turret assembly (B&W BTEL with 14-, 21-, and 

28-Mc, coils modified by removing turns). 
3.5 Mc.: 39 turns No. 22, 1% inches diam., 1% 
inches long, link 3 turns No. 18. 
7 Mc.: 20 turns No. 20, 1% inches diem., 1W 
inches long, link 3 turns No. 18. 

are the TV high-voltage ceramic type, as is also 
the blocking capacitor in the tank circuit. The 
loading capacitor, C4, in the output circuit of the 
amplifier is a variable having enough range 
(1500 µed. total capacitance) to give adequate 
loading on 80 through 10 meters when working 
into a 52- or 75-ohm resistive load. 

Plate current is metered by a 0-1 ammeter 
shunted across a resistor in the negative high-
voltage lead. As shown in Fig. 6-78, this resistor 
is incorporated in the power supply, not in the 
amplifier unit. A 50-watt rating represents an 
ample safety factor, since the power dissipated 
would not exceed a few watts should the am-
meter open up. 

Separate milliammeters are provided for the 
grid and screen circuits. The screen meter is 
quite essential since the screen current, and 
hence screen dissipation, is very sensitive to grid 
driving voltage and plate tuning. 

Layout Details 

Fig. 6-79 is a view looking into the amplifier 
with the top cover removed. The variable capaci-

12 500/1044 

6---1114 1  

0-250 MA 

o 
SCREEN +Hy 
14 Mc.: 8 turns No. 18, 1% inches diam., 34 
inch long, link 2 turns No. 18. 
21 Mc.: 4 turns No. 16, 1% inches diam., 1/2 
inch long, link 1 turn No. 18. 
28 Mc.: 21/2 turns No. 16, 1% inches diam., 1/2 
inch long, link 1 turn No. 18. 

to—V.h.f. parasitic suppressor, 4 turns No. 12, % inch 
dia., turns spaced wire diameter. 

1.3—Pi-tank inductor (B&W Model 850). Inductances as 
follows: 3.5 Mc., 13.5 ph.; 7 Mc., 6.5 µh.; 14 Mc. 
1.75 ;£.; 21 Mc., 1 µh.; 28 Mc., 0.8 µh. 

RFCt —National type R1 75A r.f. choke. 
RFC2-2-µph. 500-ma. r.f. choke (National type R-60). 
RFC3-2.5-mh. r.f. choke. 
Ti —Filament transformer, 5 volts, 29 amp. (Thordarson 

T-21F07-A). 

tor at the right is the output loading control, C4. 
To the left of C4 is the Model 850 inductor unit. 
Immediately to the rear (below, in the photo-
graph) of the inductor is the output lead, con-
nected to a coaxial receptacle mounted on the 
rear cover. The vacuum variable, C3, is mounted 
between the inductor and the 4-250As. It is sup-
ported by an aluminum bracket 6 inches high 
and 4 inches wide. The neutralizing capacitor 
C2 is between the 4-250As and the front panel. 
The grid turret and tuning capacitor are 

mounted underneath the chassis to take advan-
tage of the shielding afforded thereby. To fit 
under the chassis the turret is mounted with 
the switch shaft vertical, necessitating a right-
angle drive to the panel control. The shaft ap-
proaches the panel at an angle, so a flexible 
coupling of the ball type (Millen 39001) is used 
between the shaft and panel bearing. 
The meters are in a separate enclosure measur-

ing 11 X3 X 3-inches. It is mounted to the front 
of the box by countersunk flat-head screws. The 
top lips of the meter box are drilled to take sheet-
metal screws when the lid is in place. 

+NV 

BLEEDER 
DETAILS 

(IN POWER NV 

SUPPLY) 
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Fig 6-79 (above) Fig. 6-80 (below) 
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Fig. 6-81 

Connections to the tube plates and neutralizing 
capacitor are mai h' from flexible brass strip 
inch wide. A pieue of %-ineh wide brass strip is 
used for the vonneet ion bet wee!' the stator termi-
nal of the vaeuum %Itri:ulule and the tank indue-
tor. The bliwking capacitor is mounted on this 
strip. 

Fig. 6-80 shows the amplifier with the top and 
back panels remove:I. The blower assembly is 
mounted on the rear chassis wall. To the right of 
the motor is the high-voltage terminal, the 115-
volt connector, the grid and sereen terminals, 
and the high-voltage negative conneetor. Leads 
from these last three terminals run belinv chassis 
in shielded wilt' and then up to the meter box. 
These leads are visilde in front of the loading 
capacitor. Br 'liben 8885 shielded \yin. is used for 
the leads. The inner conduet or is hypaSSed to the 
shield braid at each encl. The 2.5-mh. " safety" 
choke, ¡U-'C3, shunting the output end of the pi 
network is mounted on t hack of the tank coil 
between the output leaul and ellassis ground. 
The isolantite feedthrough insulator to the left 

of the inductor is used to bring the high voltage 
through the chassis. Adjacelit to it is the bypass 
at the bottom cd the plate choke, liFei. 

NI:diluting details of the right-angle drive as-
seinhly for switehing the grid t' ¡ ti are (4early 
visible in Fig. 6-81. A l squaw 1.oil 
inches long is drilled and tapped at, both ends to 
support the drive. 

The sockets for the -1-250.1s are mounted on 
one-inch isolantite pillars. The screen anul fila-
ment terminals ate bypassed direetly :0 the sm.-
ket terminals. The grid terminals on the soekets 
face each ot her, and :u small ici It is used 
to bring the grid lead up through the 'hassis. 

Fig. 6-82 is a bottom view of the amplifier and 
Fig. 6-83 is a close-up view of the grid circuit. A 
short length of HI l-58 1." is used to mimed ./1 on 
the rear ebassis wall to t he link terminals on the 
turret assembly. The high-voltage lead is filtered 
by the 5t t0-jamf. ceramie bypass and /1"FC2. These 
two components are visible on the inside of the 
rear wall above the blower assembly. Two-
terminal tie-points are used for the a.e. connec-
tions to the filament transformer and blower 
motor. Shielded leads :LW HSU(' WIPII the tie-
points mud the 115-volt vonneetor. 

Fig. 6-83 shows t he grid-circuit wiring in a bit 
more detail, mirticularly the grid ehoke, grid 
resistor and C5 CIUSiVI'Vd just above the tuning 
ea iat-it or. The modifications to the 10- and 15-
meter mils also are somewhat more easily seen 
in this photograph. 

Adjustment and Operating Data 

The tunplifier should be ne:dralized with the 
plate and screen supply leads > lis>'> nneeled and 
the bandswitch set to 28 1\fe. An indieat hug wave 
meter should be coupled to the tuulk eirenit and 
drive applied to the amplifier. Resonate t lie grid 
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and plate tanks and adjust the neutralizing 
eapaeitor for minimum if. in the tank circuit as 
indicated by the wave niefi.r. The same neu-
tralizing adjustment should hold for all iiands. 
)ont attempt to neutralize iiith the plate and 

sereen supply leads connected i.e., with a 
complete Virellit for d.e. — because even with the 
power turned off this permits electrons to flow 
from the c'atliode to the plate and screen, and 
r.f. will be present that vannot he neutralized 
out. 

parti,i, iv choke will, in general, resonate 
the plate lead in one of the low v.h.f. TV chan-
nels, :old will it to increase harmonic output 
in that channel. Measure the resonant frequency 
of the plate lead at 1, with a grid-dip meter, and 
if it is in one of the channels received in your 
locality, either pull the turns apart, or squeeze 
them together to move the frequenry to an un-
used channel. Any frequein.y from 70 to 100 Mc. 
should be sat isfar fury. 

Power Supply 

For I kw. input, a plate voltage of at least 2000 
is required. Screen voltage is gfhtained preferably 
from a separate -100-volt supply. For Class C 
operation, an external bias supply regulated by 
a Vit-1511, plus a grid leak of 2000 ohms is recom-
mended. With this combinatim. the grid current 
should he 25 ma. Screen current should be about 
60 ma, with the amplifier fully loaded. 
Some sort of r.f. outinit indicator, such as a 

Fig. 6-82 

Fig. 6-83 

vot or r.f. ammeter in the 
feed hit,, S11011111 tuning. It is preferable 
to fio " he preliminary timing with the plate 
voltage applied to the tithes hut with the screen 
voltage at lelo. Z('11) SI .11.1.11 t lit , 

Si .11.1 .11 circuit is vomplele, will give enough 
output for tuning adjastments. r2 and are 
adjusted to give maximum out put, and t a. screen 
voltage is then inereased until the anip.ilier iS 
running at the desired input. C3 is of vourse 
11111,1 for the plate-eurrent clip so that tile am-

tank is kept tuned to resoluou 
T1:e fixed values of inductance a%-ail,ible in the 

B&NV unit preclude the possibility of matelaing 
over a %vidc‘ range of impedances. The t ircuit 

can hamlle an s.w.r, in the ('' tax line of 
abot,t 2 to I, hut with higher s.w.r. 
values i nay not be possible to get the 
desired io.iding. Also, although the iani-
struetio.i is such that the amplifier is 
"clean' . i•isorar as clirect radial ion ant: 
leakage of harmonics in the TV bands 

.1' t')) low-pass filter 
will he required in most install:it itms. A 
low s.w.r. in t W 
requireimtit if excessive build-up 
currents r voltages iii Hier is to 1,1 
avoided. If t line cannot is• matched 
at the antenna, an aux liary ;wham:, 
coupler will have to he 

Fer plate modulatioll elloke roi: 
may lie ronneeted in t s,reeti lead 
so the se,een N-oltage n ill follow the 
audio variations in plate voltage. l'he 
choke s'muld have an indu ' tamp of 
:thew 10 henrys, and must Is. Vapablit 

of ca 'Tying 125 ma. 'lass AIIm 
operation on single side hand t eircuit 
may be kit int act, the only requiroment 
being to si.pply t he proper ofierating 
voltages from suit ahhi- '.vell-regWated 
supplies. I: tite aniplif.ler is to lie 
operated " a .1Il2 on s.s.h, the frrid-leak 
resistor should lie short .'d out; also, 
suitable loading should be applied to 
the grid tank to maintain good regula-
tion. of t he r. f. driving voltage. 

(From QS7', June, 1956.) 



A V.F.O. 

A V.F.O. With Differential Keyer 

Figs. 6-84 through 6-88 show a v.f.o. with 
output on either 3.5 or 7 Me. Included is a 
differet:tial system for keying tht, control grid 
of an amplifier. The diagram is shown in Fig. 
6-86. ( hie section of a 12.1'1'7 is used in the Vackar 
oscillator circuit, while the second sect i011 

used as a cathode follower driving a 5763 ampli-
fier/doubler. Si selects either of two frequency 
ranges :;.5 to 4 Mc. for use in the 80-meter 
band, and 3.5 to 3.65 Mc. for multiplying to the 
higher-frequency bands. If only the first range is 
desired. (.1 and (.3 may 1)e omitted aad tile stators 
of (.2 ami C; connected to the junction / a ( and 
LI. If both li.5- and 7-Mc. output is desired, the 
two coils can be put on a switch section ganged to 

To avoid chirp and permit full break-in c.w. 
operation, a differentM1 keying system is used. 
(lrid-ldock keying of an tunplifier stage beyond 
the v.f.o. unit is provided by the negative power 
supply (6X5 rectifier), the 470k resistor, the 
33h: resistor Ri. and the 0.1-,4f. capacitor C4. 
The 6.15 eat hode follower and the 0.12 (.on t rol the 
oscillator. .1 complete description of the circuit 
operation will be found in t'llapter Eight. Open-
ing S2 turns on the oscillator for " frequency 
spotting" purposes. 

Construction 

The unit is built on a 7 X 12 X 2-inch alumi-
num chassis that Vill fit inside an 8 X 14 1, X 
8I 4.-inelt cabinet ( Bud ('- 1747). The panel is 
8 by 12 inches and the dial is a Millen 10035. 
Before mtaniting the components, it is advisable 
to stiffen the (• hassis against vibration by fasten-
ing two lengths of aluminum angle stock run-
ning lengthwise against the under surface of the 

Fig. 6-84—The v.f.o. unit mounted in its cabinet. Holes 
are drilled in the dial cover to accommodate the switch 
shafts. At the right, a poker chip has been cemented to the 
v.f.o. set push-button switch so that it can be operated 

while tuning the v.f.o.; this makes frequency-
spotting a one-handed operation. 

chassis. Several machine screws should be used 
with each. 
The v.f.o. tuned-circuit emnponents are en-

closed in a 4 X 5 X 6-inch alumin 11111 box. This 
should also be stiffened with kngths of angle 
stock, one strip running under the top of the 
liox, and one externally along each of the side 
covers. 
The coil is supported on 21.l-ineh ceramic 

pillars ( Millen 31002). The tuning capacitor (-4 
is elevaied above the bottom of the box 011 an 
aluminum bracket so that its shaft will line up 
with the dial. The band spread switch Si is 
mounted in the bottom of the box, to the 
rear of the coil, with its shaft vertical. The 
shaft is controlled from the panel by means of 
a National II.11) right-angle drive and a " uni-
versal-joint" type shalt coupler (Millen 39001), 
as shown ill the bottom-view photograph. 
The three trimmer capacitors are mounted in 

the top of the box. C3 is submounted so that its 
shaft, which is at high r.f, potential, will not 
protrude from the box. It is adjusted ivith an 
insulated screwdriver through a hole in the top 
of the box. C4 is an air trimmer used here as a 
fixetl e:tlitteitor. It is motintml on a bracket fas-
tened to the bottom of the box, under the coil, 
and set at maximum capacitance. 

Tl ii. I ox should b, placed on the chassis so 
that an extension of the shaft of the tuning ea-
pacitor will line up with the dial. This places 
the box somewhat off center. 

Power-supply components are mounted at 
the left-hand end of the chassis as viewed from 
the rear. The power transformer, plate and bias 
rectifiers, voltage-regulator tubes and filter choke 
L5 are placed on the top side of the chassis. The 

Fig. 6-85—Rear view of the v.f.o. unit. Power-supply 
components are to the left of the tuned-circuit compart-
ment, and r.f. and 6J5 tubes to the right. The three screws 
along the center line of the box are used to fasten a stif-

fening strip of angle stock inside. Similar strips 
should be fastened against the side covers. 
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V. E 0. 

3.5M, 'IA 

002 

C. 5 

115 VA C 

S.M , .'altVER MICA 

MICA 

NO , SPECIFIED.ANI 

2 

Fig. 6-86—Circuit diagram of the v.f.o., with its power supply and the keying system. Except as otherwise indicated, fixed 
resistors are 1/2  watt, capacitances are in µbd., resistances are in ohms. Capacitors marked with polarity are electrolytic. 

Ion 
50,1,0 

12A - 7 5763 

6J5 

CATH. FOL. 

6J5 

Ci, C2-75-1.4. variable (Hammarlund APC-75). 

C1-100-pilf. variable (Hammarlund APC-100). 

C1-25-,umf. variable ( Millen 20025). 

(Hammarlund APC-50); see text. 

C,,-0.1-µf. 600-v. tubular, part of shaping circuit. 
Mounted in amplifier. 

Ji —Coax connectors, chassis mounting. 

14-30 turns No. 16, 13/4  inch diameter, 10 turns/inch 
(Airdux 14101). 

Mc.-72 turns No. 22 enam., close-wound on 
Ye" diameter slug-tuned form (Waters GSA-
1012-1-WH). 

12417 
VIA 

AMPLIFIER 

5773 

'53 
R, 
33K 

0101( 

+300 

6 

KEYED 
AMPLIFIER 
GRID 

+150 +300 

7 Mc.-40 turns No. 22 close-wound on same 
form as above; 5-turn link. 

13-10 turns, wound on cold end of, but insulatea from, 12. 
Li — 10 hy., 50 ma. (Triad C- 3X). 
15, Le- 12 hy., 75 ma. (Triad C- 5X). 
R1-33,000 ohms, part of shaping circuit. Mounted in 

amplifier. 
Si—Miniature rotary, 2- position ( Centralab PA- 2001). 
S2— Normally- closed push-button switch ( Switchcraft 1002 

modified with a longer shaft so as to extend 
through the main cliJI housing). 

T1-700 v. c.t., 90 ma.; 5 v., 3 amp.; 6.3 v., 3.5 amp. 
(Triad R- 1 1A). 

1.2 — 6. 3 - y . 0.6-ampere filament transformer. 
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Fig. 6-87—The v.f.o. coil is mounted on ceramic pillars. The tuning capacitor Ci can be seen behind the rear pair of 
insulators. The air capacitor C-, is partially hidden by the 1000-µgf. silver mica capacitor below the coil. No. 14 wire is 

used between the switch and the coil and capac:tors. In the foreground, transformer 
and tubes have been removed to show the adjusting screw of L2. 

bias filter choke, the plate filter choke L6 and 
the filter capavitors are unduneath. /4 mounts 
with the same screws used for mounting 1.5 
above. Several !£-inch holes should be drilled 
in the chassis in the vicinity of the power-supply 
components to help ventilate the under side of 

the chassis. 
The v.f.o./cathode follower, amplifier and 

6J5 tubes and their associated circuit components 
are at the left hand end of the chassis. The v.f.o. 
tube is close to the panel, followed by the 5763 
amplifier, 7'2 and 635 cathode follower. The slug-

r 
Fig. 6- 88—Bottom view of the v.f.o. unit. The right-angle drive, right of center, drives the band-spread switch Si. The small 

sections of aluminum angle stock are stiffeners added after the components 
were mounted. The method suggested in the text is preferable. 
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tuned coil 1.2 is mounted alongside the 5763. 
It can he adjusted from the top of the chassis. 

Along the rear edge of the chassis are a con-
nector for the a.c. lira.. connectors for connecting 
a remote switch in parallel with S2, for the key, 
for the keyed amplifier grid, and a coaxial con-
nector for r.f. output. 

Large rectangular ventilating holes are cut in 
the lid of the cabinet and then backed with 
patches of Reynolds perforated aluminum. If this 
detail is omitted, the temperature rise of the unit 
may cause considerable frequency drift. 

Adjustment 

In adjusting the v.f.o. frequency ranges, first 
set Si to the 80-meter position. With the dial set 
at zero (('4 at maximum capacitance) adjust C2 
for a signal at 3500 kc. on a calibrated receiver. 
Then, with the dial of the v.f.o. set at the upper 
region of the scale, the signal should be heard at 
4000 kc. If it is impossible to reach 4000 kc. with 

the v.f.o., the coil should be trimmed a part of 
a turn at a time. 

In adjusting the second range (3500 to 3650 
kc.), turn S1 to the 7 — 28-Me. position. Set C3 
temporarily at about half capacitance. Then, 
with the v.f.o. dial set at zero, adjust C4 until a 
signal is heard at 3500 kc. Then check the v.f.o. 
frequency at the upper end of the dial. If the 
range does not go up to 3650 kc., C3 should be 
increased a little and C4 decreased to bring 3500 
kc. at zero on the dial. If the tuning range goes 
above 3650 Ice., C3 should be decreased, and CI 
increased. A few trial settings should yield the 
correct range. The only other adjustment of the 
r.f. circuit is resonating the slug-tuned output 
coil. If set in the center of the tuning range, out-
put should be reasonably constant over the entire 
range. 

Adjustment of the keying circuit shoutd be in 
accordance with the factors mentioned in Chapter 
Eight in connection with grid-block keying. 

THE VACKAR VFO CIRCUIT 

The Vackar variable-frequency oscillator appears to have 
some advantages over the usual Clapp circuit. , In the latter, 
the output amplitude varies greatly with frequency. In the 
Vackar circuit, the output varies only a little with fre-
quency. The useful frequency range of the Clapp circuit is 
about 1.2 to 1; in the Vackar it is about 2.5 to I. The first 
of these advantages should be of interest to amateurs. 
My friend and colleague, Mr. James B. Ricks, W9TO, 

has pointed out that the 6A(17 is not the best tube to use 
for a series-tuned VFO; indeed the several papers originally 
describing these circuits invariably show triodes. The best 
tube is that one which has the lowest ratio of change of 
input capacitance to its mutual conductance. The operating 
mutual conductance for the cathode, control grid, and screen 
grid of a 6AG7 (as typically used as an oscillator) is low, 
despite its high value for the normal grid-to-plate circuitry. 
Also, it has a high input capacitance and high heater and 
plate power inputs. In consequence, this tube is not ideal for 
the purpose. 
A small dual triode, the 12AT7, offers higher oscillator 

gr,, in one triode section, lower input capacitance, and 
about one third the heater and plate power inputs required 
by the 6AG7. In consequence, it is a superior tube for series-
tuned oseillators. The output voltage m ill be lower for the 
12AT7, naturally, but a tube should not be evaluated for 
VFO use on the basis of power output. 
W9TO has adapted the Vackar circuit to an amateur VFO 

with output on 80 meters using the 12AT7 in the circuit of 
Fig. 6-89. The first triode unit and its associated components 
form the oscillator proper; the other triode unit is a cathode 
follower which reduces loading effects on the oscillator fre-
quency. Two of these N.F0 units louve been made and tested; 
their frequeney stability is excellent, and they key well. The 
output r.f. was measured as 1.2 volts rams, using a General 
Radio v.t.v.m. The total current from the 255-volt regu-
lated B supply was 16 ma., key down. 

In series-tuned oscillators of the Clapp or Varkat type 
the eliaraeteristics of the series capacitor C. are critical if 
the oscillator is to be keyed. An annoying chirp, slight but 
detectable, was finally traced to imperfection of this ca-
pacitor, even though it was a low temperature coefficient 
silvered nuca one. Several silvered micas of good make were 
tried; they all produced slight chirp, some less than others. 
A so-called zero temperature coefficient (NPO) ceramic 
capacitor gave less chirp (very little, in fact), but the chirp 
was eliminated by using an APC air trimmer for C.. Appar-
ently,  there is enough r.f. current through C. to cause di-

' Clapp, J. K., " Frequency Stable LC Oscillators," 
Proc. of the I.R.E., Aug., 1954, Vol. 42, No. 8, page 1295. 

_L ci ICS 50 .001 00 
Cy 50 

Li 25,01 C2 .001 
100K 
.001 

RFC-2.5IAH 001 
'I.--

Kl Y 

C. loO 
220 2C5?) 470 

+225 REG 

R
 F
 
O
U
T
P
U
T
 

Fig. 6-89—Vackar series-tuned v.f.o. circuit at W9TO. The 
tube is a 1 2AT7 dual triode. R.f. output from the cathode. 

follower second section is 1.2 volts r.m.s. 

C1, C2 — Silver mica. 

C2, C4, C5—Mica 
C —APC air variable. 
Other capacitors are chromic. 

electric heating and a small resulting change in capacity 
even in these high-grade capacitors. This was confirmed 
indirectly by using for C. a negative temperature coefficient 
(N750) ceramic capacitor. The chirp was tremendous! 
Of course, the series capacitor is not the only passible 

cause of chirp; poor plate v,Jtage regulation or a long time 
constant in the keying rirrurit might aLso contribute. To 
avoid this, the plate supply should be regulated, and series 
resistances and shunt eapacitances in the keying circuit 
should be kept to a minintitin.2 
The circuit shown will key cleanly without chirp; with 

the constants shown it will be somewhat elicky, dire to 
turning on and off rapidly; this makes it very desirable 
for use in a differential keying system in whielt the oscillator 
is turned on before the amplifier. and the amplifier is turned 
off before the oscillator. — 1V9Iti 

The chirp di,ussed in the preceding paragraph evi-
dently is a slow , ine attributable to temperature effects. 
A chirp of the " dynamic" type often manifests itself as a 
click when the time constant of the keying circuit is very 
short, becoming ol.servable as a chirp when key-thump 
elimination methods are used. — ED. 

This material originally appeared in QST for November, 
1955. — ED. 
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Converting Surplus Transmitters for Novice Use 

War-surplus radio equipnkent, available in 
many radio stores, is a good source of radio parts. 
Some of the transmitters and receivers can be 
made to operate in the amateur bands with little 
or no modification. It would be hard to find a 
more economical way for a Novice to get started 
on 40 or SO meters than by adapting a normally-
v.f.o.-controlled surplus " Command Set" to 
cryst al control. 
The "Command Sets" are parts of the SCR-

274N and AN/ARC-5 equipments, transmitters 
and receivers designed for use in military aircraft. 
The two series are substantially identical in cir-
cuit and construction. Of the transmitters, two 
are of particular interest to the Novice. These 
are the BC-696 (part of 274N) or T19 (ARC-5) 
covering 3 to 4 Mc., and the BC-459 or T22, 
7 to 9.1 Mc. The transmitter circuit consists of a 
1626 triode variable-frequency oscillator that 
drives a pair of 1625s in parallel, which for Novice 
use can be run at 75 watts input. In addition to 
the 1626 and 1625s the transmitters include a 
1629 magic-eye tube, which was used as a reso-
nance indicator with a crystal for checking the 
dial calibration. The tubes have 12-volt heaters 
connected in series-parallel for 24-volt battery 
operation. The BC-696 and 459 are available 
from surplus dealers at prices ranging from five to 
fifteen dollars each, depending on condition. 

Several methods have been described for con-
verting the transmitters to crystal control for 
Novice use, but most of them didn't take into 
consideration the reconversion required to change 
back to v.f.o. when the Novice became a Gen-
eral-Class license holder. 

In the modification to be described, the Novice 
requirement for crystal control is met by using 
a separate crystal-controlled oscillator. The out-
put of the external oscillator is fed into the trans-
mitter through a plug that fits into the 1626 
oscillator socket. The 1626 is not used. The trans-
mitter modifications are such that when it is 
desired to restore the transmitter to v.f.o. opera-
tion the external oscillator is unplugged and the 
1626 is put back in its socket. No wiring changes 
are needed to go from crystal control to v.f.o. 

In addition to the external oscillator, a power 
supply is required for the oscillator and trans-
mitter (Fig. 6-90), and certain wiring changes are 

Fig. 6-90—The complete Novice setup, in this case using 
the 80-meter (8C-457) transmitter. Note the key jack at 
the lower-left corner of the transmitter panel. The crystal 
oscillator is connected to the transmitter oscillator-tube 
socket with a short length of cable terminating in an octal 
plug. A small notch should be cut in the transmitter cover to 
provide clearance for the cable when the cover is installed. 

The power transformer, rectifier, and choke are mounted 
on top of the power-supply chassis at the rear, and the 
control switches are mounted on the wall as shown. 

Remaining components are underneath. 

needed to make the trati,:inil ter itself suitable for 
amateur use. These changes consist primarily of 
removing two relays, changing the tube heater 
circuit for operation on 12 volts instead of 24 
volts, and the addition of a power plug. 

Transmitter Modifications 

The 80- and 40-meter transmitters are prac-
tically identical except for frequency range, and 
the modifications are the same in both. Remove 
the top cover and bottom plate. Remove the 
tubes and crystal from their sockets so there will 
be no danger of breaking them as you work on 
the transmitter. If the sockets are not marked 
by tube types, mark them yourself so you'll know 
which tube goes where. 
The following modifications are required: 
1) Remove the antenna relay (front panel) and 

control relay (side of chassis) and unsolder and 
remove all wires that were connected to the relays 
with the exception of the wire going to Pin 4 
on the oscillator socket. 

2) Remove the wire-wound resistor mounted 
on the rear wall of the transmitter. 

3) Unsolder the wire from Pin 7 of the 1629 
socket and move it to Pin 2. Ground Pin 7. 

4) Unsolder the wires from Pin 1 of the 1625 
closest to the drive shaft for the variable capaci-
tors and solder the wires to Pin 7. Run a lead 
from the same Pin 1 to the nearest chassis ground. 

5) Unsolder all leads from the power socket 
at the rear of the chassis and remove the socket. 
The socket can be pried off with a screwdriver. 

6) Unsolder the end of the 20-ohm resistor 
(red-black-black) that is connected to Pin 4 on 
the oscillator socket and connect it to Pin 6 
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of the calibration crystal socket. There is also a 
lead on Pin 4 that was connected to the keying 
relay; connect this lead to the nearest chassis 
ground point. 

7) Mount an octal socket (Amphenol 78-RS8) 
in the hole formerly occupied by the power socket. 
Install a solder lug under one of the nuts holding 
the socket mounting. 

8) Wire the octal socket as shown in Fig. 6-91. 
(hie of the leads unsoldered from the original 
power socket is red with a white tracer. This is the 
13+ lead for the 1625s. The yellow lead is the 
screen lead for the 1625s and the white lead is 
the heater lead. Although the manuals covering 
this equipment specify these colors, it's safer 
not to take them for granted; check where each 
lead actually goes before connecting it to the new 
power socket. The lead from Pin 1 on the power 
socket to Pin 6 on the calibration-crystal socket is 
the oscillator plate-voltage lead. The leads from 
Pins 7 and 8 on the power plug to Pins 1 and 6 on 
the oscillator socket are new leads to carry power 
to the external crystal-controlle(l oscillator. The 
lead from Pin 4 of the power socket to l'in 2 on 
the 1629 (resonance indicator) socket is the 12-
volt heater lead. 

9) Mount a closed-circuit phone jack at the 
lower left-hand corner of the front panel. Con-
nect a lead from the ungrounded phone jack ter-
minal to Pin 6 (cathode) of either of the 1625 
sockets. This completes the modification. 

Crystal- Controlled Oscillator Details 

The external crystal-controlled oscillator cir-
cuit, shown in Fig. 6-92, uses a 62107 in the grid-
plate oscillator circuit. Either 80- or 40-meter 
crystals are required, depending on the band in 
use, A tuned plate circuit is not required in the 

115 V. A.C. 

POWER 

ON 

SI 

oscillator; it was found that more than adequate 
grid drive could be obtained with the setup as 
shown. 
Output from the oscillator is fed to the trans-

mitter through an 8-inch length of RG-58 coax 
cable. The cable is terminated in an octal plug, 
P2, which is plugged into the oscillator tube 
socket in the transmitter. l'ower for the external 
oscillator is obtained through this socket. 
The crystal-controlled oscillator is built in 

and on a 4 X 2 X 23%-inch aluminum box. The 
tube and crystal sockets are mounted on top 
of the box and the remaining components inside. 
Layout of parts is not particularly critical but the 
general arrangement shown in Figs. 6-90 and 6-93 
should be followed to insure good results. 

In the completed setup, oscillator and ampli-
fier, the cathodes of the 1625s are keyed and the 
crystal oscillator runs continuously (luring trans-
missions. It is thus necessary to turn the oscilla-
tor off during standby periods, and t his is accom-
plished by opening the B-plus switch on the 
power supply. This method is used in preference 
to keying the oscillator and amplifier simultane-
ously because keying the useillator is likely to 
make the signal chirpy. With amplifier keying 
the signal is a real T9X. 

Power Supply 

Fig. 6-91 shows the circuit of the power supply, 
which uses a 5U4G rectifier and a capacitor-
input filter. The power transformer, 7'1, is a type 
made by several manufacturers. To obtain the 
necessary 12.6 volts for the heaters, a 6.3-volt 
filament transformer is connected in series with 
the 6.3-volt winding on Ts. This setup also will 
provide 6.3 volts for the heater of the 6AG7. 
Current requirement for the 6AG7 heater is 0.65 
amp. and for the 1625s, 0.9 amp. total. 

5V. 

53 +e 

1-0 0—• 
EX .( SW. 

rt 

6.3V, 

5U4G 

LI INSERT METER 
HERE -.5 

TT 1  

+_G, C, +I 

\ tepf. 

600v. 

12.6 V. 

6 3 v 

6.3V. 

Fig. 6-91 — Circuit diagram of power socket and power supply. 

C1, C2-16-0., 600-volt electrolytic (Sprague TVA-I 965, 
Aerovox PRS). 

ii—Octal socket (Amphenol 78-RS8). 
Li — 1- to 2-hy., 200-ma. filter choke, TV replacement 

type (Stancor C2325 or C2327, or equivalent). 
Pi—Octal cable plug (Amphenol 86-PM8). 
Ri - 25,000 ohms, 25 watts, with slider. 
Si, 52 — Single-pole, single-throw toggle switch. 
T; —Power transformer, i00 volts center-tapped, 200 

ma.; 5 volts, 3 amp.; 6.3 volts, 6 amp. (Knight 
61G414, Triad R-21A, or equivalent). 

PIN 6, CRYSTAL SOCKET ( OSC. 84.). 
2 PIN 5 1625 SOCKET ( SCREEN). 

3   PLATE LEAD OF 16251 
4   PIN 2 1629 SOCKET ( 12.6 V.A.C.) 

5 CHASSIS GROUND. 

6 NO CONNECTION. 

7   PIN 6 1626 SOCKET ( 6.3 v.A.c.). 
e PIN 1 1626 SOCKET ( XTALOSC.13+). 

CONNECTIONS TO 
POWER SOCKET ON TRANSMITTER. 

3 

8 

4 

7 

5 

Ts —Filament transformer, 6.3 volts, 3 amp. (Triad F•16X. 
Knight 62-G-031, or equivalent). 
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Ci- 3-30- uf. trimmer. 
C2-220- if. fixed mica. 
Mi— O-250 d.c. milliammeter. 
P2—Octal plug, male (Amphenol 86-PM8). 

XTAL OSO 

6617 

1 ! OR 
70 Mc. 

100H 

5 

30 

C2 

22T 

61-58/O 

2 

éRFC, 
IN H 

7 

2211 
iw 

RFC2 
IrAH 

(A) 

DECIMAL VALUES OF CAPACITANCE ARE INe. 

OTHERS ARE INppl. EXCEPT AS INDICATED. 

0-250 

31  
( B) 

5 

4 

6 

P2 

TO 1626 

SOCKET IN 

%WM. 

Fig. 6-92—(Al Circuit diagram of external crystal-controlled oscillator. Unless otherwise specified, resistances are in ohms, 
resistors are 1/2  watt. The 0.01- and 0.001-ed. capacitors are disk ceramic. ( B) Method of connecting the milliammeter 

in series with the key. 

Pa—Phone plug. 
RFC!, RFC2-1-mh. r.f. chokes. 
Y1-3.5- or 7-Mc. Novice- band crystal, as required. 

To turn off the plate voltages on the transmit-
ter during stand-by periods, the center tap of T1 
is opened. This can be done in two ways; by 82, 
or by a remotely-mounted switch whose leads 
are connected in parallel with 82. A two-terminal 
strip is mounted on the power-supply chassis, 
the terminals being connected to 82 which is also 
on the chassis. The remotely-mounted switch 
can be installed in any convenient location at the 
operating position. A single-pole, single-throw 
switch can be used for this purpose or, if desired, 
a multieontact switch can be used to perform 
simultaneously this and other .functions, such as 
controlling an antenna-changeover relay. 
The high-voltage and heater leads are brought 

out in a cable to an octal plug, P1, that connects 
to Ji on the transmitter. The length of the cable 
will, of course, depend on where you want to 
install the power supply. Some amateurs prefer 
to have the supply on the floor under the operat-
ing desk rather than have it take up room at 
the operating position. 
The supply shown here was constructed on a 

3 X6 X 10-inch chassis. The layout is not 
critical, nor are there any special precautions to 
take during construction other than to observe 
polarity in wiring the electrolytic capacitors and 
to see that the power leads are properly insulated. 
Never have P1 unplugged from J1 when the power 
supply is turned on; there is danger of electrical 
shock at several pins of P1. Interchanging the 
inserts of Pi and J1 will remove this hazard. 
When wiring P1 don't connect the B-plus 

lines to Pins 2 or 3, the amplifier plates and 
screens, at first. It is more convenient to test the 
oscillator without plate and screen voltages on 
the amplifier. 
When the supply is completed, check between 

chassis, ground and the 12.6-volt lead with an a.c. 
voltmeter to see if the two 6.3-volt windings are 
connected correctly. If you find that the voltage is 

zero, reverse one of the windings. If you don't 
have an a.c. meter you can check by observing 
the heaters in the 1625s. They will light up if you 
have the windings connected correctly. Inciden-
tally, leave B plus off, by opening 82, for this 
check. 

Next, set the slider on the bleeder resistor, RI, 
at about one-quarter of the total resistor length, 
measured from the B-plus end of the bleeder. 
Be sure to turn off the power when making this 
adjustment. With the tap set about one-quarter 
of the way from the B-plus end of the bleeder the 
oscillator plate and amplifier screen voltages will 
be approximately 250 volts. 

Testing the Transmitter 

A key and meter connected as shown in Fig. 
6-92 are needed for checking the transmitter. 
When P3 is plugged into the jack in the transmit-
ter it will measure the cathode current of the 
1625s. The cathode current is the sum of the 
plate, screen and control-grid currents. Some 
amateurs prefer to install the meter in the plate 
lead so it reads plate current only. This can be 
done by opening the B-plus line at the point 
marked " X" in Fig. 6-91, and inserting the 
meter in series with the line. However, unless 
more than one meter is available, don't install it 
in the power supply setup in this way until after 
the tests described below have been made. 

Insert the external oscillator plug, P2, into 
the 1626 socket and connect P1 to the trans-
mitter. Plug P1 into the key jack on the front 
panel of the transmitter. With 82 open, turn on 
the power and allow a minute or two for the 
tubes to warm up. Next, close the center-tap 
connection, 82, on the power transformer. Set, the 
transmitter dial to the same frequency as that of 
the crystal in use and close the key. A slight 
indication of grid current should show on the 
meter. There is no plate or screen current because 

217 



6 - HIGH-FREQUENCY TRANSMITTERS 
there are no screen or plate voltages on the am-
plifier. If no grid current is obtained, adjust C1 
to the point where grid current shows, or try 
another crystal. 
The next step is to peak the amplifier grid 

circuit — that is, the 1626 v.f.o. tank — for 
maximum grid-current reading. The v.f.o. trim-
mer capacitor is in an aluminum box on the 
top of the chassis at the rear. There is a 4inch 
diameter hole in the side of the box; loosen the 
small screw visible through this hole, thus un-
locking the rotor shaft of the trimmer capacitor. 
Move the rotor-arm shaft in either direction, 
observing the meter reading, and find the posi-
tion that gives the highest reading. This should be 
something more than 10 ma. 
Now connect the plate and screen voltage leads 

to Pi. Be sure to turn off the power supply before 
making the connections! 
The first test of the rig should be with a dummy 

load; a 115-volt, 60-watt light bulb can be used 
for this purpose. The lamp should be connected 
between the antenna terminal and chassis ground. 
However, to make the lamp take power it may 
be necessary to add capacitance in parallel with 
it. A receiving-type variable capacitor having 
250 Aii.tf. or more maximum capacitance will be 
adequate for the job. 
Turn on the power and allow the tubes to 

warm up, but leave the key open. Set the antenna 
coupling control on the transmitter to 7 or 8, 
and set the variable capacitor connected across 
the dummy load to about maximum capaci-
tance. Next, close the key and adjust the an-
tenna inductance control for an increase in 
cathode current. Turn the frequency control 
for a dip in current reading. The indicated fre-
quency will probably differ from that of the 
crystal in use, but don't worry about it. 

Adjust the three transmitter controls, antenna 
inductance, antenna coupling, and frequency, 
along with the variable capacitor across the lamp 
load, until the lamp lights up to apparently full 
brilliance. The cathode et ' meta should be between 
150 and 200 ma. With the transmitter fully 
loaded, adjust CI in the crystal oscillator so that 
the lamp brilliance just starts to decrease. This 
is the optimum setting for C1 and it can be left 
at this setting, no further adjustments being 
required. 

If a d.c. voltmeter is available, check the differ-
ent voltages in the setup. Using the power supply 

Fig. 6-93—This bottom view of the crystal oscillator shows 
the arrangement of components. Terminal strips are used 

for the cable connections and also as a support 
for Ci, the feedback capacitor. 

shown here, the plate voltage on the 1625s is 
approximately 400 with the amplifier fully loaded. 
With the plate voltage on the oscillator and 
screen voltage on the 1625s adjusted to 250 volts 
(tap on Rs), the oscillator screen voltage is 160 
volts. The oscillator takes approximately 30 ma. 
and the 1625 amplifier screens about 10 ma. when 
the amplifier is fully loaded. 

Getting on the Air 

To put the transmitter on the air it is necessary 
only to connect ass antenna to the antenna post 
and connect a ground lead from the transmitter 
chassis to a water-pipe ground or to a metal 
stake driven in the ground. Almost any length 
of antenna will work, but for best results the 
minimum length should not be less than about 

wavelength for the band in use. This is ap-
proximately 33 feet for 80 meters and 16 feet 
for 40 meters. It is of course better to make the 
antenna longer — and to be sure to get the far 
end as high as possible. 
An output indicator will prove to be a handy 

device for knowing when power is actually going 
into the antenna. For this purpose use a 6.3-volt, 
150-ma, dial lamp. Connect two leads, each about 
one foot long, to the shell and base of the bull), 
respectively. Clip one lead to the antenna post 
and the other lead on the antenna wire two feet 
from antenna post. A small amount of power 
will go through the bulb and this will provide a 
visual indication of output. Follow the same 
tuning procedure as outlined above for the 
dummy antenna. If the bulb gets so bright that it 
is in danger of burning out, move the leads closer 
together to reduce the pickup. 

It may be found that certain antenna lengths 
won't work — that is, the amplifier won't load — 
no matter where the antenna coupling and in-
ductance are set. In such a case, connect a varia-
ble capacitor — like the one used with the lamp 
dummy — between the antenna post and the 
transmitter chassis. Adjust the capacitor and 
antenna inductance for maximum brilliance of 
the output indicator; this will be the best set-
ting for the controls. 
A superior antenna system uses a two-wire 

feeder system and an antenna coupler; examples 
are given in Chapters 13 and 14. If a coupler is 
used, the transmitter and coupler should be con-
nected together with coax line. The inner con-
ductor of the coax should be connected to the 
antenna terminal and the outer braid to the 
transmitter case, as close to the antenna terminal 
as possible. If desired, the antenna terminal can 
be removed and a coax fitting substituted. 
When the coveted General Class ticket is ob-

tained, it is only necessary to unplug the crystal 
oscillator, put the original tube back in the rig, 
and move out of the Novice band. 



CHAPTER 7 

Power Supplies 
Essentially pure direct-current plate supply 

is required to prevent serious hum in the output 
of receivers, speech amplifiers, modulators and 
transmitters. In the ease of transmitters, pure 
d.c. plate supply is also dictated by government 
regulat ion. 
The filaments of tubes in a trans-

mitter or modulator usually may be 
operated from a.c. However, the 
filament power for tubes in a receiver 
(excepting power audio tubes), or 
those in a speech amplifier may be 
a.c. only if the tubes are of the indi-
rectly-heated-cathode type, if hum 
is to be avoided. 
Wherever commercial a.c. lines are 

available, high-voltage d.c. plate sup-
ply is most cheaply and conveniently 
obtained by the use of a transformer-
rectifier-filter system. An example of 
such a system is shown in Fig. 7-1. 

In this circuit, the plate trans-
former, T1, steps up the a.c. line voltage to the 
required high voltage. The a.c. is changed to 
pulsating d.c. by the rectifiers, V1 and 172. 

Pulsations in the d.c. appearing at the output 
of the rectifier (points A and B) are smoothed 
out by the filter composed of L1 and C1. R1 
is a bleeder resistor. Its chief function is to dis-
charge C1, as a safety measure, after the supply 
is turned off. By proper selection of value, R1 

115 V AC 

also helps to minimize changes in output voltage 
with changes in the amount of current drawn 
from the supply. T2 is a step-down transformer 
to provide filament voltage for the rectifier tubes. 
It must have sufficient insulation between the 

VI 
B 

Fig. 7-1—A typical 
transformer- rectifier-
filter system. In this in-
stance the circuit is 
that of a full-wave 
rectifier with a choke-

input filter. 

filament winding and the core and primary wind-
ing to withstand the peak value of the rectified 
voltage. T3 is a similar transformer to supply the 
filaments or heaters of the tubes in the equip-
ment operating from the supply. Frequently, 
these three transformers are combined in a single 
unit having a single 115-volt primary winding 
and the required three secondary windings on 
one core. 

Rectifier Circuits 

Half-Wave Rectifier 

Fig. 7-2 shows three rectifier circuits cover-
ing most of the common applications in ama-
teur equipment. Fig. 7-2A is the circuit of a 
half-wave rectifier. During that half of the 
a.c. cycle when the rectifier plate is positive 
with respect to the cathode (or filament), current 
will flow through the rectifier and load. But (lur-
ing the other half of the cycle, %Olen the plate is 
negative with respect to the cat linde, no current 
can flow. The shape of the outlast wave is shown 
in (A) at the right. It shows that the current 
always flows in the same direction but that the 
flow of current is not continuous and is pulsat-
ing in amplitude. 
The average output voltage — the voltage 

read by the usual d.c. voltmeter — with this 
circuit is 0.45 times the r.m.s. value of the a.e. 
voltage delivered by the transformer second-
ary. Because the frequency of the pulses in 
the output wave is relatively low (one pulsation 
per cycle), considerable filtering is required to 

provide adequately smooth d.c. output, and for 
t his reason this circuit is usually limited to ap-
plications where the current involved is small, 
such as in supplies for cathode-ray tubes and for 
protective bias in a transmitter. 

Another disadvantage of the half-wave recti-
fier circuit is that the transformer must have a 
considerably higher primary volt-ampere rat-
ing (approximately 40 per cent greater), for the 
same d.c. power output, than in other rectifier 
circuits. 

Full- Wave Center-Tap Rectifier 

The most universally used rectifier circuit is 
shown in Fig. 7-213. Being essentially an ar-
rangement in which the outputs of two half-
wave rectifiers are combined, it makes use of 
both halves of the a.c. cycle. A transformer 
with a center-tapped secondary is required with 
the circuit. When the plate of 171 is positive, cur-
rent flows through the load to the center tap. 
Current cannot flow through V2 because at this 
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instant its cathode (or fila-
ment 1 is Is msitive in respect to 
its plate. When the polarity 
reverses, V2 ( .01111111ls and cur-
rent again flows through the 
load to the venter-tap, this 
time through V. 
The average output volt-

age is 0.45 times the r.m.s. 
voltage of the entire trans-
former-secondary, or 0.9 times 
the voltage across half of the 
transformer secondary. For 
the same total secondary volt-
age, the average output volt-
age is the same as that deliv-
ered with a half-wave rectifier. 
However, as can be seen from 
the sketches of the output 
wave form in (B) to the right, 
the frequency of the output 
pulses is twice that of the 
half-wave rectifier. Therefore 
much less filtering is required. 
Since the rectifiers work alter-
nately, each handles half of 
the average load current. 
Therefore the load-current 
rating of each rectifier need 
be only half the total load cur-
rent drawn from the supply. 
Two separate transformers, 

with their primaries connected in parallel and 
secondaries connected in series (with the proper 
polarity) may be used in this circuit. How-
ever, if this substitution is made, the primary 
volt-ampere rating must be reduced to about 
40 per cent less than twice the rating of one 
transformer. 

Full- Wave Bridge Rectifier 

Another full-wave rectifier circuit is shown in 
Fig. 7-2C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. Over that portion of 
the cycle when the upper end of the trans-
former secondary is positive with respect to the 
other end, current flows through I71, through the 
load and thence through V2. During this period 
current cannot flow through rectifier V4 because 
its plate is negative with respect to its cathode 
(or filament). Over the other half of the cycle, 
current flows through V3, through the load and 
thence through Vg. Three filament transformers 
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EpEAK' 0. 7E Ams 
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EpEAK I . 4 E RFAS 
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OUTPUT WAVEFORMS 

Fig. 7-2—Fundamental vacuum-tube rectifier circuits. A—Half-wave. B—Full-
wave. C—Full-wave bridge. A.c.-input and pulsating-d.c. output wave forms are 
shown at the right. Output-voltage values indicated do not include rectifier drops. 

Other types of rectifiers may be substituted. 

are needed — one for I' m and l3 and one each 
for V2 and Vg. The output wave shape (C), to 
the right, is the same as that from the simple 
center-tap rectifier circuit. The output voltage 
obtainable with this circuit is 0.9 times the 
r.m.s. voltage delivered by the transformer 
secondary. For the same total transformer-
secondary voltage, the average output voltage 
when using the bridge rectifier will be twice 
that obtainable with the center-tap rectifier 
circuit. However, when comparing rectifier cir-
cuits for use with the same transformer, it should 
be remembered that the power which a given 
transformer will handle remains the same re-
gardless of the rectifier circuit used. If the out-
put voltage is doubled by substituting the 
bridge circuit for the center-tap rectifier circuit, 
only half the rated load current can be taken 
from the transformer without exceeding its 
normal rating. Each rectifier in a bridge circuit 
should have a minimum load-current rating of 
one half the total load current to be drawn from 
the supply. 

Rectifiers 
High-Vacuum Rectifiers 

High-vacuum rectifiers depend entirely upon 
the thermionic emission from a heated filament 
and are characterized by a relatively high 
internal resistance. For this reason, their applica-
tion usually is limited to low power, although 
there are a few types designed for medium and 
high power in cases where the relatively high 

internal voltage drop may be tolerated. This high 
internal resistance makes them less susceptible 
to damage from temporary overload and they are 
free from the bothersome electrical noise some-
times associated with other types of rectifiers. 
Some rectifiers of the high-vacuum full-wave 

type in the so-called receiver-tube class will 
handle up to 275 ma. at 400 to 500 volts d.c. out-
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put. Those in the higher-power class can be used 
to handle up to 500 ma. at 2000 volts d.c. in full-
wave circuits. Most low-power high-vacuum rec-
tifiers are produced in the full-wave type, while 
those for greater power are invariably of the half-
wave type, two tubes being required for a full-
wave rectifier circuit. A few of the lower-voltage 
types have indirectly heated cathodes, but are 
limited in henter-to-c:, t hode voltage rating. 

Mercury- Vapor Rectifiers 

The voltage drop through a mercury-vapor 
rectifier is practically constant at approximately 
15 volts regardless of the load current. For 
high power they have the advantage of cheap-
ness. Rectifiers of this type, however, have 
a tendency toward a type of oscillation which 
produces noise in nearby receivers, sometimes 
difficult to eliminate. R.f. filtering in the primary 
circuit and at the rectifier plates as well as 
shielding may be required. As with high-vacuum 
rectifiers, full-wave types are available in the 
lower-power ratings only. For higher power, two 
tubes are required in a full-wave circuit. 

Selenium and Other Semiconductor 
Rectifiers 

Selenium, germanium and silicon reel diets are 
finding increasing application in j)ower supplies 
for amateiir equipment. These units have the ad-
vantages of compactness, low internal voltage drop 
(about 5 volts per unit) and low operating temper-
ature. Also, no filament transformers are required. 

Individual units of all three types an. avail-
able with input ratings of 130 volts r.m.s. Se-
lenium units are rated at up to 1000 ma. or 
more d.c. load current: germanium units have 
ratings up to 400 ma., and silicon units up to 
500 ma. In full-wave circuits these load-current 
figures can be doubled. 
The extreme compactness of silicon types 

makes feasible the stacking of several units in 
series for higher voltages. Standard stacks are 
available that will handle up to 2000 volts r.m.s. 
input at a d.c. load current of 325 ma. Two of 
thus stacks in a full-wave circuit will handle 650 
ma., although they are comparatively expensive. 
Semiconductor rectifiers may be substituted 

in any of the basic circuits shown in Fig. 7-2, 
the terminal marked " +" or " cathode" eorre-
sponding to the filament connecti(m. Advantage 
may be taken of the voltage-mi il  q dying circuits 
discussed in a later section of this chapter in 
adapting rectifiers of this type. 

Rectifier Ratings 

Vacuum-tube rectifiers are subject to limita-
tions as to breakdown voltage and current-han-
dling capability. Some types are rated in terms of 
the maximum r.m.s. voltage which should be 
applied to the rectifier plate. This is sometimes 
dependent on whether a choke- or capacitive-
input filter is used. Others, particularly mercury-
vapor types, are rated according to maximum 
inverse peak voltage — the peak voltage between 
plate and cathode while the tube is not con-

ducting. In the circuits of Fig. 7-2, the inverse 
peak voltage across each rectifier is 1.4 times the 
r.m.s. value of the voltage delivered by the 
entire transformer secondary, except that if a 
capacitive-input filter is used with the half-
wave rectifier circuit of Fig. 7-2A, the multi-
plying factor becomes 2.8. 

All rectifier tubes are rated also as to maximum 
d.c. load current and many, in addition, carry 
peak-current ratings, all of which should be care-
fully observed to assure normal tube life. With a 
capacitive-input filter, the peak current may run 
several times the d.c. current, while with a choke-
input filter the peak value may not run more 
than twice the d.c. load current. 

Operation of Rectifiers 

In operating rectifiers requiring filament or 
cathode heating, eare should be taken to provide 
the correct filament voltage at the tube terminals. 
Low filament voltage can cause excessive voltage 
drop in high-vacuum rectifiers and a considerable 
reduction in the inverse peak-voltage rating of a 
mercury-vapor tube. Filament connections to the 
rectifier socket should be firmly soldered, partic-
ularly in the case of the larger mercury-vapor 
tubes whose filaments operate at low voltage Pnd 
high current. The socket should be selected vs 
care, not only a.s to contact surface but also as 
to insulation, since the filament usually is at full 
output voltage to ground. Bakelite sockets will 
serve at voltages up to 500 or so, but ceramic 
sockets, well spaced from the chassis, always 
should be used at the higher voltages. Special fila-
ment transformers with high-voltage insulation 
betwmi primary and secondary are required for 
rectifiers operating at potentials in excess of 1000 
volts inverse peak. 
The rectifier tubes should be placed in the 

equipment with adequate space surrounding them 
to provide for ventilation. When mercury-vapor 
tubes are first placed in service, and each time 
after the mercury has been disturbed, as by 
removal from the socket to a horizontal position, 
they should be run with filament voltage only for 
30 minutes before applying high voltage. After 

Fig. 7-3—Connecting mer-
cury-vapor rectifiers in par-
allel for heavier currents. 
R1 and R2 should have the 
same value, between 50 
and 100 ohms, and corre-
sponding filament terminals 

should be connected 
together. 

that, a delay of 30 seconds is recommended each 
time the filament is turned on. 

Rectifiers may be connected in parallel for cur-
rent higher than the rated current of a single 
unit. This includes the use of the sections of a 
double diode for this purpose. With mercury-
vapor types, ecimilizing resistors of 50 to 100 ohms 
should be connected in series with each plate, as 
shown in Fig. 7-3, to help maintain an equal divi-
sion of current between the two rectifiers. 
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Filters 

The pulsating d.e, waves from the rectifiers 
shown in Fig. 7-2 are not sufficiently constant in 
amplitude to prevent hum corresponding to the 
pulsations. Filters consisting of capacitances and 
inductances are required between the rectifier and 
the load to smooth out the pulsations to an essen-
tially constant (I.e. voltage. Also, upon the design 
of the filter depends to a large extent the ( I.e. 
voltage output, the voltage regulation of the 
power supply and the maximum load current 
that can be drawn from the supply without ex-
ceeding the peak-current rating of the rectifier. 

Power-supply filters fall into two classifications, 
depending upon whether the first filter element 
following the rectifier is a capacitor or a choke. 
Capacitive-input filters are char:Let erized by rela-
tively high output voltage in respect to the trans-
former voltage, but poor voltage regulation. 
Choke-input filters result in much better regula-
tion, when properly designed, but the output 
voltage is less than would be obtained with a 
capacitive-input filter from the same transformer. 

Voltage Regulation 

The output voltage of a power supply always 
decreases tis more current is drawn, not only be-
cause of increased voltage drops in the trans-
former, filter chokes and the rectifier (if high-
vacuum rectifiers are used) but also because t he 
output voltage it light loads tends to soar to t lie 
peak value of the transformer voltage as a result 
of charging the first capacitor. By proper filter 
design the latter effect can be eliminated. The 
change in output voltage with load is called m11-
age regulation and is expressed as a percentage. 

100 (Ei — E2) 
Per rent regulation = 

E2 

Example: No-load voltage = Ei-- 1550 volts. 
Full-load voltage E2 = 1230 volts. 

100 ( 1550 — 1230) 
Percentage regulation — 

1230 

— 32'WI° — 06 per cent. 
1230 

Regulation may be as great as ItXty, or more wit h 
a capacitive-input filter, but by proper design can 
be held to 20e, or less with a choke-input filter. 
Good regulation is desirable if the load current 

varies during opera 1htn, as in a keyed stage or a 
Class B modulator, because a large change in 
voltage may increase the tendency toward key 
clicks in the former ease or distortion in the 
latter. On the other hand, a stein ly it such as 
is represented by a receiver, speech amplifier or 
unkeyed stages in a transmitter, does not require 
good regulation so long as the proper voltage is 
obtained under load conditions. Another con-
sideration that makes good voltage regulation de-
sirable is that t he filter caparitois must have a 
voltage rating safe for the highest value to which 
the voltage will soar when the external load is 
removed. 
When essentially constant voltage, regardless 

of current variation is required (for stabilizing an 
oscillator, for example), special voltage-regulating 
circuits described elsewhere in t his chapter are 
used. 

Load Resistance 

ln t listi issi ng the pi,rformance of power-supply 
filters, it is sometimes convenient to express the 
load connected lo the output terminals of the 
stipply iii erms of resistance. The load resistance 
is equal to the output voltage divided by the 
total current drawn, including the current drawn 
by the bleeder resistor. 

Input Resistance 

The stun of the t ransformer impel lance and t lit 
rectifier resistan(( is called the input resistance. 
The approximate transformer impedance is given 
by 

ZTR = 2RPRI RsEc 

where N is the transformer turns ratio, primary 
to secondary (primary tn seeondary in the case 
of a full-wave rectifier), and h'rt iii and it'st .:(• are 
the primary and se/1)11(1:11.y resisiani•es respec-
tively. RsEc will be the resistance of half of the 
secondary in the ease of a full-wave circuit. 

Bleeder 

A bleeder resistor is a resistance et innei•tt,l 
across the output terminals itt t he pi twer stq 
(see Fig. 7-1). Its funetions aie to ilisi•lwrge the 
filter capacitors as a safety measure when the 
power is turned off to improve voltage regula-
tion by providing a minimum load resistance. 
When voltage regulation is not of importan)-)-, 
the resistanue may be as high as 1(10 ohms per 
volt. The resistance value to 111. used for voltage-
regulat big purposes is discussei I in later sections. 
From the consideration of safety, the power rat-
ing of the resistor shouli I he its conservative as 
possible, since a Imriled-out bleeder resistor is 
more dangerous than none at all! 

Ripple Frequency and Voltage 

IMISati011s iii t Iii Indput of t he rectifier can 
be considered to be t he resultant of ti alternat ing 
current superimposed upon a steinly direct cur-
rent. From this viewpoint, the filter may lie iam-
sidered to consist of shunting vapaeitors which 
short-circuit the a.c. component while not inter-
fering with the flow of the nanponent, and 
series chokes which pass d.c. reatlily but which 
impede the flow of the component. 
The alternating comp went is called the ripple. 

The effectiveness of t he filter (*nil be expresset I in 
ternis of per iaatt ripple, which is t he ratio itt t he 
r.m.s. value of t Itet.ipple to the d.c, value in terms 
of percentage. Fttr c.w. transmitters, the out-
put ripple from the power supply should not ex-

'd 5 per cent. Thp ripph, in the outptit of sup-
plies for voice transmitters sluitild not exceed I 
per cent. Class II modulators require a ripple 
reduction to about 0.25(;¡, while v.f.o.'s, high-
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gain speech amplifiers, and receivers may require 
a reduct ion in ripple to 0.01%. 

Ripple frequency is the frequency of the pulsa-
tions in the rectifier imt Put wave — the number 
of puls:itions per second. The frequency of the 
ripple ivith half-wave rectifiers is the same as the 
frequency of the line supply — 60 cycles with 60-
cycle supply. Since the output pulses are doubled 
wit li a full-wave rectifier, the ripple frequency is 
doubled — to 120 cycles with 60-cycle supply. 
The amount of filtering (values of inductance 

and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
imre filtering being required as the ripple fre-
quency is lowered. 

a> CAPACITIVE-INPUT FILTERS 

Capacitiv,-input filter systems are shown in 
Fig. 7-4. Disregarding voltage drops in t he 
chokes, all have the same characteristics except 

Fig. 7-4—Capacitive-input filter circuits. A—Simple ca-
pacative. B—Single-section. C—Double-section. 

in respect to ripple. Better ripple reduction will 
be obtained when LC sections are added, as shown 
in Figs. 7-413 and C. 

Output Voltage 

To determine the approximate d.c. voltage out-
put when a capacitive-input filter is used, refer-
ence should be made to the graph of Fig. 7-5. 

Example: 
Transformer r.m.s. voltage — 350 
Int out resistance — 200 ohms 
Maximum load current, including bleeder cur-

rent — 175 nia. 

Load resl'tatn i = —35() -= 2000 ohms approx. 
0.175 

From Fig. 7-5, for a load resistance of 2000 
ohms and an input resistance of 200 ohms, the 
d.c. output voltage is given as slightly over 1 

e7----------

e .e> Q. , 
19 / ç, 

INPUT RESISTANCE 

INPUT C- 45F 
OR GREATER 

s 

1. 

0.8 
1000 2000 3000 5000 10,000 20,000 50,000 

LOAD RESISTANCE = 0 C vocrs  (OUTPUT) C AMPOUTPUT) 
Fig. 7-5—Chart showing approximate ratio of d.c. out-
put voltage across filter input capacitor to transformer 
r.m.s. secondary voltage for different load and input 

resistances. 

times the transformer r.m.s. voltage, or about 350 
volts. 

Regulation 

If a bleeder resistance of 50,000 ohms is used, 
the d.c. output voltage, as shown in Fig. 7-5, will 
rise to about 1.35 times the transformer r.m.s. 
value, or about 470 volts, when the external load 
is removed. For greater accuracy, the voltage 
drops through the input resistance and the 
resistance of the chokes should be subtracted 
from the values determined above. For best reg-
ulation with a capacitive-input filter, the bleeder 
resistance should be as low as possible without 
exceeding the transformer, rectifier or choke 
ratings when the external load is connected. 

Maximum Rectifier Current 

The maximum current that can be drawn from 
a supply with a capacitive-input filter without 
exceeding the peak-current rat lug of the rectifier 
may be estimated from the graph of Fig. 7-6. 
[sing values from the preceding example, the 
ratio of peak rectifier current to d.c. load current 
for 2000 ohms, as shown in Fig. 7-6 is 3. There-
fore, the maximum load current that can be 
drawn without exceeding the rectifier rating is M 
the peak rating of the rectifier. For a load current 
of 175 ma., as above, the rectifier peak current 
rating should be at least 3 X 175 =-- 525 ma. 
With bleeder current only, Fig. 7-6 shows that 

the ratio will increase to over 8. But since the 
bleeder draws less than 10 ma. d.c., the rectifier 
peak current will be only 90 ma. or less. 
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Fig. 7-6—Graph showing the relationship between the 
d.c. load current and the rectifier peak plate current 
with capacitive input for various values of load and 

input resistance. 

Ripple Filtering 

The approximate ripple percentage after the 
simple capacitive filter of Fig. 7-4A may be deter-
mined from Fig. 7-7. With a load resistance of 
2000 ohms, for instance, the ripple will be ap-
proximately 10% with an 8-pf, capacitor or 
20% with a 4-mf. capacitor. For other capaci-
tances, the ripp e will be in inverse proportion to 
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The ripple can be reduced further by the addi-
tion of LC sections as shown in Figs. 7-4B and C. 
Fig. 7-8 shows the factor by which the ripple from 
any preceding sect al is reduced depending on the 
product of t la. ea pacitance and induct once added. 
For instanue, if a section composed of a choke of 
5 h. and a capacitor of 4 d. were to be added 
to the simple ettpacitor of Fig. 7-4A, the product 
is 4 X 5 = 20. Fig. 7-8 shows that the original 
ripple ( 10(;; as above with 8 pf. for example) will 
be reduced by a factor of about 0.08. Therefore 
the ripple percentage after the new section will be 

Q. 
Q. 
CC 

Q. 

3000 5000 10,000 20.000 5A000 

LOAD RESISTANCE - OHMS ( VOLTS OuTRur) C  
C AMP 

Fig. 7-7—Showing approximate 120-cycle percentage 
ripple across filter input capacitor for various loads. 

the capacitance, e.g., 5% with 16 pf., 40% with 
2 pf., and so forth. 
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Fig. 7-8—Ripple-reduction factor for various values of 
L and C in filter section. Output ripple = input ripple X 

ripple factor. 

approximately 0.08 X 10 = 0.8%. If another sec-
tion is added to the filter, its reduction factor 
from Fig. 7-8 will be applied to the 0.8% from 
the preceding seetion : 0.8 X 0.08 = 0.064% (if 
the second se,•I ion lii lie same LC product as 
the first 1. 

I I 
L 

INPUT T. OUTPUT 
o o 

120 -CYCLE RIPPLE 

200 500 

• CHOKE-INPUT FILTERS 
Much het rigulation results when a 

choke-input filter, as shown in Fig. 7-9, is used. 
Choke input also permits better utilization of the 
rectifier, since a higher load current usually can 
be drawn without exceeding the peak current 
rating of the rectifier. 

Minimum Choke Inductance 

A choke-input filter will tend to act as a capaci-
tive-input filter unless the input choke has at 
least a certain minimum value of inductance 
called the critical value. This critical value is 
given by 

EVOLTS 
— , 

where E is the output voltage of the supply, and 
l is the current being drawn from the supply. 

If the choke has at least the critical value, the 
output voltage will be limited to the average 
value of the rectified wave at the input to the 
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Filters 

I-1 
FROM 

RECTIFIER 
0 C 

OUTPUT 

L1 
FROM 

RECTIFIER 

(A) 

B) 
Fig. 7.9—Choice-input filter circuits. A—Single-section. 

B—Double-section. 

choke (see Fig. 7-2) when the current drawn from 
the supply is small. This is in contrast to the 
capacitive-input filter in which the output volt-
age tends to soar toward the peak value of the 
rectified wave at light loads. Also, if the input 
choke has at least the critical value, the rectifier 
peak plate current will be limited to about twice 
the d.c. current drawn from the supply. Most 
rectifier tubes have peak-current ratings of three 
to four times their maximum d.c. output-current 
ratings. Therefore, with an input choke of at least 
critical inductance, current up to the maximum 
output-current rating of the rectifier may be 
drawn from the supply without exceeding the 
peak-current rating of the rectifier. 

Minimum-Load—Bleeder Resistance 

From the formula above for critical inductance, 
it is obvious that if no current is drawn from the 
supply, the critical inductance will be infinite. So 
that a practical value of inductance may be used, 
some current must be drawn from the supply at 
all times the supply is in use. From the formula 
we find that this minimum value of current is 

DC 
OUTPUT 

EVOLTS 
= 

Lh 

Thus, if the choke has an inductance of 20 h., 
and the output voltage is 2000, the minimum load 
current should be 100 ma. This load may be pro-
vided, for example, by transmitter stages that 
draw current continuously (stages that are not 
keyed). However, in the majority of cases it will 
be most convenient to adjust the bleeder resist-
ance so that the bleeder will draw the required 
minimum current. In the above example, the 
bleeder resistance should be 2000/0.1 = 20,000 
ohms. 
From the formula for critical inductance, it is 

seen that when more current is drawn from the 
supply, the critical induet atice becomes less. 
Thus, as an example, when t he total current, in-
cluding the 100 ma. drawn by the bleeder rises to 
400 ma., the choke need have an inductance of 
only 5 h. to maintain the critical value. This is 
fortunate, because chokes having the required in-
ductance for the bleeder load only and that will 
maintain this value of inductance for much larger 
currents are very expensive. 

Swinging Chokes 

Less costly chokes : Ire available that will main-
tain at least critical value of inductance over the 
range of current likely to be drawn from practi-
cal supplies. These chokes are called swinging 
chokes. As an example, a swinging choke may 
have an inductance rating of 5/25 h. and a cur-
rent rating of 225 ma. If the supply delivers 1000 
volts, the minimum load current should be 
1000/25 = 40 ma. When the full load current of 
225 ma. is drawn from the supply, the inductance 
will drop to 5 h. The critical inductance for 225 
ma. at 1000 volts is 1000/225 = 4.5 h. Therefore 
the 5/25-h. choke maintains at least the critical 
inductance at the full current. rating of 225 ma. 
At all load currents between 40 ma. and 225 ma., 
the choke will adjust, its inductance to at least 
the approximate critical value. 

Table 7-I shows the maximum supply output 
voltage that can be used with commonly-avail-
able swinging chokes to maintain critical induc-
tance at the maximum current rating of the 
choke. These chokes will also maintain critical 
inductance for any lower values of voltage, or cur-
rent down to the required minimum drawn by a 
proper bleeder as discussed above. 

TABLE 7-I 

Lk Max. ma. ' Max. volts Max. It' 

13.5K 

Min. ma.2 

1.5/13.5 150 52.5 39 

5/25 175 875 25K 35 

2/12 200 400 12K 33 

5/25 200 1000 25K 40 

5/25 225 1125 25K 45 

2/12 250 500 12k 42 

4/20 300 1200 20K 60 

5/25 300 1500 25K GO 

3/17 400 1200 17K 71 

1/20 400 1600 20K 80 

5/25 400 2000 25K 80 

1/16 500 2000 16K 125 

5/25 500 2500 25K 100 

5/25 550 2750 25K 110 

iMaxiniuni bleeder resistance for critical inductance. 
2 Minimum current (bleeder) for critical inductance. 

In the case of supplies for higher voltages in 
particular, the limitation on maximum load resist-
ance may result in the wasting of an appreciable 
portion of the transformer power capacity in the 
bleeder resistance. Two input chokes in series 
will permit the use of a bleeder of twice the 
resistance, cutting the wasted current in half. 
Another alternative that can be used in a c.w. 
transmitter is to use a very high-resistance 
bleeder for protective purposes and only suf-
ficient fixed bias on the tubes operating from the 
supply to bring the total current drawn from the 
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7 - POWER SUPPLIES 

supply, when the key is open, to the value of 
current that the required bleeder resistance 
should draw from the supply. Operating bias is 
brought back up to normal by increasing the 
grid-leak resistance. Thus the entire current ca-
pacity of the supply (with the exception of the 
small drain of the protective bleeder) can be 
used in operating the transmitter stages. With 
this system, it is advisable to operate the tubes 
at phone, rather than c. w.. rating, since the 
average dissipation is inerea-etl. 

Output Voltage 

Provided the input-choke inductance is at 
least the critical yahm, the output voltage may 
be calculated quite closely by the following 
equation: 

= 0.9Et — (1a + /1.) (Rt Rz) — e 
where E. is the output voltage; Et is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the secon(l-
ary in the case of the center-tap rectifier); Ín 
and /L are the bleeder and load currents, respec-
tively, in amperes: lie and RI are the resistances 
of th.e first and 'e' (t filter chokes; and Er is the 
drop between rectifier plate and cathode. The 
various voltage drops are shown in Fig. 7-12. At 
no load IL is zero, hence the no-load voltage may 
be calrulated b on the basis of leeder current only.. 
The voltage regulation may be determined from 
the no-load and full-load voltages using the 
formula previously given. 

Ripple with Choke Input 

The percentage ripple output from a single-
section filter ( Fig. 7-9A) may be determined to 
a close approximation, for a ripple frequency of 
120 cycles from Fig. 7-10. 

Example: L = 5 h.. C -= 4 pt., LC = 20. 

From Fig. 7-10, percentage ripple = 5 per cent. 

o 

7 

3 

u 2 

w 
0. 

1.8--- OUTPU7 1,71FIER CT 0 

10 1 20 30 SO 70 00 ISO 200 300 500 700 10 0 
X C,,F 

Fig. 7-1 0— Graph showing combinations of inductance 
and capacitance that may be used to reduce ripple with 

a single- section choke- input filter. 

Example: L - 5 h. What capacitance is 
needed to reduce the ripple to 1 per cent? Fol-
lowing the 1-per-cent line to the right to its 
intersection with the diagonal, thence down-
ward to the LC scale, read LC = 100. 100/5 = 
20 pi. 

In selecting values for the first filter section, 
the inductance of the choke should be deter-
mined by the considerations discussed previ-
ously. Then the capacitor should be selected 
that when combinecl with the choke in 
(minimum inductance in the case of a swinging 
choke) will bring the ripple down to the desired 
value. If it is found impossible to bring the ripple 
down to the desired figure with practical values 
in a single section, a second section can be 
added, as shown in Fig. 7-9B and the reduction 
factor from Fig. 7-8 applied as discussed under 
capacitive-input filters. The second choke should 
not be of the swinging type, but one having a 
more or less constant inductance with changes in 
current (smoothing choke). 

• OUTPUT CAPACITOR 
If the supply is inteteled for use with an 

audio-frequency amplifier, the reactance of the 
last filter capacitor should be small (20 per 
cent or less cianpared with the other audio-
frequency resistanc.e or impedance in the circuit, 
usually the t ube plate resistance and load resist-
ance. I ) tt the basis of a lower a. f. limit of 100 cycles 
for speech amplification, this condition usually 
is satisfied when the output capacitance (last 
filter capacitor, of the filter has a capacitance of 
4 to 8 of., the higher value of capacitance being 
used in the case of lower tube and load resistances. 

• RESONANCE 
Resonance effects in the series circuit across 

the output of the rectifier which is formed by 
the first choke (Li) and first filter capacitor 
((J1) must be avoided, since the ripple voltage 
would build up to large values. Titis not only is 
the opposite action to that l'or which the filter 
is intended, but also may cause excessive recti-
fier peak currents atol abnormally high inverse 
peak voltages. For full-wave rectification the 
ripple frequency will be 120 cycles for a 60-cycle 
supply, and resonance will occur when the prod-
uct of choke imluetance in henrys times ca-
pacitor cap:ten:1,aq. in microfarads is equal to 
1.77. The corresponding figure for 50-cycle sup-
ply ( 100-cycle ripple frequency) is 2.53, and for 
25-cycle supply (50-cycle ripple frequency) 13.5. 
At least t wice these products of inductance and 
capacitance shmeld be usei I to ensure against 
resonance effects. With a swinging ehoke, the 
minimum rated itidtu•tarice of 1 in• should 

be used. 

• RATINGS OF FILTER COMPONENTS 
Although filter capacitors in a choke-input 

filter are subjected to smaller variations in d.c. 
voltage than in the capacitive-input filter, it is 
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Transformers 

advisable to use capacitors rated for the peak 
transformer voltage in ease the bleeder resistor 
should burn out when there is no load on the 
power supply, since the voltage then will rise to 
the same maximum value as it would with a 
filter of the capacitive-input type. 

In a capacitive-input filter, the capacitors 
should have a working-voltage rating at least 
as high, and preferably somewhat higher, than 
the peak-voltage rating of the transrornor. 
Thus, in the case of a center-tap rectifier having 
a transformer delivering 550 volts each side of 
the center-tap, the minimum safe capacitor 
voltage rating will be 550 X 1.41 or 775 volts. 
An 800-volt capacitor should be used, or pref-
erably a 1000-volt unit. 

Filter Capacitors in Series 

Filter capacitors are nia t' in several different 
types. Electrolytie capacitiii. whirls are avail-
able for peak voltages up to ill out 800, eitmbine 
high capacitance with small size. since the dielec-
tric is an extremely thin filin of oxi,k on alumi-
num foil. Capacitors of this type may be con-
nected in series for higher voltages, although the 
filtering capacitance will be reduced to the re-
sultant of the two capacitances in series. If this 
arrangement is used, it is important that each 
of the capacitors be shunted wit h a nisistor of 
about 1011 ohms per volt of supply voltage. with 
a power rating ta le( mat e for the Iota or 
current at that voltage. These tnav 
serve as all or part of the bleeder resistatup (see 
ehoke-input filters). Capacitors with higher-
voltage ratings usually are made with a ilielectric 
of thin paper impregnated with oil. The working 
voltage of a capacitor is the voltage that it 
will withstand continuously. 

Filter Chokes 

The input choke may be of the swinging type, 
the required minimum no-load and full-load in-
ductance values being calculated as described 
above. For the second choke (smoothing 
choke) values of 4 to 20 henrys ordinarily are 
used. When filter chokes are placed in the 
positive leads, the negative being grounded, 
the windings should be insulated from the core 
to withstand the full (I.e. output voltage of the 
supply and be capable of handling the required 
load current. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre-
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 

Fig. 7- 11—In most applications, the filter chokes may 
be placed in the negative instead of the positive side of 
the circuit. This reduces the danger of a voltage break-

down between the choke winding and core. 

permeability decreases, consequently the induct-
ance also decreases. Despite the air gap, the in-
ductance of a choke usually varies to sotne extent 
with the direct current flowing in the winding; 
hence it is necessary to specify the inductance 
at the current which the choke is intended to 
carry. Its inductance with little or no direct 
current flowing in the winding may be consid-
erably higher than the value when full load 
current is flowing. 

o NEGATIVE-LEAD FILTERING 
For many years it has been almost universal 

practice to place filter chokes in the positive 
leads of plate power sullilies. This means that. 
the insulation bet weett the ehoke winding and its 
core (which should be grounded to chassis as a 
safety measure) must be adequate to withstand 
the Output voltage of the supply. This voltage 
requirement is removed if the chokes are placed 
in the negative lead as shown in Fig. 7-11. With 
this connection, the capacitance of the trans-
former secondary to ground appears in parallel 
with the filter chokes tending to bypass the 
chokes. However, this effect will be negligilde in 
practical application except in cases where the 
output ripple must be reduced to a very low 
figure. Such applications are usually limited to 
low-voltage devices such as receivers, speech 
amplifiers and v.f.o.'s where insulation is no 
problem and the chokes may be placed in the 
p()sitive side in the conventional manner. In 
higher-voltage applications, there is no reason 
why the filter chokes should not be placed in the 
negative lead to reduce insulation requirements. 
Choke terminals, negative capacitor terminals 
and the transformer center-tap terminal should 
be well protected against accidental contact, 
since these will assume full supply voltage to 
chassis should a choke burn out or the chassis 
connection fail. 

Plate and Filament Transformers 
Output Voltage 

The output voltage which the plate trans-
former must deliver depends upon the required 
(I.e. load voltage and the type of filter cireuit. 

With a choke-input filter, the re (mired r. uns. 
secondary voltage (each side of center-tap for a 
center-tap rectifier) can be calculated by the 
equation: 

Let -= 1.1[E. -F /(J?t ± 112) A- Er] 

where E. is the required d.c. output voltage, 
I is the load current (including bleeder current) 
in amperes. I' l and k2 are the d.c, resistances of 
the chokes. and E, is the voltage drop in the 
rectifier. Eg is the full-load r.m.s. secondary 
voltage; the open-circuit voltage usually will be 
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7— POWER SUPPLIES 

Fig. 7- 12—Diagram showing various 
voltage drops that must be taken into 
consideration in determining the re-

quired transformer voltage to deliver 
the desired output voltage. 

5 to 10 per cent higher than the full-load value. 
The approximate transformer output voltage 

required to give a desired d.c. output voltage 
with a given load with a capacitive-input filter 
system can be calculated with Fig. 7-12. 

Example: 
Required d.c. output volts — 500 
Load current to be drawn — 100 ma. (0.1 amp) 

500 
Load resistance = = 5000 ohms. 

0.1 
If the rectifier resistance is 200 ohms, Fig. 7-5 

shows that the ratio of d.c, volts to the required 
transformer rams. voltage is am,roximately 1.15. 
The required transformer terminal voltage 

under load with chokes of 200 and 300 ohms is 

E0 ( i ± R2 Rr) 

Es = 
1.15 

= 500 + 0.1 ( 200 4- 300 + 200 ) 

1.15 

570 
= — = 495 volts. 

1.15 

Volt-Ampere Rating 

The volt-ampere rating of the transformer 
(lei wilds upon the type of filter (capacitive or 
elloke input ). With a capaeitive-input filter the 
heating effeet in the secondary is higher because 
of the high ratio of peak to average current, 
consequently the volt-amperes consumed by 
the transformer may be several times the watts 
delivered to the load. With a choke-input filter, 
provided the input choke has at least the critical 
inductance, the secondary volt-amperes can be 
calculated quite closely by the equation: 

Sec. V.A. = 0.00075E/ 

where E is the total r.m.s. voltage of the sec-
ondary (between the outside ends in the case 
of a center-tapped winding) and / is the d.c. 
output current in milliamperes (load current 
tdus bleeder current). The primary volt-amperes 
will be 10 to 20 per cent higher because of 
transformer losses. 

Broadcast & Television Replacement Trans-
formers in Amateur Transmitter Service 

Small power transformers of the type sold for 

replacement in broadcast and television receivers 
are usually designed for service in terms of use 
for several hours continuously with capacitor-
input filters. In the usual type of amateur trans-
mitter service, where most of the power is drawn 
intermittently for periods of several minutes with 
equivalent intervals in between, the published 
ratings can be exceeded without excessive trans-
former heating. 
With capacitor input, it should be safe to draw 

20 to :30 per cent more current than the rated 
value. With a choke-input filter, an increase in 
current of about 50 per cent is permissible. If a 
bridge rectifier is used ( with a choke-input filter) 
the output voltage will be approximately doubled. 
In this case, it should be possible in amateur 
transmitter service to draw the rated current, 
thus obtaining about twice the rated output 
power from the transformer. 

This does not apply, of course, to amateur 
transmitter plate transformers which are usually 
already rated for intermittent service. 

Filament Supply 

Except for tubes designed for battery opera-
tion, the filaments or heaters of vacuum tubes 
used in both transmitters and receivers are 
universally operated on alternating current ob-
tained from the power line through a step-
down transformer delivering a secondary volt-
age equal to the rated voltage of the tubes used. 
The transformer should be designed to carry 
the current taken by the number of tubes which 
may be connected in parallel across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit for 
eliminating hum. 

For medium- and high-power r.f. stages of 
transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans-
former for each section of the transmitter, in-
stalled near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without 
appreciable voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- or 
over-voltage may reduce filament life. 

Typical Power Supplies 

Figs. 7-13 and 7-14 show typical power-
supply circuits. Fig. 7-13 is for use with trans-

formers commonly listed as broadcast or tele-
vision replacement power transformers. In addi-
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tion to the high-voltage winding for plate sup-
ply, these transformers have windings that 
supply filament voltages for both the rectifier 
tube and the 6.3-volt tubes in the receiver or 
low-power transmitter or exciter. Transformers 
of this type may be obtained in ratings up to 
1200 volts r.m.s. center-tapped, 200 d.c. ma. 
output. 

Fig. 7-13 shows a two-section filter with capaci-
tor input. However, depending upon the maxi-
mum hum level that may be allowable for a 
particular application, the last capacitor and 
choke may not be needed. In some low-current 
applications, the first capacitor alone may pro-
vide adequate filtering. Table 7-II shows the 
approximate full-load and bleeder-load output 
voltages and a.c. ripple percentages for several 
representative sets of components. Voltage and 
ripple values are given for three points in the 
circuit — Point A (first capacitor only used), 
Point B (last capacitor and choke omitted), and 
l'oint C (complete two-section filter in use). 

Fig. 7- 13—Typical a.c. power-
supply circuit for receivers, ex-
citers, or low-power transmit-

ters. Representative values will 
be found in Table 7-11. The 

5-volt winding of T1 should 
have a current rating of at 

least 2 amp. for types 5Y3-GT 
and 5V4-GA, and 3 amp. for 

5U4-GB. 

In each case, the bleeder resistor R should be 
used across the output. 

Table 7-II also shows approximate output volt-
ages and ripple percentages for choke-input filters 
(first filter capacitor omitted), for Point B (last 
capacitor and choke omitted), and Point C (com-
plete two-section filter, first capacitor omitted). 

Actual full-load output voltages may be some-
what lower than those shown in the table, since 
the voltage drop through the resistance of the 
transformer secondary has not been included. 

Fig. 7-14 shows the conventional circuit of a 
transmitter plate supply for higher powers. A 
full-wave rectifier circuit, half-wave rectifier 
tubes, and separate transformers for high voltage, 
rectifier filaments and transmitter filaments are 
used. The high-voltage transformers used in 
this circuit are usually rated directly in terms of 
d.c. output voltage, assuming rectifiers and filters 
of the type shown in Fig. 7-14. Table 7-III shows 
typical values for representative supplies, based 
on commonly available components. Transformer 

TABLE 7-II 

Capacitor-Input Power Supplies 

TR Rating 

VI 
Tube 
Type 

C 

H. 

8 

L 

Ohms 

R 

Approximate 
u Fll-load d.c. 
Volta of 

Ripple % Approximate 

at 

A pprox. 

Output 
Volts 

Bleeder 
Load 

Useful 
Output 
Ma.* Volts 

R.M.S. 
(C.T.) 

Ma. 
D C 
" p.  Volta Ohms Watts A BC A B C 

650 40 5Y3-GT 8 600 400 90K 5 375 360 345 2.5 0.08 0.002 450 36 

650 40 5V4-GA 8 600 8 400 90K 5 410 395 375 2.5 0.08 0.002 450 36 

82 700 90 5Y3-O T 8 600 10 225 46K 10 370 350 330 6 0.1 0.002 460 

700 90 5V4-GA 8 

8 

600 

700 

10 

8 

225 

145 

46K 10 410 390 370 6 0.1 0.002 

0.006 

460 82 

750 150 5U4-GB 25K 10 375 350 330 9 0.2 500 136 

750 150 5V4-(;A 8 700 8 

8 

145 25K 10 425 400 380 9 

12 

0.2 0.006 500 136 

184 800 200 5U4-( B 8 700 120 22K 20 375 350 325 0.3 

0.8 

0.008 550 

650 40 5Y3-OT 8 450 

Choke 
15 

-Input 
420 

Power 
18K 10 

Supplies 
— 1 240 225 — 0.01 265 25 

650 40 5V4-( A 8 430 15 420 18K 10 — 255 240 — 0.8 0.01 280 25 

700 90 

90 

5Y3-( T 8 450 10 225 11K 10 — 240 220 --- 1.25 0.02 

0.02 

250 68 

700 5V4-GA 8 450 10 225 IIK 10 — 270 250 

245 

— 

— 

1.25 280 68 

125 750 150 5r1.(rr 8 450 12 150 13K 20 — 265 I 0.015 325 

750 

800 

150 5V44; A 8 450 12 150 13K 20 — 280 260 — 1 0.015 340 125 

200 5U4-GB 8 450 12 140 14K 20 — 275 250 — 1 0.015 350 175 

*Balance of transformer current capacity consumed by bleeder resistor. 
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7 — POWER SUPPLIES 

Fig. 7- 14—Conventional power. 
supply circuit for higher-power 

transmitters. 
CI, C2-4 µf. for approximately 
0.5% output ripple; 2 µf. for 
approximately 1.5% output rip-
ple. C2 should be 4 µf. if supply 
is for modulator. 
R-25,000 ohms. 
Li—Swingirg choke: 5/25 h., 

current rating same as T2. 
L2—Smoothing choke: current 

rating same as T2. 
T1-2.5 volts, 4 amp. for type 

816; 2.5 volts, 10 amp. 
for 866A. 

Ta—D.C. voltage rating same as output voltage. 
Ta— Voltage and current rating to suit transmitter-tube 

requirements. 

voltages shown are rep-
presentative for units 
with dual-voltage sec-
ondaries. The bleeder-
load voltages shown 
may be somewhat 
lower than actually 
found in practice, be-
cause transformer re-
sistance has not been 
included. Ripple at the 
output of the first filter 
section will be approxi-
mately 5 per cent with 
a 4-pf capacitor, or 10 
per cent with a 2-pf. 
capacitor. Transform-
ers made for amateur 
service are designed for 
choke-input. If a ca-
pacitor-input is used 
rating should be re-
duced about 30%. 

VI—Type 816 for 400/500-volt supply; 866A for 

others shown in Table 7-111. 
See Table 7-111 for other values. 

TABLE 7-III 

Approx. D.C. 
Output 

Ta 
Rating Voltage 

Approx. 
Bleeder-L 

H'  
• CI. C2 

R 

a s Wtt Load 
Output 
Voila 

Volts Ma.' 
Approx. 
V.R.M.S. Ma. 

400/500 230 520/615 250 4 700 20 440/540 

600/750 260 750/950 300 8 1000 50 650/800 

1250/1500 240 1500/1750 300 8 2000 150 1300/1600 

1250/1500 440 1500/1750 500 6 2000 150 1315/1615 

2000/2500 200 2400/2900 300' 8 3000 3202 2050/2550 

2000/2500 400 2400/2900 500 6 3000 3202 2065/2565 

2500/3000 380 2500/3450 5002 6 4000 5002 2565/3065 

I Balance of transformer current rating consu lied by bleeder resistor. 
, Use two 160-watt, 12,500-ohm units in series. 
' Use live 100-watt, 5000-olun units in series. 
4 Regulation will be somewhat better with a 400- or 500-ma. choke. 
2 Regulation will be somewhat better with a 550-ma. choke. 

Voltage Dropping 

Series Voltage-Dropping Resistor 

Certain plates and screens of the various 
tubes in a transmitter or receiver often require 
a variety of operating voltages differing from 
the output voltage of an available power supply. 
In most cases, it is not economically feasible 
to provide a separate power supply for each of 
the required voltages. If the current drawn 
by an electrode, or combination of electrodes 
operating at the same voltage, is reasonably 
constant under normal operating conditions, 
the required voltage may be obtained from a 
supply of higher voltage by means of a voltage-
dropping resistor in series, as shown in Fig. 
7-I5A. The value of the series, resistor, 21, may 

Ed 
be obtained from Ohm's Law, R = —I' where 

Ed Is the voltage drop required from the sup-

ply voltage to the desired voltage and I is the 
total rated current of the load. 

Example: The plate of the tube in one stage 
and the screens of the tubes in two other stages 
require an operating voltage of 250. The nearest 
available supply voltage is 400 and the total of 
the rated plate and screen currents is 75 ma. The 
required resistance is 

400 — 250 150 
R - - - 2000 ohms. 

0.075 0.075 

The power rating of the resistor is obtained 
from Y (watts) = /2R = (0.075)2 (2000) = 11.2 
watts. A 20-watt resistor is the nearest safe 
rating to be used. 

Voltage Dividers 

The regulation ut t lie voltage obtained in this 
manner obviously is poor, since any change in 
current through the resistor will cause a di-
rectly proportional change in the voltage drop 
across the resistor. The regulation can be im-
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FROM 
POWER 
SUPPLY 

-o  
(A) .47 

TO LOAD 

o 

Fig. 7-15 —A—Series voltage-dropping resistor. B— 
Simple voltage divider. C—Multiple divider circuit. 

Ei Es — E1 E —  
Ra —; R4 = 

lb lb + Ii Rs — It. + 12 

proved somewhat by connecting a second re-
sistor from the low-voltage end of the first to 
the negative power-supply terminal, as shown 
in Fig. 7-15B. Such an arrangement constitutes 
a voltage divider. The second resistor, 112, acts 
as a constant load for the first, RI, so that 
any variation in current from the tap becomes 
a smaller percentage of the total current through 
R. The heavier the current drawn by the re-
sistors when they alone are connected across 
the supply, the better will be the voltage regu-
lation at the t;t.p. 
Such a voltage divider may have more than 

a single tap for the purpose of obtaining more 
than one value of voltage. A typical arrange-
ment is shown in Fig. 7-15C. The terminal 
voltage is E, and two taps are provided to give 
lower voltages, E1 and E2, at currents /1 and /2 
respectively. The smaller the resistance be-
tween taps in proportion to the total resistance, 

FROM 
POWER 
SUPPLY 

FROM 
POWER 
SUPPLY 

(B) 

(C) 

the smaller the voltage between the taps. For 
convenience, the voltage divider in the figure 
is considered to be made up of separate re-
sistances 113, 114, R5, between taps. R3 carries 
only the bleeder current, Ii.; 114 carries /1 in 
addition to /14 115 carries /2, II and Ib. To cal-
culate the resistances required, a bleeder cur-
rent, /b, must be assumed; generally it is low 
compared with the total load current ( 10 per 
cent or so). Then the required values can be 
calculated as shown in the caption of Fig. 7-15C, 
/ being in decimal parts of an ampere. 
The method may be extended to any desired 

number of taps. each resistance section being 
calculated by Ohm's Law using the needed vol-
tage drop across it and t he total current through 
it. The power dissipated by each section may 
be calculated either by multiplying / and E or 
/2 and R. 

Voltage Stabilization 
Gaseous Regulator Tubes 

There is frequent nml for maintaining the 
voltage applied to a low- voltage low-current 
circuit at a practically constant value, regard-
less of the voltage regulation of the power 
supply or variations in load current. In such 
applications, gaseous regulator tubes (0C3/ 
VR105, 01)3/V11,150, et(..) can be used to good 
advantage. The voltage drop across such tubes 
is constant over a moderately wide current 
range. Tubes are available for regulated volt-
ages near 150, 105, 90 and 75 volts. 
The fundamental circuit for a gaseous regu-

lator is shown in Fig. 7-161. The tube is con-

FROM POWER-
SUPPLY OuTPul 

UNREG UNREG 

PROM 
POWER-
SUPPLY 
OUTPU1 

(A) (B) 

Fig. 7- 16—Voltage- stabilizing circuits using VR tubes. 

fleeted in series with a limiting resistor, RI, 
across a source of voltage that must be 
higher than the starting voltage. The starting 
voltage is about 30 to 40 per cent higher than the 
operating voltage. The load is connected in 
parallel with the tube. For stable operation, a 
minimum tube current of 5 to 10 ma. is re-
quired. The maximum permissible current with 
most types is 40 ma.; consequently, the load 
current cannot exceed 30 to 3:5 ma. if the volt-
age is to be stabilized over a range from zero 
to maximum load current. 
The value of the limiting resistor must lie 

between that which just permits minimum 
tube current to flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 

R _ (E. — Er)  

where R is the limiting resistance in ohms, 
E. is the voltage of the source across which the 
tube and resistor are connected, Er is the rated 
voltage drop across the regulator tube, and 
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I is the maximum tube current in amperes, 
(usually 40 ma., or 0.04 amp.). 

Fig. 7-16B shows how t wo tubes may be 
used in series to give a higher regulated volt-
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim-
iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for Er. Since the upper tube must carry 
more current than the lower, the load con-
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex-
ceed 30 to 35 milliamperes. 

Voltage regulation of the order of 1 per cent 
can be obtained with these regulator circuits. 
A single VR tube may also be used to regulate 

the voltage to a load current of almost any value 

Fig. 7- 18—Circuit diagram of 
an electronically-regulated 
power supply rated at 300 

volts max., 150 ma. max. 

Ci, C7, C5- 16-µf. 600-volt electrolytic. 
C3-0.015-0. paper. 
C4— 0.1 -µf. paper. 
R1-0.3 megohm, 1/2 watt. 
R2, R3-100 ohms, 1/2 watt. 
R1-510 ohms, 1/2 watt. 
R2, R5-30,000 ohms, 2 watts. 
Ra-0.24 megohm, 1/2 watt. 
R7-0.15 megohm, 1/2 watt. 

Fig. 7- 17—Electronic voltage-regu-
lator circuit. Resistors are 1/2 watt unless 

specified otherwise. 

so long as the variation in the current does not 
exceed 30 to :35 ma. If, for example, the average 
load current is 100 ma., a VII tube may be used 
to hold the voltage constant provided the cur-
rent does not fall below 85 ma. or Fisc above 115 
nia. In this case, the resistance shou1,1 4 calcu-
lated to drop the voltage to the Vlt-tube rating 
at the maximum load current to be expected plus 
about 5 ma. If the load resistance is constant, the 
effects of variations in line voltage may be elimi-
nated by basing the resistance on the load cur-
rent plus 15 ma. Voltage-regulator tubes may 
also he connected in parallel as described later 
in this chapter. 

Electronic Voltage Regulation 

Several circuits have been developed for regu-
lating the voltage output of a power supply elec-

R9-9100 ohms, 1 watt. 
1210-0.1-megohm potentiometer. 
Rn-43,000 ohms, 1/2 watt. 
1.1-8-hy., 40-ma, filter choke. 
Si—S.p.s.t. toggle. 
Ti —Power transformer: 375-375 voltsr.m.s., 160 

6.3 volts, 3 amps.; 5 volts, 3 amps. 
(Thor. 22R331. 

Ta.; 
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115 V. 

tronically. While more complicated than the VR-
tube circuits, they will handle higher voltages and 
currents and the output voltage may be varied 
continuously over a wide range. In the circuit of 
Fig. 7-17, the 0C3 regulator tube supplies a refer-
ence of approximately 105 volts for the 6AU6 
control tube. When the load connected across the 
output terminals increases, the output voltage 
tends to decrease. This drops the voltage on the 
control grid of the 6AU6, causing the tube to 
draw less current through the 2-megohm plate 
resistor. As a consequence the grid voltage on the 
807 series regulator rises and the voltage drop 
across the 807 decreases, compensating for the 
reduction in output voltage. With the values 
shown, adjustment of R1 will give a regulated 
output from 150 to 250 volts, at up to 60 or 70 
ma. A 611-GB can be substituted for the type 
807; the available output current can be in-
creased by adding one or more tubes in parallel 
with the series regulator tube. When tubes are 
connected in parallel, 100-ohm resistors should 
be wired to each control grid and plate terminal, 
to reduce the chances for parasitic oscillations. 

Another similar regulator circuit is shown in 
Fig. 7-18. The principal difference is that screen-
grid regulator tubes are used. The fact that a 
screen-grid tube is relatively insensitive to 
changes in plate voltage makes it possible to ob-
tain a reduction in ripple voltage adequate for 
many purposes simply by supplying filtered (I.e. 
to the screens with a consequent saving in weight 
and cost. The accompanying table shows the 
performance of the circuit of Fig. 7-18. Column 1 
shows various output voltages, while Column II 
shows the maximum current that can be drawn at 
that voltage with negligible variation in output 
voltage. Column III shows the measured ripple 
at the maximum current. The second part of the 

E 5'  

Ht 
5R4GY 

6L6 65.17 

Fig. 7- 19—High-voltage regulator circuit by W4PRM. Resistors are 1 watt unless indicated otherwise. 

991 

CI, C2-4-µf. paper, voltage rating above peak-voltage 
output of Ti. 

Ca-0.1-0. paper, 600 volts. 
C4- 12-µf. electrolytic, 450 volts. 
Ca-40 µf., voltage rating above d.c. output voltage. 

Can be made up of a combination of electrolytics 
in series, with equalizing resistor. (See section 
on ratings of filter components.) 

C4-4-µf. paper, voltage rating above voltage rating of 

Table of Performance for Circuit of Fig. 7-18 

I I III Output voltage — 300 

450 v. 22 ma. 3 mv. 150 ma. 2.3 mv. 
425 v. 45 ma. 4 mv. 125 ma. 2.8 mv. 
400 v. 72 ma. 6 mv. 100 ma. 2.6 mv. 
375 v. 97 ma. 8 my. 75 ma. 2.5 mv. 
350 v. 122 ma. 9.5 mv. 50 ma. 3.0 mv. 
325 v. 150 ma. 3 mv. 25 ma. 3.0 mv. 
300 v. 150 ma. 2.3 mv. 10 tna. 2.5 mv. 

table shows the variation in ripple with load cur-
rent at 300 volts output. 

High- Voltage Regulators 

Regulated screen voltage is required for screen-
grid tubes used as linear amplifiers in single-side-
band operation. Figs. 7-19 through 7-22 show 
various different circuits for supplying regulated 
voltages up to 1200 volts or more. 

In the circuit of Fig. 7-19, gas-filled regulator 
tubes are used to establish a fixed reference 
voltage to which is added an electronically 
regulated variable voltage. The design can be 
modified to give any voltage from 225 volts to 
1200 volts, with each design-center voltage vari-
able by plus or minus 60 volts. 
The output voltage will depend upon the 

number and voltage ratings of the VR tubes in 
the string between the 991 and ground. The 
total VR-tube voltage rating needed can be 
determined by subtracting 250 volts from the 
desired output voltage. As examples, if the 
desired output voltage is 350. the total VR-
tube voltage rating should be :350 — 250 = 100 
volts. In this ease, a VR-105 would be used. 
For an output voltage of 1000, the VR-tube 
voltage rating should be 1000 — 250 = 750 volts. 
In this case, five VR-150s would be used in 
series. 

6L6 

4701( 

VR string. 
1;2i-50,000-ohm, 4-watt potentiometer. 
Ri— Bleeder resistor, 50,000 to 100,000 ohms, 25 watts 

(not needed if equalizing resistors mentioned 
above are used). 

Ti— See text. 
Ta— Filament transformer; 5 volts, 2 amp. 
Ta— Filament transformer; 6.3 volts, 1.2 amp. 
VI, Va, Va— See text. 

 0+ 
OUT 
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211 or 
8124 

+1800 
TO 2000V 2 

6405 

042 or 
VRI50 

042 or 
VRI50 

The maximum voltage output that can be ob-
tained is approximately equal to 0.7 times the 
r.m.s. voltage of the transformer 7'1. The current 
rating of the transformer must be somewhat 
above the load current to take care of the 
voltage dividers and bleeder resistances. 
A single 6L6 will handle 90 ma. For larger 

currents, 6L6s may be added in parallel. 
The heater circuit supplying the 6L6 and 

68.77 should not he groun4led. The shaft of Rt 
should be grounded. Vhen the output voltage 
is above 300 or 400, the potentiometer should 
be provided with an insulating mounting, and 
should be controlled from the panel by an ex-
tension shaft with an insulated coupling and 
grounded control. 

In some cases where the plate transformer 
has sufficient current-handling capacity, it may 
be desirable to operate a screen regulator from 
the plate supply, rather than from a separate 
supply. This can be done if a regulator tube is 
used that can take the required voltage drop. In 
Fig. 7-20, a type 211 or 812A is used, the control 

TO Tz 

+500 TO 
700V. 

Fig. 7-20—Screen regulator circuit de-
signed by W9OKA. Resistances are in 

ohms (K = 1000). 
R1-6000 ohms for 211; 2300 ohms 

for 812A, 20 watts. 
R2-25,000 ohms, / 0 watts. 
R3—Output voltage control, 0.1- meg-

ohm, 2-watt potentiometer. 
Ti— Filament transformer: 10 volts, 

3.25 amp. for 211; 6.3 volts, 
4 amp. for 812A. 

T2—Filament transformer: 6.3 volts, 
1 amp. 

tube being a 6AQ5. With an input voltage of 
1800 to 2000, an output voltage of 500 to 700 
can be obtained ‘vith a regulation better titan 
1 per cent over is i•urrent range of 0 to 100 ma. 

In the circuit of Fig. 7-21, a V-701) (or 8005) 
is used as the regulator, and the c(nitrol tube is 
an 807 which can take the full output voltage, 
making it unnecessary to raise it above ground 
with VII, tubes. If taps are switched on RI, the 
output voltage can be varied over a wide range. 
Increasing the screen voltage decreases the output 
voltage. For each position of the tap on RI, de-
creasing the value of 113 will lower the minimum 
output voltage as 112 is varied, and decreasing the 

Fig. 7-21—This regulator circuit used by W1SUN oper-
ates from the plate supply and requires no VR string. 
A small supply provides screen voltage and reference 

bias for the control tube. 
Unless otherwise marked, resistances are in ohms. 

(K = 1000). Capacitors are electrolytic. 
121-50,000-ohm, 50-watt adjustable resistor. 
R2-0.1-megohm 2-watt potentiometer. 
R3-4.7 megohms, 2 watts. 
R4-0.1 megohm, 1/2 watt. 
Tt —Power transformer: 470 volts center tapped, 40 ma.; 

5 volts, 2 amps.; 6.3 volts, 2 amps. 
T2—Filament transformer: 7.5 volts, 3.25 amp. (for 

V-70D). 

+3000V.D.C. 
V7OD 

+I80/4. 
450V. 

40pf • 

450V. 

5651 

 o 
+850 70 

1500 V. REG. 

 o 
100K 0-88v. 
2W. BIAS 
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 0 + 1500 V. 

TO PLATES 

  +750 V. 
•••• REG. TO 
SCREENS 

FROM HIGH 
VOLTAGE 
POWER 
SUPPLY 

• 

value of R4 will raise the maximum output volt-
age. However, if these values are made too small, 
the 807 will lose control. 
At 850 volts output, the variation over a 

current change of 20 t» 80 ma. shouhl be negligi-
ble. At 1500 volts output with the same current 
ellange. the variation in output voltage should 
In. Iiss t han three per cent. Up to 88 volts of grid 
bias for a Class A or Class A 13i amplifier may 
be taken from the potentiometer across the refer-
ence-voltage source. This bias cannot, of course, 
be used fin. biasing a stage that is drawing grid 
current. 
A somewhat different type of regulator is the 

shunt regulator shown in Fig. 7-22. The VI( tubes 
and 112 in series are across the output. Since t he 
voltage drop across the \TR tubes is constant, 
any change in output voltage appears across R2. 
This causes a change in grid 1)ias on the 811-A 
grid. 1.:Insitig it to draw more or less current in 

Fig. 7-22—Shunt screen regulator used by 
W2AZW. Resistances are in ohms (K = 1000)-
C1-0.01 µf., 400 volts if needed to suppress 

oscillation. 
MI—See text. 
RI—Adjustable wire-wound resistor, resist-

ance and wattage as required, 

inverse proportion to the current being drawn by 
the amplifier screen. This provides a constant 
load for the series resistor RI. 
The output voltage is equal to the sum of the 

Vit drops plus t he grid-to-ground voltage of the 
811-A. This varies from 5 to 20 volts between 
full load and no load. The initial adjustment is 
made by placing a milliammeter in the filament 
center-tap lead, as shown, and adjusting R, for 
a reading of 15 to 20 ma, higher than the normal 
peak screen current. This adjustment should be 
made with the amplifier connected but with no 
excitation, so that the amplifier draws idling 
current. After the adjustment is complete, the 
meter may be removed from the circuit and the 
filament center tap connected directly to ground. 
Adjustment of the tap on RI should, of course, 
be made with the high voltage turned off. 
Any number of VR tubes may be used to pro-

vide a regulated voltage near the desired value' 
The maximum current through the 811-A should 
be limited to the maximum 1date-current rating 
of the ttibe. If larger currents are necessary, two 
811-As may be connected in parallel. ()ver a 
current range of 5 to 60 ma., the regulator holds 
the output voltage constant within 10 or 15 volts. 

Bias Supplies 

As discussed in Chapter 6 on high-frequency 
transmitters, the chief function of a bias supply 
for the r.f. stages of a transmit ter is that of pro-
viding protective bias, although under certain 
circumstances, a bias supply, or pack, as it is 
somet imes called, can provide the operating bias 
if desired. 

Simple Bias Packs 

Fig. 7-23A shows the diauram of a simple 
bias supply. RI should be the recommended 
grid leak for the amplifier tube. No grid leak 
should be used in the transmitter with this 
type uf supply. The output voltage of the sup-
ply, when amplifier grid current is not flowing, 
slitmld be some value bet ween the bias re-

(mired for plate-current eut-off and the recom-
mended operating bias for the amplifier tube. 
The transformer peak voltage ( 1.4 times the 
r.m.s. value) should not exceed the recom-
mended operating-bias value, otherwise the 
output voltage of the pack will soar above the 
operating-bias value with rated grid current. 

This searing can be retluved to a considerable 
extent by the use of a voltage divider across 
the transformer secondary, as shown at B. Such 
a system can be use ,1 when the transformer volt-
age is higher than t lie operating-bias value. The 
tap on R2 should be adjusted to give amplifier 
eut-off bias at the output terminals. The lower 
the total value of 112, the less the soaring will be 
when grid current flows. 
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PRI 

(A) 

(B) 

fC Pcn 

(C) 

Fig. 7-23—Simple bias-supply circuits. In A, the peak 
transformer voltage must not exceed the operating value 
of bias. The circuits of B (half-wave) and C (full-wave) 
may be used to reduce transformer voltage to the rectifier. 

RI is the recommended grid-leak resistance. 

R, 

FROM BIAS ,R 
SUPPLY ' 

(A) 

BIAS 

2 
FROM BIAS BIAS 

SUPPLY VR 

VR 

FROM BIAS 

SUPPLY VR 

(C) 

Fig. 7-24—Illustrating the use of VR tubes in stabilizing 
protective- bias supplies. RI is a resistor whose value is 
adjusted to limit the current through each VR tube to 
5 ma. before amplifier excitation is applied. R and R2 

are current-equalizing resistors of 50 to 1000 ohms. 

BIAS 

A full-wave circuit is shown in Fig. 7-23C. R3 
and R4 should have the same total resistance and 
the taps should be adjusted symmetrically. In 
all cases, the transformer must he designed to 
furnish the current drawn by IIIs(‘ resistors plus 
the current drawn by Rt. 

Regulated Bias Supplies 

The inconvenience of the circuits shown in 
Fig. 7-23 and the difficulty of predicting 
values in practical application can be avoided 
in most cases by the use of gaseous voltage-
regulator tubes across the output of the bias 
supply, as shown in Fig. 7-24A. A VR tube 
with a voltage rating anywhere between the 
biasing-voltage value which will reduce the in-
put to the amplifier to a safe level when excita-
tion is removed, and the operating value of 
bias, should be chosen. RI is adjusted, with-
out amplifier excitation, until the Vit tube 
ignites and draws about 5 ma. Additional volt-
age to bring the bias up to the operating value 
when excitation is applied can be obtained 
from a grid leak resistor, as discussed in the 
transmitter chapter. 
Each Vit tube will handle 40 ma. of grid cur-

rent. If the grid current exceeds this value under 
any condition, similar VII, tubes should be added 
in parallel, as shown in Fig. 7-24B, for each 40 
ma., or less, of additional grid current. The 

VR 

FROM BIAS 

SUPPLY 

VR 

(D) 

VR 

FROM BIAS 

SUPPLY VR 

FROM BIAS 
SUPPLY 

(F) 

(E) 

BIAS 

BIAS 1 

BIAS 2 

- BIAS I 

•- BIAS 2 

BIAS 3 
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 X 

115VA C  6.3VAC 
y 

Fig 7-25—Circuit diagram of an electronically-regulated bias supply. 

C1-20-0. 450-volt electrolytic. 

C2— 20-af. 1 50-volt electrolytic. 

Ri- 5000 ohms, 25 watts. 

R2-22,000 ohms, 1/2  watt. 

R3-68,000 ohms, 1/2  watt. 

R4-0.27 megohm, 1/2 watt. 

R3-3000 ohms, 5 watts. 

Rn- 0.12 megohm, 1/2  watt. 

resistors R2 are for the purpose of helping to 
maintain equal currents through each VR tube, 
and should have a value of 50 to 1000 ohms or 
more. 

If the voltage rating of a single VR tube is 
not sufficiently high for the purpose, other VR 
tubes may be used in series (or series-parallel if 
required to satisfy grid-current requirements) as 
shown in the diagrams of Fig. 7-24C and D. 

If a single value of fixed bias will serve for 
more than one stage, the biasing terminal of 
each such stage may be connected to a single 
supply of this type, provided only that the 
total grid current of all stages so connected 
does not exceed the current rating of the VB. 
tube or tubes. Alternatively, other separate 
VR-tube branches may be added in any de-
sired combination to the same supply, as in Fig. 
7-24E, to adapt them to the needs of each stage. 

Providing the VR-tube current rating is not 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 
The circuit diagram of an electronically 

regulated bias-supply is shown in Fig. 7-25. 
The output voltage may be adjusted to any 
value between 40 volts and 80 volts and the 
unit will handle grid currents up to 35 ma. over 
the range of 50 to 80 volts, and 25 ma. over the 
remainder of the range. If higher current-
handling capacity is required, more 2A:3s can 
be connected in parallel with V3. The regula-
tion will hold to about 0.01 volt per milliampere 
of grid current. The regulator operates as fol-
lows: Since the voltage drop across V3 and V4 
is its parallel with the voltage drop across Vi 
and 1?5, any change in voltage across V3 will 
appear across /4 because the voltage drops across 
both VR tubes remain constant. /4 is a cathode 
biasing resistor for V2, so any voltage change 
across it appears as a grid-voltage change on V2. 
This change in grid voltage is amplified by V2 
and appears across 114 which is connected to the 
plate of V2 and the grids of V3. This change in 

R7-0.1-megohm potentiometer. 
Rs-27,000 ohms, 1/2  watt. 
14-20-hy. 50-ma, filter choke. 
Ti— Power transformer: 350 volts 

r.m.s. each side of center 
50 ma.; 5 volts, 2 amp.; 
6.3 volts, 3 amp. 

T2— 2.5,101t filament transformer 
(Thordarson 21F00). 

voltage swings the grids of 1'3 more positive or 
negative, arid thus varies the internal resistance 
of V3, maintaining the voltage drop across V3 
practically constant. 

Other Sources of Biasing Voltage 

In some cases, it may be convenient to ob-
tain the biasing voltage from a source other 
than a separate supply. A half-wave rectifier 
may be connected with reversed polarization 
to obtain biasing voltage from a low- voltage 
plate supply, as shown in Fig. 7-26A. In an-

(B) 

Fig. 7-26—Convenient means of obtaining biasing volt-
age. A—From a low-voltage plate supply. B—From 
spare filament winding. T: is a filament transformer, of a 
voltage output similar to that of the spare filament wind-
ing, connected in reverse to give 115 volts r.m.s. output. 
If cold-cathode or selenium rectifiers are used, no addi-

tional filament supply is required. 

other arrangement, shown at B, a spare fila-
ment winding can be used to operate a filament 
transformer of similar voltage rating in reverse 
to obtain a voltage of about 130 from the 
winding that is customarily the primary. This 
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will be sufficient to operate a VR75 or VR90 
regulator tube. 
A bias supply of any of the types discussed 

requires relatively little filtering, if the output-

terminal peak voltage does not approach the 
operating-bias value, because the effect of the 
supply is entirely or largely "washed out" when 
grid current flows. 

Selenium-Rectifier Circuits 
While the circuits shown in Figs. 7-27, 7-28 

and 7-29 may be used with any type of recti-
fier, they lind their greatest advantage when 
used wit h selenium rectifiers which require no 
filament transformer. These circuits must be 
used with caution, observing line polarity in the 
circuits so marked, to avoid shorting the line, 
since the negative output terminal should always 
be grounded. In circuits showing isolating trans-
formers, the transformer is a requirement, since 
without the transformer, the negative output 
terminal cannot be grounded in following good 
practice for safety without shorting out part of 
the rectifier circuit. In the circuits which do not 
show a transformer, the transformer is preferable, 
since it avoids the need for a correctly polarized 
power-line connection to prevent a short circuit. 

o-
II 5VAC 

o  
GND SIDE 

CT  o + 

Fig. 7-27—Simple half-wave circuit for selenium rectifier. 

CI-0.05-pf. 600-volt paper. 
C2-40-pf. 200-volt electrolytic. 
RI- 25 to 100 ohms. 

Fig. 7-27 is a straightforward half-wave 
reetifier circuit, which may be used in applica-
tions where 115 to 130 volts d.e. is desired. It 
can be used as a bias supply by reversing the 
polarity of the rectifier and capacitots. 
Three voltage-doubler circuits a re shown 

in Fig. 7-28. At A is a full-wave circuit, 
while the other two, at A and B, are half-

Fig. 7-28—Voltage-doubling circuits for use with 
selenium rectifiers. Maximum back voltage on 
rectifiers is 2.8 Erms. Voltage rating at least 1.4 
Eres for CI, at least 2.8 Erms for C2. 

CI — 40-gf. electrolytic. 
C2-40-µf. electrolytic. 
RI-25 to 100 ohms. 
Li — Filter choke. 
Ti— Isolation transformer. 
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wave eireuits. Although easier to filter, the circuit 
of A has the disadvantage that the output cannot 
be grounded directly unless an isolation transfor-
mer is used. B and C are similar, except that the 
series capacitor is in different sides of the circuit. 
The output of B can be grounded directly if 
proper line polarity is observed. Circuit C, 
which includes a filter for illustration purposes, 
requires an isolation transformer if the output 
is to be grounded, but since all three capacitors, 
including the filter capacitor, have a common 
negative connection, a triple-unit capacitor may 
be use(l where space must be conserved. 

Fig. 7-29 shows voltage tripler and quad-
rapier circuits. The circuit of A is a halfwave 
tripler. A full-wave tripler, requiring an addi-
tional rectifier element, is shown at B. The 
circuit of Fig. 7-29C is a half-wave voltage 
quadruplet.. The full-wave version is shown at 
D. Both full-wave circuits require an isolation 
transformer to permit grounding of the output. 

In the circuits of Figs. 7-28 and 7-29 where 
an isolation transformer is not shown, it is es-
sential that the indicated line polarity be ob-
served if the output is to be grounded. Other-
wise part of the circuit will be shorted out. 
The resistors RI are for rectifier protective 

purposes, and recommended minimum values 
are given in the table at the end of this section. 
The value of capacitance given is representative. 
Larger values will improve voltage regulation. 
Smaller values may be used at a sacrifice in 
regulat ion. 

GND. SIDE OF LINE 
(8) 



Selenium Rectifiers 

Fig. 7-29—A— Tripler circuit. B—Half-wave 
quadrupler. C— Full-wave quadrupler. 

C1-40-,(d. 200- volt electrolytic. 
C2-40-µf. 450-volt electrolytic. 
C3-48-µf. 600-volt electrolytic (three 16-µf. 

units in parallel). 
C4-48-1.d. 700- volt electrolytic ( three 16-pf. 

units in parallel). 
R1-25 to 100 ohms. 
Ti —Isolating transformer. 

(A) 

(B) 

( C ) 

Power-Line Considerations 
• POWER-LINE CONNECTIONS 

If the transmitter is rated at much more 
than 100 wat t s, special consideration should be 
given to the a.c. bill running into the station. 
In some residential systems, three wires are 
brought in from the outside to the distribution 
board, while in other systems there are only 
two wires. In the three-wire system, the third 
wire is the neutral which is grounded. The 
voltage bet ween the other two wires normally 
is 230, while half of this voltage ( 115) appears 
between each of these wires and neutral, as 
indicated in Fig. 7-30A. In systems of this 
type, usually it will be found that the 115-
volt household load is divided as evenly as 
possible between the two sides of the circuit, 
half of the load being connected between one 
wire and the neutral, while the other half of 
the load is connected between the other wire 
and neutral. Heavy appliances, such as electric 

NO FUSE 
OR SWITCH 

inn 
(B) (C) 

stoves and heaters, normally are designed for 
230-volt operation and therefore are connected 
across the two ungrounded wires. While both 
ungrounded wires should be fused, a fuse 
should never be used in the wire to the neutral, 
nor should a switch be used in this side of the 
line. The reason for this is that opening the 
neutral wire does not disconnect the equip-
ment. It simply leaves the equipment on one 
side of the 230-volt circuit in series with what-
ever load may be across the other side of the 
circuit, as shown in Fig. 7-30B. Furthermore, 
with the neutral open, the voltage will then be 
divided between the two sides in inverse propor-
tion to the load resistance, the voltage on one side 
dropping below normal, while it soars on the 
other side, unless the loads happen to be equal. 
The usual line running to baseboard outlets 

is rated at 15 amperes. Considering the power 
consumed by filaments, lamps, modu ator, re-
ceiver and other auxiliary equipment it is not 

(D) 
Fig. 7-30—Three-wire power- line circuits. A—Normal 3-wire- line termination. No fuse should be used in the grounded 
(neutral) lire. B— Showing that a switch in the neutral does not remove voltage from ether side of the line. C—Connections 
for both 115- and 230-volt transformers. D—Operating a 115-volt plate transformer from the 230-volt line to avoid 

light blinking. Ti is a 2-to-1 step-down transformer. 
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7 - POWER SUPPLIES 

unusual to find this 15-ampere rating exceeded 
by the requirements of a station of only mod-
erate power. It must also be kept in mind that 
the sanie branch may be in use for other house-
hold purposes through another outlet. For this 
reason, and to minimize light 1)1inking when 
keying or modulating the transmitter, a sepa-
rate heavier line should be run from the dis-
t ribut ion board to the st at ion whenever 
possible. (A three-volt drop in line voltage 
will cause noticeable light blinking.) 

If the system is of the three-wire type, the 
three wires should be brought into the station 
so liiit the load nui be distributed to keep the 
line balanced. The voltage across a fixed load 
on one side of the circuit will increase as the 
load current on the other side is increased. 
The rate of increase will depend upon the resist-
ance introduced by the neutral wire. If the 
resistance of the neutral is low, the increase 
will be correspondingly small. When the cur-
rents in the two circuits are balanced, no current 
flows in the neutral wire and the system is 
operating at maximum efficiency. 

Light blinking can be minimized by using 
transf, inners with 230-volt primaries in the 
power supplies for the keyed or intermittent part 
of the load, comn•cting them across the two 
ungrounded wires with no connection to the 
neutral, as shown in Fig. 7-30C. The same 
can be accomplished by the insertion of a step-
(lown transformer whose primary operates at 
230 volts and whose secondary delivers 115 
volts. Conventional 115-volt transformers 
may be operated from the secondary of the 
step-down transformer (see Fig. 7-301)). 
When a special heavy-duty line is to be in-

stalled, the local power company should be 
consulted as to local requirements. In some 
localities it is necessary to have such a job 
done by a licensed electrician, and there may 
be special requirement s to be met in regard to 
fittings and the manner of installation. Some 
amateurs terminate the special line to the 
station at a switch box, while others may use 
elect tic-stove receptacles as the termination. The 
power is then distributed around the station by 
means of conventional outlets at convenient 
points. All circuits should be properly fused. 

Fusing 

All transformer primary circuits should be 
properly fused. To determine the approximate 
current rating of the fuse to be used, multiply 
cadi current being drawn from the supply in 
amperes by the voltage at which the current is 
being drawn. Include the current taken by 
bleeder resistances and voltage dividers. In 
the ease of series resistors, use the source voltage, 
not the voltage at the equipment end of the 
resistor. Include filament power if the transformer 
is supplying filaments. After multiplying the 
various voltages and currents, add the individual 
products. Then divide by the line voltage and 
add 10 or 20 per cent. Use a fuse with the nearest 
larger current rating. 

• LINE-VOLTAGE ADJUSTMENT 
in certain communities trouble is sometimes 

experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a 
variation in the load on the line and, since 
most of the variation comes at certain fixed 
times of the day or night, such as the times 
when lights are turned on at evening, they may 
be taken care of by the use of a manually 
operated compensating device. A simple ar-
rangement is shown in Fig. 7-3IA. A toy trans-
former is used to boost or buck the line voltage 

(A) 

Fig. 7-31—Two methods of transformer primary control. 
At A is a tapped toy transformer which may be connected 
so as to boost or buck the line voltage as required. At B 
is indicated a variable transformer or autotransformer 

(Variac) which feeds the transformer primaries. 

as required. The transformer should have a 
tapped secondary varying between 6 and 20 
volts in steps of 2 or 3 volts and its secondary 
should be capable of carrying the full load cur-
rent of the entire transmitter, or that portion 
of it fed by the toy transformer. 
The secondary is connected in series with the 

line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmitter transformers can be brought 
up to the rated 115 volts by setting the toy-trans-
former tap switch on the right tap. If the 
phasing of the two windings of the toy trans-
former happens to be reversed, the voltage will 
be reduced instead of increased. This connec-
tion may be used in cases where the line voltage 
may be above 115 volts. This method is pref-
erable to using a resistor in the primary of a 
power transformer since it does not affect the 
voltage regulation as seriously. The circuit of 
7-31B illustrates the use of a variable autot rans-
former ( Variac) for adjusting line voltage. 

Another scheme by which the primary volt-
age of each transformer in the transmitter may 
be adjusted to give a desired secondary voltage, 
with a master control for compensating for 
changes in line voltage, is shown in Fig. 7-32. 

This arrangement has the following features: 
1) Adjustment of the switch SI to make the 

voltmeter read 105 volts automatically adjusts 
all transformer primaries to the predetermined 
correct voltage. 
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2) The necessity for having all primaries 
work at the same voltage is eliminated. Thus, 
110 volts can be applied to the primary of one 
transformer, 115 to another, etc., as required to 
obtain the desired output voltage. 

3) Independent control of the plate trans-
former is afforded by the tap switch S2. This 
permits power-input control and does not re-
quire an extra autotransformer. 

Constant- Voltage Transformers 

Although comparatively expensive, special 

Fig. 7-32—With this circuit, a single adjustment 
of the tap switch Si places the correct primary 

voltage on all transformers in the transmitter. 

transformers called constant-voltage transform-
ers are available for use in cases where it is 
necessary to hold line voltage and/or filament 
voltage constant with fluctuating supply-line 
voltage. They are rated over a range of 17 v.a. 
at 6.3 volts output, for small tube-heater de-
mands, up to several thousand volt-amperes at 
115 or 230 volts. In average figures, such trans-
formers will hold their output voltages within 
one per cent under an input-voltage variation 
of 30 per cent. 

Construction of Power Supplies 

The length of most leads in a power supply 
is unimportant, so that the arrangement of 
components from this consideration is not a 
factor in construction. More important are 
the points of good high-voltage insulation, 
adequate conductor size for filament wiring, 
proper ventilation for rectifier tubes and — 
most important of all — safety to the operator. 
Exposed high-voltage terminals or wiring 
which might be bumped into accidentally 
should not be permitted to exist. They should 
be covered with adequate insulation or placed 
inaccessible to contact during normal opera-
tion and adjustment of the transmitter. Power-
supply units should be fused individually. All 
negative terminals of plate supplies and positive 
terminals of bias supplies should be securely 
grounded to the chassis, and the chassis connected 
to a waterpipe or radiator ground. All trans-
former, choke, and capacitor eases should also 
be grounded to the chassis. A.c. power cords and 
chassis connectors should be arranged so that ex-
posed contacts are never " live." Starting at the 
conventional a.c. wall outlet which is female, one 
end of the cord should be fitted with a male plug. 
The other end of the cord should have a female 
receptacle. The input connector of the power 
supply should have a male receptacle to fit the 
female receptacle of the cord. The power-output 
connector on the power supply should be a female 
socket. A male plug to fit this socket should be 

connected to the cable going to the equipment. 
The opposite end of the cable should be fitted 
with a female connector, and the series should 
terminate with a male connector on the equip-
ment. If connections are made in this manner, 
there should be no " live" exposed contacts at 
any point, regardless of where a disconnection 
may be made. 

Rectifier filament leads should be kept short 

Fig. 7-33—A typical low-voltage power supply. The 
two a.c, connectors permit independent control of filament 

and high voltage. 
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7- POWER SUPPLIES 
to assure proper voltage at the rectifier socket, 
through a metal chassis, grommet-lined clear-
ance holes will serve for voltages up to 500 or 
750, but ceramic feed-though insulators 
should be used for higher voltages. Bleeder and 
voltage-dropping resistors should be placed 
where they are open to air circulation. Placing 
them in confined space reduces the rating. 

Fig. 7-34. A bottom view of the low-voltage power 
supply. The separate filament transformer is mounted 
against the lower wall of the chassis. The electrolytic filter 
capacitors are mounted on terminal strips. Rubber 
grommets are used where wires pass through the chassis. 

It is highly preferable from the standpoint 
of operating convenience to have separate 
filament transformers for the rectifier tubes, 
rat her than to use combination filament and 
plate transformers, such as t hose used in re-
ceivers. This permits the transmitter plate 
vo lt age t o sw it ched on (vit bout the necessity 
for waiting for reetifier li la ments to come up 
to temperature after each time the high voltage 
has liven turned off. When using a combination 
power transformer, high voltage may be turned 
off without turning the filaments off by using 
a switch bet ween the transformer center tap 
and chassis. This switch should be of the rotary 

Fig. 7-35—A typical high-voltage 
supply. The sockets for the 866A 
mercury-vapor rectifier tubes are 
spaced from the metal chassis by 
small cone insulators. Note the 
insulated tube plate connectors, 
the safety high-voltage output 

terminal and the fuse. 

type with good insulation between contacts. 
The shaft of the switch must be grounded. 

• SAFETY PRECAUTIONS 
All power supplies in an installation should 

be fed through a single main power-line switch 
so that all power may be cut off quickly, either 
before working on the equipment, or in ease 
of an accident. Spring-operated switches or relays 
are not sufficiently reliable for this important 
service. Foolproof devices for cutting off all power 
to the transmitter and other equipment are shown 
in Fig. 7-37. The arrangements shown in Fig. 7-
37A and B are similar circuits for two-wire ( 115-
volt) and three-wire (230-volt) systems. 8 is an 
enclosed double-throw knife switch of the sort 
usually used as the entrance switch in house 
installations. J is a standard a.c. outlet and P a 
shorted plug to fit the outlet. The switch should 
be located prominently in plain sight and mem-

Fig. 7-36—Bottom view of the high-voltage supply. The 
electrolytic capacitors (connected in series) are mounted 
on an insulating board. Voltage-equalizing resistors are 
connected across each capacitor. Separate input con-
nectors are provided for filament and plate power. 
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(C) 
Fig. 7- 37— Reliable arrangements for cutting off all 
power to the transmitter, S is an enclosed double-pole 

knife-type switch, 1 a standard a.c. outlet. P a shorted 
plug to fit the outlet and I a red lamp. 

A is for a two-wire 115- volt line, B for a three-wire 

230-volt system, and C a simplified arrangement for 
low-power stations. 

bers of the household should be instructed in its 
location and use. J is a red lamp located alongside 
the switch. Its purpose is not so much to serve 
as a warning that the power is on as it is to help 
in identifying and quickly locating the switch 
should it become necessary for someone else to 
cut the power off in an emergency. 
The outlet J should be placed in some corner 

out of sight where it will not be a temptation for 
children or others to play with. The shorting plug 
can be removed to open the power circuit if there 
are others around who might inadvertently throw 
the switch while the operator is working on the 
rig. If the operator takes the plug with him, it 
will prevent someone from turning on the power 

Silicon Rectifier Table 

JETEC Max. R.M.S. Max. D.C. 
Type Input Volte Load Curn ni 

1N1082 140 500 ma. 
1N1084 280 500 ma. 
1N1109 840 425 ma. 
1N1110 1120 400 ma. 
1N1113 1960 325 ma. 

*M150 130 150 ma. 
*M500 130 500 ma. 

*Sarkes-Tarzian type number. 

in his absence and either injuring themselves or 
the equipment or perhaps starting a fire. Of ut-
most importance is the fact that the outlet J must 
be placed in the ungrounded side of the line. 
Those who are operating low power and feel 

that the expense or complication of the switch 
isn't warranted can use the shorted-plug idea as 
the main power switch. In this case, the outlet 
should be located prominently and identified by 
a signal light, as shown in Fig. 7-37C. 
The test bench ought to be fed through the 

main power switch, or a similar arrangement at 
the bench, if the bench is located remote from 
the transmitter. 
A bleeder resistor with a power rating giving 

a considerable margin of safety should be used 
across the output of all transmitter power sup-
plies so that the filter capacitors will be dis-
charged when the high-voltage transformer is 
turned off. 

Selenium-Rectifier Table 

All types listed below are rated as follows: Max. 
input rama. volts — 130, Max. peak inverse volts 
— 380. Series resistors of 47 ohms are recoin-
mended for units rated at less than 65 nia., 22 
ohms for 75- and 100-ma. units, 15 olimos for 150-ma. 
units, and 5 ohms for all higher-current units. 

D.C. 
Ma. 

Output 

Manufacturer 

A 

20 
30 
35 
50 
65 
75 
100 
150 
200 
250 
300 
350 
400 
450 
500 
600 
1000 

1159 

1002A 
1003A 
1004A 
1005A 
1006A 
1028A 
1090A 
1023 
1130 

1179 

RS65Q 
RS65 
RS75 
RS100 
RS150 
ItS200 
ltS250 
RS300 
RS350 
RS400 
RS450 
RS500 

RS1000 

8520 

8535 

6565 
6575 
65100 
65150 
65200 
65250 
65300 
65350 
65400 
65450 
65.500 

D E 

8Y1 

50 
8J1 65 
5514 75 
51%11 100 
SPI 150 
SRI 200 
5Q1 250 
6Q4 300 
5Q51 
5S2 400 

5S1 500 
• • • • 600 

• . • • 
• • . • 

NB-5 
NC-5 
ND-5 
NE-5 
NF-5 

NK-5 
NI-1-5 
NJ-5 

A — Federal. B — International. C — Mal ory. 
D — Radio Receptor. E — Sarkes-Tarzian. F — 
Sylvania. 

Germanium Rectifier Table 

(All 300 ma. d.c. output) 

JETEC 
Type 

Max. R.M.S. 
Volte Input 

JETEC 
Type 

Max. R.M.S. 
Volte Input 

JETEC 
Type 

Max. R.M.S. 
Volte Input 

1.N600 
1N601 
1N602 
1N604 
1N605 
I N599A 

70 
105 
140 
280 
350 
35 

1N600A 
1N603A 
1N604A 
1N605A 
11%1607 
1 N608 

70 
210 
280 
350 
35 
70 

1N611 
1N613 
1N607A 
1N608A 
1N611A 
1N612A 

210 
350 
35 
70 

210 
280 
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CHAPTER 8 

Keying and Break-1n 
Section 12.133 of the FCC regulations says 

". . . The frequency of the emitted . . . wave 
shall be as constant as the state of the art per-
mits." It also says ". . . spurious radiation shall 
not be of sufficient intensity to cause interference 
in receiving equipment of good engineering de-
sign including adequate selectivity character-
istics, which is tuned to a frequency or frequencies 
outside the frequency band of emission normally 
required for the type of emission being employed 
by the amateur station." 
The state of the art is such that an emitted 

wave can be mighty stable, yet many code (and 
phone) stations show f.m. and chirp that leaves 
them open to a citation by the Commission. Key 
clicks (and splatter) represent violations of the 
spurious radiation clause, and it isn't hard to find 
evidences of them in any of the ham bands. 

There are four factors that have to be consid-
ered in the keying of a transmitter. They are r.f. 
clicks, envelope shape, chirp and backwave. 

R.F. Clicks 

When any circuit carrying d.c. or a.c. is closed 
or broken, the small or large spark (depending 
upon the voltage and current) generates r.f. dur-
ing the instant of make or break. This r.f. covers 
a frequency range of many megacycles. When a 
transmitter is keyed, the spark at the key (and 
relay, if used) causes a click in the receiver. This 
click has no effect on the transmitted signal. Since 
it occurs at the same time that a click (if any) 
appears on the transmitter output, it must be 
removed if one is to listen critically to his own 
signal within the shack. A small r.f. filter is re-
quired at the contacts of the key (and relay); 
typical circuits and values are shown in Fig. 8-1. 
To check the effectiveness of the r.f. filter, listen 
on a lower-frequency band than the transmitter 
is tuned to, with a short antenna and the gain 
backed off. 

Envelope Shape 

The key clicks that go out on the air with the 
signal are controlled by the shape of the envelope 
of the signal. The envelope is the outline of the 
oscilloscope pattern of your transmitter output, 
but an oscilloscope isn't needed to observe the 
effects. Fig. 8-2 shows representative scope pat-
terns that might be obtained with a given trans-
mitter under various conditions. 
One should understand that the on-the-air clicks 

are determined by the shaping, while the r.f. clicks 
caused by the spark at the key can only be heard 
in the station receiver and possibly a broadcast 
receiver in the same house or apartment. 

Chirp 

The frequency-stability reference in the open-
ing paragraph refers to the " chirp" observed on 

many signals. This is caused by a change in fre-
quency of the signal during a single dot or dash. 
Chirp is an easy thing to detect if you know how 
to listen for it, although it is amazing how some 
operators will listen to a signal and say it has 
no chirp when it actually has. The easiest way 
to detect chirp is to tune in the code signal at 
a low beat note and listen for any change in 
frequency during a dash. The lower the beat 
note, the easier it is to detect the frequency 
change. Listening to a harmonic of the signal 
will accentuate the frequency change. 
The main reason for minimizing chirp, aside 

from complying with the letter of the regulations, 
is one of pride, since a properly shaped chirp-free 
signal is a pleasure to copy and is likely to attract 
attention by its rarity. Chirps cannot be observed 
on an oscilloscope pattern of the envelope. 

A 

  T 
lc, 

RFC, 

To Key Jack or 
Keyed Stage 

grounded Stde 

To Key Jack or 
Keyed Stage 

grounded side 

To key Jack or 
Keyed Stage 

RFc2 grounded Side 

Fig. 8-1—Typical filter circuits to apply at the key (and 
relay, if used) to minimize r.f. clicks. The simFlest circuit 
(A) is a small capacitor mounted at the key. If this proves 
insufficient, an r.f. choke can be added to the ungrounded 
lead (B) or in both leads (C). The value of C; is .001 to 
.01 0., RFC; and RFC2 can be 0.5 to 2.5 mh., with a 
current-carrying ability sufficient for the current in the 
keyed circuit. In difficult cases another small capacitor may 
be required on the other side of the r.f choke or chokes. 
In all cases the r.f. filter should be mounted right at the 
key or relay terminals; sometimes the filter can be con-
cealed under the key. When cathode or center-tap keying 
is used, the resistance of the r.f. choke or chokes will add 
cathode bias to the keyed stage, and in this case a high. 
current low-resistance choke may be required, or com-
pensating reduction of the grid- leak bias ( if it is used) 
may be needed. 
A visible spark on "make" can often be reduced by the 

addition of a small ( 10 to 100 ohms) resistor in series 
with CI (inserted at point "x"). Too high a value of resistor 
reduces the arc-suppressing effect on "break." 
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Keying Factors 

RISE 

A 

Fig. 8-2—Typical oscilloscope displays of a code trans-
mitter. The rectangular-shaped dots (A) have serious key 
clicks extending many kc. either side of the transmitter 
frequency. Using proper shaping circuits increases the rise 
and decay times to give signals with the envelope form 
of B. This signal would have practically no key clicks. 
Carrying the shaping process too far, as in C, results in a 
signal that is too "soft" and is not easy to copy. 

Backwave 

The last factor is " backwave," a signal during 
key-up conditions from some amplifier-keyed 
transmitters. Some operators listening in the 
shack to their own signals and hearing a back-
wave think that the backwave can be heard on 
the air. It isn't necessarily so, and the best way 
to check is with an amateur a mile or more away. 
If he can't hear a backwave on the S9+ signal, 
you can be sure that it isn't there when the signal 
is weaker. Backwave is undesirable because it 
makes a signal harder to copy, even with ac-
ceptable shaping and no chirp. 

Amplifier Keying 

Many two-, three- and even four-stage trans-
mitters are utterly incapable of completely chirp-
free amplifier keying I iecause the severe " modula-
tion" of the output stage has an effect on the 
oscillator frequency and " pulls" through the 
several stages. This is particularly true when the 
oscillator stage is on the same frequency as the 
keyed output stage, but it can also happen when 
frequency multiplying is involved. Another source 
of reaction is the variation in oscillator supply 
voltage under keying conditions, although this 
can usually be handled by stabilizing the oscilla-
tor supply with a VR tube. If the objective is a 
completely chirp-free transmitter, the very first 
step is to make sure that keying the contemplated 
amplifier stage (or stages) has no effect on the 
oscillator frequency. This can be checked by 
listening on the oscillator frequency while the 
amplifier stage is keyed. Listen for chirp on either 
side of zero beat to eliminate the possible effect of 
a chirpy receiver caused by line-voltage changes 
or pulling. If no chirp of the steadily running 
oscillator can be detected, the transmitter can be 
keyed without chirp in the stage or stages used 
for the test. This is no assurance that the trans-
mitter can be keyed without chirp in an earlier 
stage until the same test is passed by the earlier 
stage. 
An amplifier can be keyed by any method that 

reduces the output to zero. Neutralized stages 

can be keyed in the cathode circuit, although 
where powers over 50 or 75 watts are involved it 
is often desirable to use a keying relay or vacuum 
tube keyer, to minimize the chances for electrical 
shock. Tube keying drops the supply voltages 
and adds cathode bias, points to be considered 
where maximum output is required. Blocked-
grid keying is applicable to many neutralized 
stages, but it presents problems in high-powered 
amplifiers and requires a source of negative 
voltage. Output stages that aren't neutralized, 
such as many of the tetrodes and pentodes in 
widespread use, will usually leak a little and show 
some backwave regardless of how they are keyed. 
In a case like this it may be necessary to key two 
stages to eliminate backwave. They can be keyed 
in the cathodes, with blocked-grid keying, or in 
the screens. When screen keying is used, it is not 
always sufficient to reduce t he screen voltage to 
zero; it may have to be pulled to some negative 
value to bring the key-up plate current to zero, 
unless fixed negative control-grid bias is used. It 
should be apparent that where two stages are 
keyed, keying the earlier stage must have no 
effect on the oscillator frequency if completely 
chirp-free output is the goal. 

ro Key 
or Relay 

A 

Fig. 8-3—The basic cathode (A) and center-tap ( B) keying 
circuits. In either case CI is the r.f. return to ground, shunted 
by a larger capacitor for shaping. Voltage ratings at 
least equal to the cut-off voltage of the tube are required. 
Ti is the normal filament transformer. C2 can be about 
0.01 µf. 

The shaping of the signal is controlled by the values 
of Li and CI. Increased capacitance at CI will make the 
signal softer on break; increased inductance at Li will 
make the signal softer on make. In many cases the make 
will be satisfactory without any inductance. 

Values at CI will range from 0.5 to 4 µf., depending 
upon the tube type and operating conditions. The value 
of Li will also vary with tube type and conditions, and 
may range from a fraction of a henry to several henrys. 
When tetrodes or pentodes are keyed in this manner, a 
smaller value can sometimes be used at C1 if the screen-
voltage supply is fixed and not obtained from the plate 
supply through a dropping resistor. 

Oscillators keyed in the cathode circuit cannot be soft-
ened on break indefinitely by increasing the value of CI 
because the grid-circuit time constant enters into the action. 
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A 

8LOGArNG VOLTAGE 

To Cathode 
ot hey* istaye 

transmiller 
chassis 

TO key 

8LOCIONG VOLTAGE 

Fig. 8-4—The basic circuit for blocked-grid keying is shown at A. 
RI is the normal grid leak, and the blocking voltage must be at least 
several times the normal grid bias. The click on make can be reduced 
by making Ci larger, and the click on break con be reduced by mak-
ing R2 larger. Usually the value of R2 will be 5 to 20 times the re-
sistance of Ri. The power supply current requirement depends upon 
the value of R2, since closing the key circuit places R2 across the blocking 
voltage supply. 

An allied circuit is the vacuum-tube keyer of B. The tube Vi is con-
nected in the cathode circuit of the stage to be keyed. The values of 
Ci, RI and R2 determine the keying envelope in the same way that 
they do for blocked- grid keying. Values to start with might be 0.47 
megohm for Ri, 4.7 megohm for R2 and 0.0047 µf. for Ci. 

The blocking voltage supply must deliver several hundred volts, 
but the current drain is very low. The 6B4-G or other low plate-
resistance triode is suitable for Vi. To increase the current-carrying 
ability of a tube keyer, several tubes can be connected in parallel. 
A vacuum-tube keyer adds cathode bias and drops the supply 

voltages to the keyed stage and will reduce the output of the stage. 

Shaping of the keying is obtained in several 
ways. Itlocked-grid and vacuum-tube key ers get 
suitable shaping with proper choice of resistor 
and raparitor values. while cathode and semen-
grid keying can shaped by using inductors 
and eitparitors. Sample circuits are shown in 
Figs. 8-3, 8-4 and 8-5, together with instructions 
for a(ljustment. There is no " best" adjust-
ment, since this is a matter of personal preference 
and what you want your signal to sound like. 
Most operators seem to like the make to be heav-
ier than the break. All of the circuits shown here 
are capable of a wide range of adjustment. 

If the negative supply in a grid-block keyed 
stage fails, the tube will draw excessive key-up 
current. To protect against tube damage in this 
eventuality, an overload relay can be used or, 
more simply, a fast-acting fuse can be included 
in the cathode circuit. 

Oscillator Ke ying 

The reader may wonder why osrillator keying 
hasn't been mer it earlier, sin 't' it is widely 
used. The sad fact of life is that exrellent oscil-
lator keying is infinitely more difficult to obtain 
than is excellent amplifier keying. If the objective 
is no detectable chirp, it is probably impossible 
to obtain with oscillator keying, particularly on 
the higher frequencies. The reasiins are simple. 
Any keyed-oscillator transmitter requires shap-
ing at the oscillator, which involves changing the 
operating conditions of the oscillator over a 
significant period of time. The output of the 

Excitahon 

oscillator doesn't rise to full value im-
mediately, so the drive on the follow-
ing stage is changing, which in turit 
max reflect a variable load on the os-
cillittor. No ()will:it or has devise (I 
that has no change in frequency over 
its entire operating voltage range and 
with a changing load. Furthermore, 
the shaping of the keyed-oseillator en-
velope usually has to be exaggerated, 
because the following stages will tend 
to sharpen up the keying and intro-
duce clieks unless they are operat ( II as 
linear amplifiers (as described in detail 
later). 

Acceptable oscillator keying can 
be obtained on the lower-frequency 
bands, and the methods used to key 
tunplitiers can be used, but chirp-free 
clickless oscillator keying is probably 
not possibhi at the higher frequencies, 
unless at some future date a com-
pletely voltage-insensitive oscillator 
circuit is devised. Often some addi-
tional shaping of the signal will be in-
trotluce(I on " make" through the use 
of a (lamp tul s' in the output amplifier 
stage. bemuse the time eonstant of the 
sereen bypass capacitor plus screen 
dropping resistor increases the screen-
voltage ris:' time, but it is of no help 
on the "break" portion of the signal. 

DRIVER FINAL 

FW R a 

e4 = 

  Keyutg Relay 

Fig. 8-5—When the driver stage plate voltage is roughly 
the same as the screen voltage of a tetrode final ampli-
fier, combined screen and driver keying is an excellent 
system. The envelope shaping is determined by the values 
of Li, Ci, and Rit, although the r.f, bypass capacitors 
CI, C2 and Cii also have a slight effect. RI serves as an 
excitation control for the final amplifier, by controlling 
the screen voltage of the driver stage. If a triode driver is 
used, its plate voltage can be varied for excitation control. 

The inductor Li will not be too critical, and the secondary 
of a spare filament transformer can be used if a low-induct-
ance choke is not available. The values of C4 and R3 will 
depend upon the inductance and the voltage and current 
levels, but good starting values ore 0.1 of, and 50 ohms. 

To minimize the possibility of electrical shock, it is recom-
mended that a keying relay be used in this circuit, since 
both sides of the circuit are "hot." As in any transmitter, 
the signal will be chirp- free only if keying the driver stage 
has no effect on the oscillator frequency. 
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Stages to Key 

Break-In Keying 

The usual argument for oscillator keying is 
that it permits break-in operation, which is true. 
If break-in operation is not contemplated and as 
near perfect keying as possible is the objective, 
then keying an amplifier or two by the methods 
outlined earlier is the solution. For operating 
convenience, an automatic transmitter " turner-
onner" (see Campbell, QS7', Aug., 1956), which 
will turn on the power supplies and switch an-
tenna relays and receiver muting devices, can be 
used. The station switches over to the complete 
"transmit" condition where the first dot is sent, 
and it holds in for a length of time dependent 
upon the setting of the delay. It is equivalent to 
voice-operated phone of the type commonly used 
by s.s.b. stations. It does not permit hearing the 
other station whenever the key is up, as does full 
break-in. 

Full break-in with excellent keying is not easy 
to come by, but it is easier than many amateurs 
think. Many use oscillator keying and put up 
with nd-best signal. 

Three solutions to chirp-free break-in keying 
have I » ,eit developed. One is the " silent v.f.o.," 
which consists of a well-shielded oscillator and 
buffer stage running continuously at a low fre-
quency. The output is keyed before it gets out 
of the shielded compartment, and in some appli-
cations several subsequent stages are also keyed. 

GRID LEAK 
OR R F 
(-NONE 

OSCILLATOR 

VR-I50 

6J5 

+100 

3 

AMPLIFIER OR TUBE BEYER 

47K/SW 

2 
+7 meg 

— 400 

FIXED SCREEN 
VO TAGE 

Fig. 8-6—When satisfactory blocked-grid or tube keying 
of an amplifier stage has been obtained, this VR-tube 
break-in circuit can be applied to the transmitter to furnish 
differential keying. The constants shown here are suitable 
for blocked-grid keying of a 6146 amplifier; with a tube 
keyer the 6J5 and VR tube circuitry would be the same. 

With the key up, sufficient current flows through 123 
to give a voltage that will cut off the oscillator tube. 
When the key is closed, the cathode voltage of the 615 
becomes close to ground potential, extinguishing the VR 
tube and permitting the oscillator to operate. Too much 
shunt capacity on the leads to the VR tube, and too large 
a value of grid capacitor in the oscillator, may slow down 
this action, and best performance will be obtained when 
the oscillator (turned on and off this way) sounds "clicky." 

The output envelope shaping is obtained in the amplifier, 
and it can be made softer by increasing the value of CI. 
If the keyed amplifier is a tetrode or pentode, the screen 
voltage should be obtained from a fixed voltage source 
or stiff voltage divider, not from the plate supply through 
a dropping resistor. 
A switch connected in series with the VR tube will, when 

opened, turn on the oscillator for "frequency spotting." 

A second approach is to use a conversion ex-
citer, in which two oscillators (one crystal-con-
trolled, one v.f.o.) run continuously and their 
outputs, with suitable buffer stages intervening, 
are fed to a mixer stage. The mixer stage output 
is the sum or difference frequency of the two 
oscillator frequencies, which have been selected 
to give a sum or difference in an amateur band. 
When the mixer stage is turned off by keying, no 
output appears in the amateur band, and the 
effect is the same as keying an oscillator stage 
that cannot possibly chirp. The oscillator fre-
quencies must be selected carefully so that none 
of their harmonics Fall within an amateur band, 
and sufficient select ivity must be present in stages 
following the mixer to insure that no spurious 
signals are amplified. 

Differential Keying 

A third approach is to turn the oscillator on 
fast before a keyed amplifier stage can pass any 
signal and turn off the oscillator fast after the 
keyed amplifier stage has eut off. The principle 
is called " differential keying" and a number of 
circuits have been devised for accomplishing the 
action. One of the simplest can be applied to 
any grid-block keyed amplifier or tube-keyed 
stage by the adult ion of a triode and a VIt tube, 
as in Fig. 8-6. Using this keying system for 
break-in, the keying will be chirp-free if it is 
chirp-free with the VR tube removed from its 
socket, to permit the oscillator to run all of the 
time. If the transmitter can't pass this test, it 
indicates that more isolation is required between 
keyed stage and oscillator. 

Another VR-tube differential keying circuit, 
useful when the screen-grid circuit of an amplifier 
is keyed, is shown in Fig. 8-7. The normal screen 
keying circuit is made up of the shaping capacitor 
Ci, the keying relay (to remove dangerous volt-

OSCILLATOR KEYED STAGE 

HI  
GRID LEAK 
OR R. F. 
CHOKE 

R2 

KEYING RELAY 

Fig. 8-7—VR-tube differential keying in an amplifier 
screen circuit. 

With key up and current flowing through VI and Vz, 
the oscillator is cut off by the drop through R3. The keyed 
stage draws no current because its screen grid is negative. 
C; is charged negatively to the value of the— source. 
When the relay is energized, C; charges through RI to a 
+ value. Before reaching zero (on its way + 1 there is 
insufficient voltage to maintain ionization in V2, and the 
current is broken in R3, turning on the oscillator stage. As 
the screen voltage goes positive, the VR tube, Vz, cannot 
reignite because the diode, VI, will not conduct in that 
direction. The oscillator and keyed stage remain on as long 
as the relay is closed. When the relay opens, the voltage 
across CI must be sufficiently negative for V2 to ionize 
before any bleeder current will pass through Ra. By this 
time the screen of the keyed stage is so far negative that 
the tube has stopped conducting. 
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ages from the key), and the resistors RI and R2. 
The + supply should be 50 to 100 volts higher 
than the normal screen voltage, and the — volt-
age should be sufficient to ignite the VII, tube, 
172, through the drop in 112 and 113. Current 
through R2 will be determined by voltage re-
quired to cut off oscillator; if 10 volts will do it 
the current will be I ma. For a desirable keying 
characteristic, RI will usually have a higher value 
than RI. Increasing the value of CI will soften 
both " make" and " break." 
The tube used at V2 will depend upon the 

available negative supply voltage. If it is be-
tween 120 and 150, a 0A3/V1175 is recommended. 
Above this a 0C3/VR105 can be used. The diode, 
171, can be any diode operated within ratings. A 
6A1,5 will suffice with screen voltages under 250 
and bleeder currents under 5 ma. For maximum 
life a separate heater transformer should be used 
for the diode, with the cathode connected to one 
side of the heater wirpling. 

Clicks in Later Stages 

It was mentioned earlier that key clicks can be 
generated in amplifier stages following the keyed 
stage or stages. This is often a puzzling problem 
to an operator who has spent considerable time 
adjusting the keying in his exciter unit for click-
less keying, only to find that the clicks are bad 
when the amplifier unit is added. There are two 
possible causes for the clicks: low-frequency para-
sitic oscillations and amplifier " clipping." 

Under some conditions an amplifier will be 
momentarily triggered into low-frequency para-

sitie oscillations, and clicks will be generated 
when the amplifier is driven by a keyed exciter. 
If these clicks are the result of low-frequency 
parasitie oscillations, they will be found in 
"groups" of clicks occurring at 50- to 150-kc. 
intervals either side of the transmitter frequency. 
Of course low-frequency parasitic oscillations 
can be generated in a keyed stage, and the op-
erator should listen carefully to make sure that 
the output of the exciter is clean before he blames 
a later amplifier. 14)w-frequency parasitic oscilla-
tions are usually caused by poor choice in r.f. 
choke values, and the use of more inductance in the 
plate choke than in the grid choke for the same 
stage is recommended. (See Chapter Six and 
"low-frequency parasitic oscillations.") 
When the clicks introduced by the addition of 

an amplifier stage are found only near the trans-
mitter frequency, amplifier " clipping" is indi-
cated. It is quite common when fixed bias is used 
on the amplifier and the bias is well past the 
"eut-off" value. The effect can usually be mini-
mized or eliminated by using a combination of 
fixed and grid-leak bias for the amplifier stage. 
The fixed bias should be sufficient to hold the 
key-up plate current only to a low level and not 
to zero. In a triode amplifier, overdriving the 
amplifier can also result in clipping that will 
add key clicks, and the cure is to reduce the drive. 
The output won't suffer appreciably. 
A linear amplifier (Class A131, AB2 or B) will 

amplify the excitation without adding any 
clicks, and if clicks show up a low-frequency 
parasitic oscillation is probably the reason. 

Testing Your Keying 

The choice of a keying circuit is nut as im-
portant as its testing. Any of the circuits shown 
in this chapter can be in:eli to give satisfactory 
keying, but must be ailjusted properly. 
The easiest way to find out what your keyed 

signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a 
short QS0. If he is a half mile or so away, 
that's fine, but any distance where the signals are 
still S9 will be satisfactory. 

After you have found out how to work his 
rig, make contact and then have him send slow 
dashes, with dash spacing. (The letter "T" at 
al)iut S w. 11.113.) With minimum selectivity, cut 
the r.f. gain back just enough to avoid receiver 
overloading (the condition where you get crisp 
signals instead of mushy ones) and tune slowly 
from out of beat-note range on one side of the 
signal through to zero and out the other side. 
Knowing the tempo of the dashes, you can 
readily identify any clicks in the vicinity as 
yours or someone else's. A good signal will have 
a thump on "make" that is perceptible only 
where you can also hear the beat note, and the 
click on "break" should be practically negli-
gible at any point. Fig. 8-8A shows how it 
should sound. If your signal is like that, it will 
sound good, provided there are no chirps. Then 

have him run off a string of 35- or 40-w.p.m. 
dots with the bug — if they are easy to copy, 
your signal has no "tails" worth worrying 
about and is a good one for any speed up to 
the limit of manual keying. Make one last check 
with the selectivity in ( Fig. 8-8B), to see that the 
clicks off the signal are negligible even at high 
signal level. 

If you don't have any convenient friends 
with whom to trade stations, you can still 
check your keying, although you have to be 
a little more careful. The first step is to get rid 
of the r.f. click at the key, as described earlier, 
because if you don't you cannot make further 
observations. 
So far you haven't done a thing for your 

signal on the air and you still don't know what 
it sounds like, but you may have cleaned up 
some clicks in the broadcast set. Now disconnect 
the antenna from your receiver and short the 
antenna terminals with a short piece of wire. 
'l'une in your own signal and reduce the r.f. 
gain to the point where your receiver doesn't 
overload. Detune any antenna trimmer the 
receiver may have. If you can't avoid overload 
within the r.f. gain-control range, pull out the 
r.f. amplifier tube and try again. If you still 
can't avoid overload, listen to the second 
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Keying Tests 

No clicks on'inake"beyond these 
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RECEIVER TUNING DIAL 

fig. 8-8—Representations of a clean c.w. signal as a receiver is tuned through it. (A) shows a receiver with no selec-
tivity and the b.f.o. set in the center of the pass band, and (8) shows the s4ectivity in and the receiver adjusted for 
single-signal reception. The variation in thickness of the lines represents the relative signal intensity. The audio frequency 

where the signal disappears will depend upon the receiver selectivity characteristic and the strength of the signal. 

harmonic as a last resort. An overloaded receiver 
can generate ("Wks. 

Describing the volume level at whieh you 
should set your receiver ft ir these "shack" tests 
is a little difficult. The if, filter should be 
effective with the receiver running wide open 
and with an antenna connected. When You 
turn on the transmitter and take the other 
steps mentioned to reduce the signal ill the 
receiver, run the audio up and the r.f. down to 
the point where you can just hear a little 
"rushing" sound with the b.f.o. off and the 
receiver tuned to the signal. This is with the 
selectivity in. At this level, a properly adjusted 
keying circuit will show no clicks off the rushing-
sound range. With the b.f.o. on ami the Sall1P gait' 
setting, there should be no clicks outside t he hea t - 
note range. When observing clicks, make the 
slow-dash and fast-dot tests outlined previously. 
Now you know how your signal sounds el t lue 

air, with one possible exception. If keying your 

transmitter makes the lights blink, you may not 
be able to tell fito aceurately about the chirp 
on your signal. However, if you are satisfied with 
the. absenee of ehirp when tuning eilher 'ii le of 
zero beat, it is safe to assume that your rereiver 
isn't rhirping with the light flicker and that the 
observed signal is :t true repres('ntation. So chirp 
either side of zero 1.i- it I, line. )on't try t;) make 
these tests without lirst getting rid of the r.f. 
dick at the key. lie, I In' IA a ehirp. 

Exehanging stat ions temporarily with another 
interested amateur is pnibably the best way to 
elteek your keying. The serond-best method is 
to chei:k it in the shack as outlined above. The 
least sat isfaetory way is to ask another ham on 
the air how your keying sounds. The reason it 
is thP bUISt SatiSraUtOrY is that most hams are 
reluctant to be highly critival of anotlier ama-
teur's signal. In a great many eases they don't 
net Hy know what to look for or how to describe 
any aberrations they may observe. 

Vacuum-Tube Keyers 

The practical tube-keyer circuit of Fig. S-9 
can be used for keying any stage of any trans-
mitter. Depending upon the power level of the 
keyed stage, more or fewer Type 2A3 tubes call 
be connected in parallel to handle the neressary 
current. The voltage drop through a single 2.\ 
varies from about 70 volts at 50 ma. to 40 volts at 

REC T 
4.7 MEG 4.7 MEG 

8 5f3-GT 

6  

2 2.).1( ....--"' 
650 CT$ 600V 
40 MA  4 

o 

.22 MEG 

20 111;1. Tub/ add'al in parallel will reduce the 
drop in proport ion to the number of tubes used. 
When connecting the output tertninals of the 

keyer to the circuit to be keyed, the grounded 
out put terminal of the keyer must be connected 
t he transmitter ground. Thus the keyer can be 

used only in negative-lead or cathode keying. 

4.7 MEG 

0.47 MEG 

.0033 

KEYER 

203 2 

630 .0047).1( 

Fig. 8-9— Wiring diagram of a practical vacuum-tube keyer. 
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 o KEYED 
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8— KEYING AND BREAK-IN 

When used in cathode keying, it will introduce 
cathode bias to the stage and reduce the output. 
This can be compensated for by a reduction in 
the grid-leak bias of the stage. 
The negative-voltage supply ran be eliminated 

if a negative voltage is available from some other 
source, such as a bias supply. A simplified version 
of this circuit could eliminate the switches and 
associated resist cc's and capacitors, since they : tre 
incorporated Only to allow the operattir to sil ''t 
the combination he prefers. But ou e.ei the values 
have been selected, they can be soldered perma-
nently in place. The rule for adjusting the keying 
characteristic is the same as for blocked-grid 
keying. 

LOW-VOLTAGE 
0.5 pf /000 v 

5 V 

MEG 0.1 MEG 

A Low-Power Keyer 

If a low-level stage running only a few watts 
is to be keyed, the tube-keyer circuit of Fig. 8-10 
offers a simple solution. 13y using a 117E7 type 
tube, which incorporates its own rectifier, it is 
only necessary to connect to some existing power 
supply at the point marked " X". The keying 
characteristic will vary with many factors, so 
the values of R1 and R., only represent starting 
points for experimentation. 
When the key or keying lead has poor in-

sulation, the resistance may become low enough 
(particularly in humid weather) to reduce the 

blocking voltage 
and allow the key-
er tube to pass 

KE YED some current. This 3 
CIRCUIT 

147 may valise a slight 
back wave, but it 
can be cured by 
bet t rt. insulation, 
or by reduced val-
ues of resistors 
and increased val-
ues of capacitors. Fig. 8-10— Simple low- power vacuum-tube keyer. 

.,f 

Connect keyer to a low- voltage power supply at point "X". 

Monitoring of Keying 

In general, there are two common methods for 
monitoring one's " fist" and signal. The first, awl 
perhaps less common type, involves the use of an 
audio oscillator that is keyed simultaneously 
with the transmitter. 
The second method is one that permits receiv-

ing the signal through one's reeeiver, and this 
generally requires that the receiver be tuned to 

the transmitter not always convenient unless 
working on the same frequency) and that some 
method be provit I fo i• preventing overloading 
of the receiver, so that a good replica of the trans-
mitted signal will be received. Except where 
quite low power is used, this usually involves a 
relay for simultaneously shorting the receiver 
input terminals and reducing the receiver gain. 

Break-In Operation 

Break-in operation requires a separate re-
ceiving an since none of the available 
antenna change-over relit:vs is fast et tough to 
follow keying. The receiving antenna should 
be installed as far as possible from the trans-
mitting antenna. It should be mounted at right 
angles to the transmitting antenna and fed 
with low pick-up lead-in material such as co-
axial rai le or 300-iihm Twin-Lead, to minimize 
pick-up. 

If a low-powered transmitter is used, it is 
often quite satisfactory to use no special equip-
ment for break-in operation other than the 
separate receiving antenna, since the trans-
mitter will not block the receiver too seriously. 
Even if the transmitter keys without clicks, 
some clicks will be heard wile!' the receiver is 
tuned to the transmitter frequency because of 
overload in the receiver. An output limiter, as 
described in Chapter Five, will wash out these 

clicks and permit good break-in operation even 
on your transmitter frequency. 
When powers above 25 or 50 watts are used, 

special treatment is required for quiet break-in 
on the transmitter frequency. A means should 
be provided for shorting the input of the re-
ceiver when the voile characters are sent, autel a 
means for reducing the gain of the receiver at 
the same time is often necessary. 'Ile system 
shown in Fig. 8-11 permits quiet break-in op-
er:tt iem for higher-powered statio ins. It requires 
a simple operation on the receiver but other-
wise is perfectly straightforward. itt is the reg-
ular receiver r.f. and if. gain control. The ground 
lead is Iffted on this control and run to a rheo-
stat, that goes to ground. A wire from the 
junction runs outside the reeeiver to the keying 
relay, K1. When the key is up, the ground side 
of R1 is connected to ground through the relay 
arm, and the receiver is in its normal operating 
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Break-In 

TO KEY CIRCUIT 
IN TRANS. 

2.5m5. 

1020mut. 

, 

condition. When the key is closed, the relay 
closes, which breaks the ground connection from 
R1 and applies additional bias to the tubes in the 
receiver. This bias is controlled by R2. When the 
relay closes, it also closes the circuit to the trans-
mit ter oscillator. A filter at the key suppresses 
t he clicks caused by the relay current. 
The keying relay should be mounted on the 

receiver as close to the antenna terminals as 
possible, and the leads shown heavy in the 
diagram should be kept short, since long leads 
will allow too much signal to get through into 
the receiver. A good high-speed keying relay 
should be used. 
A few of the recent communications receivers 

bring the return lead from the r.f. gain control 
to a normally shorted terminal at the rear of 
the receiver. The preceding break-in system can 
be readily applied to a receiver of this type, 
and it will repay the receiver owner to study 

RECEIVER 

Fig. 8- 11—Wiring diagram for 
smooth break-in operation. The 
lead shown as a heavy line and 
the lead from bottom relay 
contact to ANT post on receiver 
should be kept as short as pos-
sible for minimum pickup of the 
transmitter signal. 
RI — Receiver manual gain con-

trol. 
R2-5000- or 10,000-ohm 

wire-wound potenti-
ometer. 

Ki—S.p.d.t. keying relay. Al-
though battery and 
d.c. relay are shown, 
any suitable a.c. or 
d.c. relay and power 
source can be used. 

the instruction book and determine if his receiver 
already has this connection made in it. Other 
receivers have provision for reducing the gain 
or for blanking the receiver; one popular model 
has provision for bringing in negative bias from 
a transmitter grid leak to cut off an audio stage 
during transmit periods. 

Full descriptions of systems for break-in 
operation can be found in the following QST 
articles: 

Crawfis, " Simplified ' Break-In with One An-
tenna,'" Nov., 1954. 

Goodman, "VR Break-In Keying," Feb., 1954. 
Hays, " Selenium Break-In Keying," July, 1955. 
Miller and Meichner, "TVG — An Aid to Break-

In," March, 1953. 
Puckett, " De Luxe' Keying Without Relays," 
September, 1953; Part II, Dec., 1953. 

Puckett, " C.W. Man's Control Unit," Feb., 1955. 

Receiver Muting and Grid-Block Keying 

The muting system shown in Fig. 8-12 cati be 
used with any grid-block or tube-keyed trans-
mitter, and it is particularly applicable to the 
VR-tube differential keying circuit of Fig. 8-6. 
Referring to Fig. 8-12, RI, R2 and C1 have the 
same values and functions that the similarly 
designated components in Figs. 8-4 and 8-6 have. 
When the key is open, a small current will flow 
through R3, the 0A2 and R2, and the voltage drop 
across R3 will be sufficient to cut off the 6C4. 
With the 6C4 cut off, there is no current through 
R4 and consequently no voltage appearing across 
R4. The voltage of the receiver a.v.c. bus is zero 
with respect to ground. 
When the key is closed, there is insufficient 

voltage across the 0A2 to maintain conduction, 
and consequently there is no current flow through 
R3. With zero voltage between grid and cathode, 
the 6C4 passes current. The drop across R4, and 
thus the negative voltage applied to the a.v.c. 
line in the receiver, is determined by the value of 
R4. Thus the key-down gain of the receiver can 
be adjusted to permit listening to one's own 

signal, by increasing the value of RA until the 
receiver output level is a comfortable one. To 
utilize the same antenna for transmitting and 
receiving, and thus benefit during receiving from 

TO GRID OF 
KEYED STAGE 

0A2 6C4 

2 5 6 

RFC, TO RCVR. 
A.V C. 
SUS 

- 400 -125 

Fig. 8- 12—Circuit diagram of o receiver muter for use 
with grid- block or tube keying. 
CI—Shaping capacitor, see text. 
RI, R2—Shaping resistors, see text. 
R3-0.1 megohm. 
R4- 15,000-ohm 2-watt potentiometer 
RFC1-1 mh. or less. 
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8 — KEYING AND BREAK-IN 

any directional properties of the antenna, an 
electronic transmit-receive swill ran 110 lised 
(see later in this chapter). 
The receiver a.v.e. bus van be locatl•d by refer-

enee to the receiver instruetion manual, and con-
nection be made to it through a h•ngth of shielded 
wire. The a.v.c. switch in the receiver must be 
turned to tIN for the muter to be effective. 

If desired, the ¡mit jug circuit can be built into 
the transmitter, or it can be mounted on a shelf 

or small chassis behind the receiver. The two 
negative voltages can be furnished by one supply 
and a reasonably heavy voltage divider; the main 
requirement of the supply is that the nominal 
—125 volts remain below the normal voltage drop 
of the 0A2 ( 150 volts). Installation of the muting 
circuits should have little or no effe«•t on the 
keying characteristic of the transmitter; if it does 
the rharameristie can be restored by proper 
values for RI, 112 and 

The "Matchtone" 

The " Matehtone" is a combination of the 
NIonimatch (see Chapter 21) and a c.w. tone-
generating monitor. It consists of a transistor 
audio oscillator whieh uses the Monimatch as a 
keyed source of d.e. power. In addition to the 
usual function it can be used by the sightless 
amateur as an amid& transmitter-antenna 
tuning indieator. 

While direct monitoring of c.w. transmissions 
via the receiver is a preferred method because it 
ran revt-al much about the keying characteristics, 
transmissions offset from the receiving frequency 

Il I" ii' a separate monitor. The self-powered 
transistorized monitor fills the bill nicely. The 
use of the r.f. I ridge, ;dreaely connected in the 
r.f. transmission line, as a sin tree of power for the 
monitor is a logical choice. 
The circuit of the Mateht Ono and the eonner-

tions to the .NIonimat eh and the receiver are 
shown in Fig. 8-13. A small 2- or 3-to-I push-pull 
grid-to-plate audio interstage transformer is used 
for feedback as well as for coupling to the reeeiver. 
lf a transformer having a p.p. grid winding is not 
available from the junk box, the audio coupling 
to the receiver can be obtained Iv eonnerting C2 
ICI the ungrounded end of Ht. While else of et low 
value of capa,•itm nee for f') is neuesary to avoid 
excessive shunt ing of the high-impedance receiver 
audio eircuit. the value shown u- ill provide suffi-
cient, coupling toi a good audio tone level from 
the monitor. A third possil>ility for the ai ldio out-
put connection from the monitor is to substil it,' 
the headphones for R. together with a single-
pole double-throw switch or relay to switeh the 
ihones between the monitor :LIII I HIP 'reviver. 
The on-off switch, Si. can be made a part of 112 
by use of a volume emit rol switch attachment. 
The value shown for CI gives an audio pitch 

in the 500-1000 cycle range, depending some-
what on the partieular transformer, the setthig 
of li2 and the transmitter output power. Other 
values of CI c•an be used to adjust the. pitch to 
the operator's individual preference. 112 may be 
adjusted to compensate rOr tb,VII:111gPS in the 
d.c. eurrent from the NIonimatch raused by a 
change in transmitter frequeney band or power. 
Using either a 2N I00 or a C,K722 transistor, the 
eircuit should oscillate with usable audio level 
with as little as 0.1 ma. qtr. flowing to griaind 
through the monitor. Oilier low-eost transistors 
such as the 2N107 and the 2N170 should work 
equally well, 

t pit di of the audio tone is to some 
'g e ,11,,ndent upon the dc. voltage obtained 

from the lottimatch, the pitch give f-easonably 
accurate indication of correct final amplifier plate 
circuit tuning (maximum power output ) and, if 
an antenna tuner is used, will alSO indicate res-
onance of the tuner to the transmitter output. 
frequency. This i.harart(9-istie of the NIatehtone 
should be of cousit lu  aid to sightless ama-
teurs. (From QS7', January, 1958.) 

r-

RECEIVER -a 
TO GRID OF. C21 

IsT AUDIO STAGE 100Ailif 

Fig. 8- 13—Circuit of the Matchtone. Section enclosed in 
dashed line is the Monimatch and its indicating circuit. 
Braid of shielded lead to audio grid should connect to 
receiver chassis. 
Cu—Paper. 
C2 — Mica or ceramic. 
C11-2N109, CK722 or similar. 
RI — 1000 ohms, 1/2 watt. 
R2-0.25-megohm volume control. 
SI —S.p.s.t. toggle. 
TI—Push-pull interstage audio transformer, 2:1 or 3:1 

total grid to plate. 
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T.R. Switches 

Electronic Transmit-Receive Switches 

No antenna relay is fast enough to switch an 
antenna from transmitter to receiver and back 
at normal keying speeds. As a consequence, when 
it is desired to use the same antenna for trans-
mitting and receiving (a "must" when directional 
antennas are used) and to operate c.w. break-in 
or voice-controlled sideband, an electronic switch 
is used in the antenna. The word "switch" is 
a misnomer in this case; the transmitter is 
connected to the antenna at all times and the 
t.r. " switch" is a device for preventing burn-out 
of the receiver by the transmitter. 
One of the simplest approaches is the circuit 

shown in Fig. 8-14. The 6C4 cathode follower 
couples the incoming signal on the line to the 
receiver input with only a slight reduction in 
gain. When the transmitter is "on," the grid 
of the 6C4 is driven positive and the rectified 
current biases the 6C4 so that it can pass very 
little power on to the receiver. The factors 
that limit the r.f. voltage the circuit can handle 
are the voltage break-down rating of the 47-aaf. 
capacitor and the voltage that may be safely 
applied between the grid and cathode of the tube. 
To avoid stray pick-up on the lead between 

the cathode and the antenna terminal of the 
receiver, this lead should be kept as short as 
possible. The entire unit should be shielded 
and mounted on the receiver near the antenna 
terminals. In wiring the tube socket, input and 
output circuit components and wiring should be 
separated to reduce feed-through by stray cou-
pling. 
The t.r. switch of Fig. 8-15 differs in two 

ways from the preceding example. By using a 
grounded cathode and a tuned plate circuit, a 
voltage gain is obtained through the tube. 
The input is taken from the plate of the trans-
mitter output stage instead of from the trans-
mission line, and as a result the voltage build-up 
in the transmitter tank is utilized. Unlike the 
preceding t.r. switch, which permits listening 
on frequencies or bands to which the transmitter 
is not tuned, this switch will not permit much 
receiver response at frequencies removed from 
the transmitter frequency. Usually this is no 
problem, since most operation is around one's 
transmitter frequency. The 2.2K resistor across 
the plate circuit broadens the frequency response 
and reduces the need for retuning over a band. 
In a commercial version of this switch, a broad-
band output transformer replaces L1 and the 
variable capacitor, and no coil changes are re-
quired in the range 3.5 to 30 Me. 
The switch of Fig. 8-15 can be built in a 

small metal box and mounted in the transmitter 
close to the output stage. The plate and heater 
power can be " borrowed" from the transmitter; 
the plate power will be less than 15 ma. at 100 
to 150 volts. The coaxial line to the receiver 
can be any convenient length. 
The capacitive voltage divider for feeding the 

t.r. switch is composed of the t.r. switch input 

capacitance (about 10 apf.) and a series capacitor 
for connection to the plate tank. A conservative 
value of the series capacitor for an a.m. plate-
modulated final can be calculated by the fol-
lowing formula: 

2500 
edad.) —   

d.c. plate volts 
The series capacitance as calculated above may 
be doubled in value when the final is not modu-
lated, as in c.w., grid modulation or in a linear 
power amplifier. 
The series capacitance is generally less than 

20 aid. The capacitor should be of the low-loss 
variety and should be capable of withstanding 
the tank voltage. For plate voltages of 800 
volts or less, the disk type ceramic capacitors 
have been found to be adequate. For greater 
voltages, an inexpensive capacitor may be fab-
ricated from RG-8/U coaxial cable. This cable 
has a rating of approximately 6000 peak r.f. 
volts, and in the laboratory it withstands in 
excess of 20,000 volts of (I.e. Actually, in normal 
use it is usually limited by current rather than 
voltage. The capacitance of the cable is 30 ad. 
per foot, so that one may measure off the required 
capacitance by the inch, and end up with a really 
low-loss and practical unit. 
The t.r. switch input is a high impedance for 

low frequencies. It is advantageous, therefore, 
to have the tank circuit at (I.e. ground potential 
so that crosstalk at power-line frequencies will 
be eliminated. Fortunately, this is the case in 
practically all modern transmitters. A type of 
noise customarily picked up with electronic t.r. 
switches is that caused by plate current flowing 
in the power amplifier. It is necessary, therefore, 
to bias the tubes beyond cutoff when receiv-
ing. 

TVI and T.R. Switches 

The preceding t.r. switches generate harmonics 
when their grid circuits are driven positive, and 
these harmonics can cause TVI if steps are not 

4 ?AU( 6C 
6 

TRANS 
LINE 

6.3 V. 

.cupf 

520 

.oLut 

2.25 

+150 TO 250 V. 

RECEIVER 

ANT. 

ONO. 

L 

Fig. 8-14—Schematic diagram of cathode-follower t.r. 
switch. Resistors are 1/2 -watt. The unit should be assembled 
in a small chassis or shield can and mounted on or very 
close to the receiver antenna terminals. The transmitter 
transmission line can be connected at the coaxial jack with 
an M-358 Tee adapter. 

The heater and plate power can be "borrowed" from 
the receiver in most cases. 
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8 — KEYING AND BREAK-IN 

TRANSMITTER 

ANT. 

COAXIAL! 
LINE 

TO REC. 

1 
Fig. 8-15—A t.r. switch that mounts in the transmitter. Resistors are 1/2 -watt. 

Cs—Depends upon transmitter. See text. 
Li—Plug-in coil to tune to band in use. Coupling coil to receiver, 20 per cent turns in Ls wound tight over " cold" end of L. 

taken to prevent it. The switch of Fig. 8-14 
should be well-shielded and used in the antenna, 
transmission line between transmitter and low-
pass filter. The switch of Fig. 8-15, when mounted 

in a transmitter that was TVE-free, should not 
introduce any TVI because the filtering that 
is successful for the transmitter should be success-
ful for the harmonics generated by the t.r. switch. 

Speed Keys 

The average operator finds that a speed of 
20 to 23 o ords per minute is the limit of his 
ability with a straight hand key. However, he 
can is;screstst. his spood to 30 to 40 w.p.m. by the 
Ilse of a " speed key." The mechanical speed keys, 
available in most radio stores, give additional 
spoed by snaking strings of dots whets the key 
lever is pushed to the right : dashes are made 
manually by closing the key to the left,. After 
prarticiog with the si wed key, the operator 
obtains the correct " feel" for the key, which 
allows him to release the dot lever at ex.actly the 
right ti me to make the moquirts1 number of dots. 
A speed key can deliver pt.:wile:My perfect code 

eharacters %lien used by an operator who knows 
what good code sounds like; however, one will not 
compensate for an operator's poor code ability. 
An electronic speed key will not compensate 

for an operator's poor sending ability, either. 
However, the electronic speed key has the feature 
that it makes strings of both dots and of dashes, 
by irouer manipulation of the key lever, and in 
current designs the dashes are self-rompletine 
This means that it is impossible to send anvthing 
but the correct length of dash when the ket., lever 
is closed on the dash side. It is, of course. Possible 
to send an incorrect number of dashes through 
poor operator timing. 

An Electronic Speed Key 

Fig. 8- 16—This electronic speed key has a range of ap-
proximately 8 to 35 w.p.m., set by the speed control 
at top center. It has relay output and can be used with 
any transmitter that can be keyed by a hand key. The 
key ( left) is made from two telegraph keys and o pair of 

Va-inch thick sheet plastic paddles. 

The unit shown its Figs. 8-16 and 8-18 repre-
sents one of the simpler designs of an electronic 
key. The total cost of the key, in dollars and 
construction time, is quite low. The keying lever 
is made from parts taken from two straight tele-
graph keys; these are available at less than a 
dollar each in the war-surplus version (J-38). A 
more elegant keying lever can be built from a 
(more-expensive) war-surplus mechanical speed 
key. 

Referring to Fig. 8-17, the timing of the key is 
provided by the oscillator VIA. When the key is 
closed, a sawtooth wave is generated by the fast 
charge and slow discharge of the .25-1.4f. ca-
pacitor in the cathode circuit. The rato of dis-
charge is set by the total resistance across the 
capacitor, and the voltage to which the capacitor 
is charged is determined by the setting of RI. 
The sawtooth wave, applied to the grid of V2A, 
cannot drive the grid very positive because the 
3.3-megohm sis-t or limits the current; the effect 
is to " clip 1 he tops" of the sawtooth cycles. The 
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An Electronic Speed Key 

KEY 

Berndt? 

Rea' 

Blue 

RATIO 
R. 1 MEG• 

OSCILLATOR 
VIA 

- 6CG7 
V25 

TO TRANSMITTER 

200V 

330K 3.3 MEG. 

125V SOMA 

K1 LL'i.0 

f  "ej 

 n 

15 i< 

RECTIFIER 

2200 
1W. 

250 V. 

voltage at which V2A passes enough current to 
close the relay is set by the position of the arm of 
R3. 

Except for the tubes, the keyer circuit is housed 
in a grey Ilammertone 6 X 5 X -1-inch Minilíox 
(Bud (' U-2107), as shown in Fig. 8-16. The tube 
sockets are mounted so that the two tubes projec t 
outside at the rear of the unit. The power trans-
former is mounted on the rear wall, and the 
toggle switch and the three controls are mounted 
on the " front" panel. The power line to P2, the 
two-wire cable to P1, and the three-wire cable to 
the key leave the cabinet at the rear through 
individual rubber grommets. Use multiple tie 
points generously for the support of the fixed 
resistors and capacitors. 
To make the key, first remove the keys from 

their bases and strip the bases of their remaining 
hardware. The four support legs for the key are 

Fig. 8- 18—Components for the electronic speed key are 
mounted on the three walls of a Minibox section, with the 
tubes projecting out the back. Keep wires away from screw 
holes, to prevent short circuits when the box is assembled. 

470K 

WEIGHT 
100K 
R3 

47 K 

Fig. 8- 17—Circuit diagram of the electronic 
speed key. Unless otherwise specified, resis-
tors are 1/2  watt. Polarity-marked capacitors 
are electrolytic, others are tubular paper. 

Ki- 5000-ohm 3-ma. relay (Sigma 41F-
50005-S10. 

Pi— Phone plug. 
P2—A.c. line plug. 
Ri, R3 - 100,000-ohm potentiometer, linear 

taper. 
R2-1-vegohm potentiometer, linear taper. 
Si — S.p.s.t. toggle. 
Ti - 5-watt 25,000-to-4-ohm output trans-

former, secondary not used (Stancor 
A-3857). 

T2- 125-v. 50-ma. and 6.3-v. 2-amp. trans-
former (Thordarson 26R38 or similar). 

formed from the original tie strips and shorting 
switch arms. At the front flu-y bolt to the key 
frame at the countersunk holes: at the rear they 
make up to the binding jussts. The three-wire 
cable connects to two binding pos Is and a sup-
porting leg. A heavy base of , ?-inch thick steel 
adds weight to the structure, and rubber or cork 
feet glued to the steel prevent its scratching the 
table. 

Adjustment of Electronic Speed Key 

In operation, the three controls will serve as 
their labels indicate. There is a unique (but not 
highly (-Wired) combination of settings of the 
weight and rat io controls that will give automatic 
(lots and dashes at the same speed: this setting 
can only be determined by ear and will be de-
pendent on how well the operator can recognize 
good code. If the operator Imps his foot to count 
groups of four ( lots or two dashes, the dots and 
dashes will have the same speed when the beat is 
the same. It is easy to determine whether dots or 
dashes are too heavy or too light. Connect an 
ohmmeter to PI: holding the dot lever closed 
should snake the ohmmeter needle hover around 
half scale, and holding the dash lever closed 
should make the ohmmeter hover around 75 per 
cent of the short-ciseuit reading. Lacking an 
ohmmeter, the transmitter plate milliammeter 
can be used: ( lots and dashes should give 50 per 
cent and 75 per cent of the key-down value when 
the keyer controls have been properly adjusted. 
QS7' articles describing other types of elec-

tronic speed keys inchule: 
Brann, " In Search of the Ideal Electronic Key," 

Feb., 1951 
Bartlett, " Compact Automatic Key Design," 

Dec., 1951 
Kaye, " All-Electronic Ultimatic' Keyer," April, 
May, 1955 
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CHAPTER 9 

Speech Amplifiers 
and Modulators 
The audio amplifiers te•e,1 in radiotelephone 

transmitters operate on the principles outlined 
earlier in this book in the chapter on vacuum 
tubes. The design requirements are determined 
principally by the type of modulation system to 
be used and by the type of microphone to be 
employed. It is necessary to have a clear under-
stanfling of modulation principles laifore the 
problem of laying out a speech system can be 
approached successfully. Those principles are 
discussed under appropriate chapter headings. 
The present, ehapter liais oit h the design of 

audio amplifier systems for communication pur-
poses. In voice ei anmunivation the primary 
objective is to obtain the most effective trans-
mission; i.e., to make the message be under-
stood at the receiving point in spite of adverse 
conditions created by noise and interference. 
The methods used to accomplish this do not 
necessarily coincide with the methods used for 

other purposes, such as the reproduction of 
music or other program material. In other words, 
"naturalness" in reproduction is distinctly sec-
ondary to intelligibility. 
The faet that satisfactory intelligibility can be 

maintained in a relatively narrow band of fre-
quencies is particularly fortunate, because the 
width of the channel occupied by a phone trans-
mitter is directly proportional to the width of the 
audio-frequency band. If the channel width is 
reduced; more stations can occupy a given band 
of frequencies without mutual interference. 

In speech transmission, amplitude distortion 
of the voice wave has very little effect on intelli-
gibility. The importance of such distortion in 
communication lies almost wholly in the fact 
that many of the audio-frequency harmonics 
caused by it lie outside the channel needed for 
intelligible speech, and thus will create unneces-
sary interference to other stations. 

Speech Equipment 
In designing speech equipment it is necessary 

to know ( 1) the amount of audio power the 
modulation system must furnish and (2) the out-
put voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number and type of ampli-
fier stages needed to generate the required audio 
power without overloading or undue distortion 
anywhere in the system. 

• MICROPHONES 
The level of a microphone is its electrical out-

put for a given sound intensity. Level varies 
greatly with microphones of different types, and 
depends on the distance of the speaker's lips from 
the microphone. Only approximate values based 
on averages of " normal" speaking voices can be 
given. The values given later are based on close 
talking; that is, with the microphone about an 
inch from the speaker's lips. 
The frequency response or fidelity of a micro-

phone is its relative ability to convert sounds of 
different frequencies into alternating current. 
For understandable speech transmission only a 
limited frequency range is necessary, and intelli-
gible speech can be obtained if the output of the 
microphone does not vary more than a few 
decibels at any frequency within a range of about 
200 to 2500 cycles. When the variation expressed 
in terms of decibels is small between two fre-

quency limits, the microphone is said to be flat 
between those limits. 

Carbon Microphones 

The carbon microphone consists of a metal 
diaphragm placed against an insulating cup con-
taining loosely packed carbon granules (micro-
phone button). ‘Vlien used with a vacuum-tube 
amplifier, the microphone is connected in the 
cathode circuit of a low-a triode, as shown in 
Fig. 9-1A. 
Sound waves striking the diaphragm cause it to 

vibrate in accordance with the sound, and the 
pressure on the granules alternately increases and 
decreases, causing a corresponding decrease and 
increase in the electrical resistance of the micro-
phone. The instantaneous value of this resistance 
determines the instantaneous value of plate cur-
rent through the tube, and as a consequent the 
voltage drop across the plate load resistor in-
creases and decreases with the increases and de-
creases in granule pressure. 
The carbon microphone finds its major amateur 

application in mobile and portable work: a good 
microphone in the circuit of Fig. 9-1A will deliver 
25 to 35 volts peak output. 

Piezo-electric Microphones 

The crystal microphone makes use of the 
piezoelectric properties of Rochelle salts crystals. 
This type of microphone requires no battery or 
transformer and can be connected directly to the 
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Speech Equipment 

grid of an amplifier tube. It is a popular type 
of microphone among amateurs, for these reas-
ons as well as the fact that it has good fre-
quency response and is available in inexpensive 
models. The input circuit for the crystal micro-
phone is shown in Fig. 0-1B. 
Although the level of crystal microphones 

varies with different models, an output of 0.03 
volt or so is representative for communication 
types. The level is affected by the length of the 
cable connecting the microphone to the first 
amplifier stage; the above figure is for lengths of 
6 or 7 feet. The frequency characteristic is unaf-
fected by the cable, but the load resistance 
(amplifier grid resistor) does affect it; the lower 
frequencies are attenuated as the value of load 
resistance is lowered. A grid-resistor value of at 
least 1 megohm should be used for reasonably 
flat response, 5 megohms being a customary 
figure. 
The ceramic microphone utilizes the piezo-

electric effect in certain types of ceramic ma-
terials to achieve performance very similar to 
that of the crystal microphone. It is less affected 
by temperature and humidity. Output levels are 
similar to those of crystal microphones for the 
same type of frequency response. 

Velocity and Dynamic Microphones 

In a velocity or "ribbon" microphone, the 
element acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. 

Velocity. microphones are built in two types, 
high impedance and low impedance, the former 
being used in most applications. A high-imped-
ance microphone can be directly connected to 
the grid of an amplifier tube, shunted by a resist-
ance of 0.5 to 5 megohms (Fig. 9-1C). Low-
impedance microphones are used when a long 
connecting cable (75 feet or more) must be em-
ployed. In such a case the output of the micro-
phone is coupled to the first amplifier stage 
through a suitable step-up transformer, as shown 
in Fig. 9-ID. 
The level of the velocity microphone is about 

0.03 to 0.05 volt. This figure applies directly to 
the high-impedance type, and to the low-imped-
ance type when the voltage is measured across 
the secondary of the coupling transformer. 
The dynamic microphone somewhat resembles 

a dynamic loud-speaker. A lightweight voice coil 
is rigidly attached to a diaphragm, the coil being 
suspended between the poles of a permanent 
magnet. Sound causes the diaphragm te vibrate, 
thus moving the coil back and forth between the 
magnet poles and generating an alternating 
voltage. 
The dynamic microphone usually is built with 

high-impedance output, suitable for working 
directly into the grid of an amplifier tube. If the 
connecting cable must be unusually long, a low-
impedance type should be used, with a step-up 
transformer at the end of the cable. 

In general, the dynamic microphones have the 
smoothest peak-free response and widest fre-

quency range, and they are also the least suscepti-
ble to damage from shock and extremes of tem-
perature and humidity. 

• THE SPEECH AMPLIFIER 
The audio-frequency amplifier stage that 

causes the r.f. carrier output to be varied is called 
the modulator, and all the amplifier stages pre-
ceding it comprise the speech amplifier. Depend-
ing on the modulator used, the speech amplifier 
may be called upon to deliver a power output 
ranging from practically zero (only voltage re-
quired) to 20 or 30 watts. 

(A) 

F 
S B CARBON 

Fig. 9-1 — Speech 
input circuits used 
with various types 
of microphones. 

HI-Z 
(C) VELOCITY 

MIC-TO- LINE-TO-
LINE TRANS GRID TRANS 

(D) LO-Z VELOCITY 

Before starting the design of a speech amplifier, 
therefore, it is necessary to have selected a suita-
ble modulator for the transmitter. This selection 
must be based on the power required to modulate 
the transmitter, and this power in turn depends 
on the type of modulation system selected, as 
described in Chapter 10. With the modulator 
picked out, its driving-power requirements (audio 
power required to excite the modulator to full 
output) can be determined from the tube tables 
in a later chapter. Generally speaking, it is ad-
visable to choose a tube or tubes for the last stage 
of the speech amplifier that will be capable of 
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9 - SPEECH AMPLIFIERS AND MODULATORS 

FOLLOWING STAGE 

INPUT 

FOLLOWING STAGE 

C3 

INPUT 

Fig. 9-2—Resistance-coupled voltage-amplifier circuits. 
A, pentode; B, triode. Designations are as follows: 

CI—Cathode bypass capacitor. 
C2—Plate bypass capacitor. 
C3—Output coupling capacitor (blocking capacitor). 
C4—Screen bypass capacitor. 
RI— Cathode resistor. 
R2—Grid resistor. 
R3—Plate resistor. 
R4 — Next-stage grid resistor. 
R5—Plate decoupling resistor. 
R6—Screen resistor. 
Values for suitable tubes are given in Table 9-l. Values 
in the decoupling circuit, C2115, are not critical. R5 may 
be about 10% of R3; an 8- or 10-0. electrolytic capacitor 

is usually large enough at Q. 

developing at least 50 per cent more power than 
the rated driving power of the modulator. This 
will provide a factor of safety so that losses in 
coupling transformers, etc., will not upset the 
calculations. 

The output voltage is in terms of peak voltage 
rather than r.m.s.; this makes the rating inde-
pendent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working 

with amplifiers. 

Resistance Coupling 

Resistance coupling generally is used in volt-
age-amplifier stages. It is relatively inexpensive, 
good frequency response can be secured, and there 
is little danger of hum pick-up from stray mag-
netic fields associated with heater wiring. It is the 
most satisfactory type of coupling for the output 
circuits of pentodes and high-EL triodes, because 
with transformers a sufficiently high load imped-
ance cannot be obtained without considerable 
frequency distortion. Typical circuits are given 
in Fig. 9-2 and design data in Table 9-I. 

Transformer Coupling 

Transformer coupling between stages ordi-
narily is used only when power is to be trans-
ferred (in such a ease resistance coupling is very 
inefficient), or when it is necessary to couple be-
tween a single-ended and a push-pull stage. 
Triodes having an amplification factor of 20 or 
less are used in transformer-coupled voltage 
amplifiers. With transformer coupling, tubes 
should be operated under the Class A conditions 
given in the tube tables at the end of this book. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 9-3. 
The circuit at A combines resistance and trans-
former coupling, and may be used for exciting the 

Voltage Amplifiers 

If the last stage in the speech amplifier is a 
Class AB2 or Class B amplifier, the stage ahead 
of it must be capable of sufficient power output 
to drive it. However, if the last stage is a Class 
AB, or Class A amplifier the preceding stage can 
be simply a voltage amplifier. From there on back 
to the microphone, all stages are voltage ampli-

fiers. 
The important characteristics of a voltage 

amplifier are its voltage gain, maximum undis-
torted output voltage, and its frequency response. 
The voltage gain is the voltage-amplification 
ratio of the stage. The output voltage is the 
maximum a.f. voltage that can be secured from 
the stage without distortion. The amplifier fre-
quency response should be adequate for voice 
reproduction; this requirement is easily satisfied. 
The voltage gain and maximum undistorted 

output voltage depend on the operating condi-
tions of the amplifier. Data on the popular types 
of tubes used in speech amplifiers are given in 
Table 9-I, for resistance-coupled amplification. 

INPUT 

+8 

(B) 

Fig. 9-3—Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance-trans-
former coupling; B for transformer coupling. Designations 
correspond to those in Fig. 9-2. In A, values can be taken 
from Table 9-1 In B, the cathode resistor is calculated 
from the rated plate current and grid bias as given in 
the tube tables for the particular type of tube used. 
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Table 9-I 

TABLE 9-I - RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA . 
Data are given for a plate supply of 300 volts. Departures of o touch as 50 per cent from this supply voltage will not 

materially change the operating conditions or the voltage gain, but the output voltage will be in proportion to the ratio of 
the new voltage to 300 volts. Voltage gain is measured at 400 cycles. Capacitor values given are based on 100-cycle 
cutoff. For increased low-frequency response, all capacitors may be made larger than specified (cut-off frequency in 
inverse proportion to capacitor values provided all are changed in the some proportion). A variation of 10 per cent in the 
values given has negligible effect on the performance. 

Plate 
Resistor 
Megohms 

6S17, 12S17 

0.1 

0.25 

0.5 

617, 7C7, 
I 217-GT 

0.1 

0.25 

0.5 

6AU6, 6SH7, 
12AU6, 12SH7 

0.1 

0.22 

0.47 

6AQ6, 6AQ7, 
6AT6, 607, 
6SL7GT, 

6T8, 12AT6, 
12Q7-GT, 
12SL7,-GT 
(one triode) 

0.1 

0.22 

0.47 

6A V6, 12AV6, 
12AX7 

(one triode) 

0.1 

0.22 

0.47 

6SC7, 12SC7 3 
(one triode) 

0.1 

0.25 

0.5 

6CG7, 615, 
7A4, 7N7, 
6SN7-GT, 
12I5-GT, 
12SN7-GT 
(one triode) 

6C4, 
I2AU7 

(one triode) 

0.047 

0.1 

0.22 

0.047 

0.1 

0.22 

Next-Stage 
Grid Screen 

Resistor Resistor 
Megohms 

0.1 
0.25 
0.5 
0.25 
0.5 
1.0 
o.s 
1.0 
2.0 
0.1 
0.25 
0.5 
0.25 
0.5 
1.0 

0.5 
1.0 
2.0 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

0.47 
1.0 
2.2 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

0.47 
1.0 
2.2 
0.1 
0.22 
0.47 

0.22 
0.47 
1.0 
0,47 
LO 
2.2 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 
0.047-
0.1 
0.22 
0.1 
0.22 
0.47 
0.22 
0.47 
LO 

0.047 
0.1 
0.22 

0.1 
0.22 
0.47 

0.22 
0.47 
1.0 

Megohms 

0.35 
0.37 
0.47 
0.89 
1.10 
1.18 
2.0 - 
2.2 
2.5 

0.44 
0.5 
0.53 

- 1.18-
1.18 
1.45 
2.45 
2.9 
2.95 
0.2 
0.24 
0.26 
0.42 
0.5 
0.55 
1.0 
1.1 
1.2 

Cathode 
Resistor 
Ohms 

500 
530 
590 
850 
860 
910 
1300-
1410 
1530 
500 
450 
600 
1100 - 
1200 
1300 
1700 
2200 
2300 

500 
600 
700 
1000 
1000 
1100 

1800 
1900 
2100 

1506-
1800 
2100 
2600 
3200 
3700 
5200 
6300 
7200 
1300 
1500 
1700 
2200 
2800 
3100 

- 4300-
5200 
5900 

750 
930 
1040 
1400 
1680 
1840 
2330 
2980 
3280 

- 1300 - 
1580 
1800 
2500 
3130 
3900 
4800 
6500 
7800 

870 
1200 
1500 
1900 
3000 
4000 

5300 
8800 
11000 

Screen 
Bypass 

pf. 

0.10 
0.09 
0.09 
0.07 
0.06 
0.06 

0.06 
0.05 
0.04 
0.07 
0.07 
0.06 

0.04 
0.04 
0.05 
0.04 
0.04 
0.04 
-0.13-

0.11 
0.11 
0.1 
0.098 
0.09 

0.075 
0.065 
0.06 

Cathode 
Bypass 

11.6 
10.9 
9.9 
8.5 
7.4 
6.9 0.003 
6.0 
5.8 
5.2 

8.5 0.02 
8.3 0.01 
8.0 0.006 _ 
5.5 
5.4 0.005 
5.8 0.005 

4.2 0.005 
4.1 0.003 
4.0 0.0025 

18.0 
16.4 
15.3 

12.4 0.009 
12.0 0.007 
11.0 0.003 

Blocking 
Capacitor 

tif. 

8.0 
7.6 
7.3 
4-4 
3.6 
3.0 
2.5 
1.9 
1.6 
1.2 
LO 
0.9 
4.6 
4.0 
3.6 

- 3.0-
2.3 
2.1 

- 1.6-

1.3 
1.1 

- 3.6 

0.019 
0.016 
0.007 
0.011 
0.004 

0.004 
0.002 
0.0015 

0.008 - 

0.019 
0.011 
0.006 

Output 
Volts 

(Peak)! 

72 
96 
101 
79 
88 
98 
64 
79 
89 
55 
81 
96 

81 
104 
110 
75 
97 
100 

76 
103 
129 

Voltage 
Gain 2 

67 
98 
104 
139-

167 
185 

- 200 
238 
263 
61 
82 
94 
104 --
140 
185 

161 --
200 
230 
109 
145 
168 

92 164 - -
108 230 
122 262 

0.0045-  - 94 248--
0.0028 105 318 
0.0018 122 371 _ 
0.027 _ eti  

34 
0.014 54 38 
0.0065 63 41 
0.013 - 51 42 

_ . _ _ 

0.0065 65 46 
0.0035 77 48 

48 
so 
51 
45 - 
52 
57 

o.00s 
0.0035 
0.002 
0.027 
0.013 
0.006 

- 0.013 - 
0.006 
0.003 

0.006 
0.003 
0.002 

0.033 
0.014 
0.007 

0.012 --
0.006 55 
0.003 64 
0.006 50 
0.003 62 
0.002 72 

- - 
0.061 59 

3.0 0.032 73 
2.5 0.015 83 

1.9 0.031 68 
IA 0.014 82 
1.2 0.0065 96 
0.95 0.015 - 68-
0.69 0.0065 85 
0.58 0.0035 96 _ 
4.1 0.065 - 38-
3.0 0.034 52 
2.4 0.016 68 _  
1.9 0.032 44 
1.3 0.016 68 
1.1 0.007 80 

- 0.9-  - 0.016-- --52-
0.52 0.007 82 
0.46 0.0035 92 

- 61 
74 
85 
43 
57 
66 

64 
69 
79 

- 62-
77 
92_ 
35 
50 
54 

- 45-

65 
68 
69 
73 
75 
29 
34 
36 
39 
42 
45 
45 
48 
49 
14 
15 
16 
16 
16 
16 
16 
16 
16 

- 12-
12 
12 
12 
12 
12 

12 
12 
12 

Voltage across next-stage grid resistor at grid-current point. 
2 At S volts r.m.s. output. 
3 Cathode-resistor values are for phase-inverter service 
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9 — SPEECH AMPLIFIERS AND MODULATORS 

grids of a Class A or AB' following stage. The 
resistance coupling is used to keep the d.c. plate 
current from flowing through the transformer 
primary, thereby preventing a reduction in pri-
mary inductance below its no-current value; this 
improves the low-frequency response. W"ith low-µ 
triodes (6C5, 6.15, etc.), the gain is equal to that 
with resistance coupling multiplied by the sec-
ondary-to-primary turns ratio of the transformer. 

In B the transformer primary is in series with 
the plate of the tube, and thus must carry the 
tube plate current. When the following amplifier 
operates without grid current, the voltage gain 
of the stage is practically equal to the µ of the 
tube multiplied by the transformer ratio. This 
circuit also is suitable for transferring power 
(within the capabilities of the tube) to a following 
Class AB2 or Class B stage. 

Phase Inversion 
Push-pull output inly be secured with resist-

ance coupling by using phase-inverter or phase-
splitter circuits as shown in Fig. 9-4. 
The circuits shown in Fig. 9-4 are of the " self-

balancing" type. In A, the amplified voltage 

• 
A F 

INPUT 
9 

(B) 
Fig. 9-4—Self-balancing phase-inverter circuits. VI and 

V2 may be a double triode such as the 12AU7 or 12AX7. 
Yu may be any of the triodes listed in Table 9-1, or one 

section of a double triode. 
RI—Grid resistor (1 megohm or less). 
R2—Cathode resistor; use one-half value given in Table 

9-1 for tube and operating conditions chosen. 
Ra, R4—Plate resistor; select from Table 9-1. 
Ra, R6— Following-stage grid resistor (0.22 to 0.47 meg-

ohm). 
R7-0.22 megohm. 
Ro— Cathode resistor; select from Table 9-1. 
R9, RIO—Each one-half of plate load resistor given in 

Table 9-1. 
—10-µf. electrolytic. 

Ca, Ca-0.01- to 0.1-µf. paper. 

from VI appears acro,- R5 and 117 in series. The 
drop across 117 is applied to the grid of V2, and 
the amplified voltage from l2 appears across R6 
and 117 in series. This voltage is 180 degrees out 
of phase with the voltage from Vi, thus giving 
push-pull output. The part that appears across 
117 from V2 opposes the voltage from Vi across 
117, thus reducing the signal applied to the grid 
of V2. The negative feedback so obtained tends 
to regulate the voltage applied to the phase-
inverter tube so that the output voltages from 
both tubes are substantially equal. The gain is 
slightly less than twice the gain of a single-tube 
timplifier using the sanw operating conditions. 

In the single-tulw circuit shown in Fig. 9-4B 
the plate load resistor is divided into two equal 
parts, Ro and Rio, one being connected to the 
plate in the normal way and the other between 
cathode and ground. Since the voltages at the 
plate and cathode are 180 degrees out of phase, 
the grids of the following tubes are fed equal a.f. 
voltages in push-pull. The grid return of V3 is 
made to the junction of Rs and Rio so normal 
bias will be applied to the grid. This circuit is 
highly degenerative because of the way Rio is con-
nected. The voltage gain is less than 2 even when 
a high-st triode is used at V3. 

Gain Control 

A means for varying the over-all gain of the 
amplifier is necessary for keeping the final output 
at t lie proper level for modulating the t ransmit ter. 
The common method of gain control is to adjust 
the value of a.c. voltage applied to the grid of one 
of the amplifiers by means of a voltage divider or 
potentiometer. 

Tie. gain-control potentiometer should be near 
the input end of the amplifier, at a point where 
the signal voltage level is so low t here is no danger 
that the stages ahead of the gain control will be 
overloaded by the full microphone output. With 
carbon microphones the gain control may be 
placed directly across the microphone-trans-
former secondary. With other types of micro-
phones, however, the gain control usually will 
affect the frequeney response of the microphone 
when connected Weedy across it. Also, in a 
high-gain amplifier it is better to operate the 
first tube at maximum gain, since this gives the 
best signal-to-hum ratio. The control therefore is 
usually placed in the grid circuit of the second 
stage. 

• DESIGNING THE SPEECH 

AMPLIFIER 

The step- in designing a speech amplifier are 
as follows: 

1) Determine the power needed to modulate 
the transmitter and select the modulator. In the 
case of plate modulation, a Class B amplifier may 
be required. Select a suitable tube type and de-
termine from the tube tables at the end of this 
book the grid driving power require(l, if any. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 
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Speech Amplifier Design and Construction 

3) Select a tube, or pair of tubes, that will 
deliver the power determined in the second step. 
This is the last or output stage of the speech-
amplifier. Receiver-type power tubes can be used 
(beam tubes such as the 61.6 may be needed in 
some cases) :le determined from the receiving-tube 
tables. If the speech amplifier is to drive a Class 
B mo(lulator, use a Class A or A131 amplifier. 

4) If the spinal-amplifier output stage is also 
the modulator and must operate Class AB2 to 
develop the required power output, use a low-
or medium-a triode to drive it. If more power is 
needed than can be obtained from one tube, use 
two in push-pull, in the driver. In either case 
transformer coupling will have to be used, and 
transformer manufamtners' catalogs should be 
consulted for a suitable type. 

5) If the speech-amplifier output stage oper-
ates (lass A or AB1, it may be driven by a voltage 
amplifier. If the output stage is push-pull, the 
driver may be a single tube coupled through a 
transformer with a lailanced secondary, or may 
be a dual-triode phase inverter. Determine the 
signal voltage required for full output from the 
last stage. If the last stage is a single-tube Class A 
amplifier, the peak signal is equal to the grid-bias 
voltage; if push-pull Class A, the peak-to-peak 
signal voltage is equal to twice the grid bias: if 
Class AIlb twice the bias voltage when fixed 
bias is used; if cathode bias is use(l, twice the bias 
figured from the cathode resistance and the maxi-
mum-signal cathode current. 

6) From Table 9-I, select a tube capable of 
giving the required output voltage and note its 
rated voltage gain. A double-triode phase inverter 
(Fig. 9-4A) will have approximately twice the 
output voltage and twice the gain of one triode 
operating as an ordinary amplifier. If the driver 
is to be transformer-coupled to the last stage, 
select a medium-µ triode and calculate the gain 
and output voltage as described earlier in this 
chapter. 

7) Divide the voltage required to drive the 
output stage by the gain of the preceding stage. 
This gives the peak voltage required at the 
grid of the next-to-the-last stage. 

8) Find the output voltage, under ordinary 
conditions, of the microphone to be used. This 
information should be obtained from the manu-
facturer's catalog. If not available, the figures 
given in the section on microphones in this 
chapter will serve. 

9) Divide the voltage found in (7) by the out-
put voltage of the microphone. The result is the 
over-all gain required from the microphone to the 
grid of the next-to-the-last stage. To be on the 
safe side, double or triple t his figure. 

10) From Table 9-I, select a combination of 
tubes whose gains, when multiplied together, give 
approximately the figure arrived at in (9). These 
amplifiers will be used in cascade. If high gain is 
required, a pentode may be used for the first 
speech-amplifier stage, but it is nol advisable to 
use a second pentode because of the possibility 
of feedback and self-oscillation. In most eases a 
triode will give enough gain, as a second stage, 

to make up the total gain required. If not a 
medium-a triode may lie used as a third 
stage. 
A high-s double triode with the sertions in 

cascade makes a good low-level amplifier, and 
will give somewhat greater gain than a pentode 
followed by a medium-a triode. Wit h resistanee-
coupled input to the first section the cat bode of 
that section may be grounded (contact potential 
bias), which is helpful in reducing hum. 

• SPEECH-AMPLIFIER CONSTRUCTION 
Once a suitable circuit has been selected for 

a speech amplifier, the construction problem 
resolves itself into avoiding two difficulties — 
excessive hum, and unwanted feedback. For 
reasonably humless operation, the hum voltage 
should not exceed about I per cent of the maxi-
mum audio output voltage — that is, the hum 
and noise should be at least 40 (Ii). below the 
output level. 

Unwanted feedback, if negative, will reluce 
the gain below the calculated value: if positive, is 
likely to cause self-oscillation or " howls." Feed-
back can be minimized by isolating each stage 
with deeoupling resistors and capacitors, by 
avoiding layouts that bring the first and last 
stages near each other, and by shielding of " hot" 
points in the circuit, sueh as grid leads in low-
level stages. 

Speech-amplifier equipment, especially voltage 
amplifiers, should be constructed on steel ehassis, 
with all wiring kept below the chassis to take ad-
vantage of the shielding afforded. Exposed leads, 
particularly to the grids of low-level high-gain 
tubes, are likely to pick up hum from 1 he electric 
field that usually exists in the vicinity of house 
wiring. Even with the chassis, additional shield-
ing of the input circuit of the first tube in a high-
gain amplifier usually is le '(('55:1 r. Ill :el, lit ion, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from any audio transformers that 
operate at fairly high power levels; this will mini-
mize magnetic coupling to the grid circuit and 
thus reduce hum or audio-frequency feedback. 
It is always safe, although not absolutely neces-
sary, to separate the speech amplifier and its 
power supply, building them on separate chassis. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting ('able, 
and the plug or connector by which it is attached 
to the speech amplifier, all should be shielded. The 
microphone and cable usually are constructed 
with suitable shielding: this should be connected 
to the speech-amplifier chassis, and it is advisable 
— as well as usually necessary — to conneet the 
chassis to a grotínd such as a water pipe. With 
the top-cap tubes, complete shielding of the grid 
lead and grid cap is a necessity. 

Heater wiring should be kept as far as possible 
from grid leads, and either the center-tap or one 
side of the heater-transformer secondary winding 
should be connected to the chassis. If the center-
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9 — SPEECH AMPLIFIERS AND MODULATORS 

tap is grounded, the heater leads to each tube 
should be twisted together to reduce the magnetic 
field from the heater current. With either type of 
connection, it is advisable to lay heater leads in 
the corner formed by a fold in the chassis, bring-
ing them out from the corner to the tul st socket 
by the shortest possible path. 
When metal tubes are used, always ground the 

shell connection to the chassis. ( 11:;ss tubes used 
in the low-level stages of high-gain amplifiers 
must be shielded: tube shields are obtainable fiat 
that purpose. It is a good plan to nui si' the en-
tire amplifier in a metal box, or at least provide it 
with ti cane-metal cover, to avoid fee.lback difli-

culties caused by the r.f, field of the transmitter. 
Hi picked up on exposed wiring, leads or tube 
elements causes overloading, distortion, and 
self-oscillation of the amplifier. 
When using paper cat tacit ors as bypasses, he 

sure that the terminal marked "outside foil - is 
connected to ground. This utilizes t he out su le foil 
of tile capacitor as a shield around the •• hot -
foil. When paper capacitors are used for coupling 
bet with stages, always roaneui the outside foil 

ti) the side of the circuit having the 
lowest impedative to ground. Usually, this will 
be the plate si i lit rather than the following-grid 
side. 

Modulators and Drivers 

• CLASS AB AND B MODULATORS 
Class AB or B modulator circuits are basically 

identical no matter what the power output of the 
modulator. The diagrams of Fig. 9-5 therefore 
will serve for anv modulator of this type that the 
amateur may elect to build. The triode circuit is 
given at Aa nil the circuit for tetrodes it B. When 
small tubes with indirectly heated cathodes are 
used, the cat lodes should fie connected to ground. 

Modulator Tubes 

The audio ratings of various types of trans-

DRIVER PLATES 
OR LINE 

(A) 
FIL 

TRANS 

DRIVER PLATES 
OR LINE 

(B) 
FIL 

TRANS 

05 VAC 

115VAC 

MOO * NV 

+NV FOR 
MOD AMP 

Fig. 9-5—Modulator circuit diagrams. Tubes and circuit 
coisiderations are discussed in the text. 

Ako r crE 

+ Nv FOR 
MOD AMP 

TO MOO 
AMP PLATE 

milting t Luit' t. I given in the chapter eontaining 
the tube tables. Choose a pair of tubes that is 
capable of delivering sine-wave t it ho power 1111:11 
to SOIneWhat MOP than half the iii. input t.) the 
modulated Class C amplifier. It is sometimes 
convenient to use tubes that will opera', at the 
same plate as that „ po p,' ti, 
stage, because i me power supply cif adequate cur-
rent capacity may then suffice for bot h -11,2rs. 

In estimating the output of the in.rfula or, 
remember that the figures given in the tables are 
for the tube output only. :mil do not include tit-
put-transformer losses. To be a, It 'qua te for modu-

lating the transmitter. the modulator 
should have a theoretical power eapa-
bility 15 to 25 per vent greater than the 
actual power neetleil for modulation. 

Matching to Load 

In giving audio ratings on power 
tubes. manufacturers specify the plate-
to-pla t e tad im titillative into which the 
tubes must (vitiate ti) deliver the rated 
audio power output. This load imped-
ance seldom is the same as the modu-
lating inuatilatice of the Class C r.f. 
stage, so a match mi tst. be brought 
about by adjusting the turns ratio of 
the coupling transformer. The required 
turns ratio, primary to secondary, is 

N = 

where N Turns ratio, primary to 
secondary 

Z. = Modulating impedance of 
Class C r.f. amplifier 

= Plate-to-plate load imped-
ance for Class B tubes 

Example: The modulated r.f. amplifier is to 
operate at 1230 volts and 230 nut. The power 
input is 

P El .• 1250 X 0.23 = 312 watts 

80 the modulating powt.r regoired is 312/2 
156 watts. Increasing this by 25', to allow for 
losses and a reasonable operating margin gives 
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156 X 1.23 = 193 watts. The modulating im-
pedance of the Class r. stage is 

E 1250 
= — — = 5000 ohms. 
/ 0.25 

From the tube tattles a pair of Class 13 tubes is 
selected that will give 200 watts output when 
working into a 6900-ohm load, plate-to-plate. 
The primary-to-secondary turns ratio of the 
modulation transformer therefore should be 

N = Ni6_9110 = 1.175:1. 
Z,s 3000 

The required transformer ratios for the ordinary 
range of impedanees are shown graphically in 
Fig. 9-6. 
Many modulation transformers are provided 

with primary and seeontlary taps, so that various 
turns ratios ran be obtained to meet the require-
ments of partieular tube combinations. How-
ever, it may Is! that Ow \aet hints ratio re-
quired cannot be securi,l, even with a tapped 
mochtlation transformer. Smatl departures lo on 
the proper turns ratio will have no serious effert 
if the modidator is operating well within its capa-
1,ilities: if the actual turns ratio is within 10 per 
vent of the ideal value the system will operate 
satisfavtorily. Where the discrepaney is larger, 
it is usually possible to choose a new set of 
operating cctiti litions for the Class C stage to 
give a 100(1! dating impedanee that can be 
matched by the turns ratio of the available 
t ransformer. This may require operat irig the Class 
C amplifier at higher voltage and less plate rut.-
rent, if the modulating impedanee must be 
inereased, or at lower voltage and higher current 
if the modulat ing impedance must he ih4Teast41. 
I lowever, this process cannot he carried vory far 
without exreeding the ratings of tile Class C 
tubes for either plate voltage or plate current, 
even though the power input is kept at the same 
figure. 

Suppressing Audio Harmonics 

Distortion in either the driver or Class 13 modu-
lator will valise ut. I'. harmonies that may lie out-
side the frequency band needed for intelligible 
speeeli 11.1iile it is almost impossible 
to avoid some clistortion, it is possible to cut 
clown the amplitude of the higher-frequeney 
harmonics. 
The purpose of eapacitors CI and C., across the 

primary and seeonm Iary. respectively, of the Class 
B output transformer in Fig. 9-5 is to reduce the 
strength of harmonies and unneeessary high-
frequenry component s existing in t he modulation. 
The rapavit ors act with the leakage inductanee 
ofthe t ransformer winding to form a rudimentary 
low-pass filter. 'Ile va hues of capacitance is red 
will del )pur I on the load resistanee (modulating 
impedance of the Class C amplifier) and the 
h,akage indurtance of the particular transformer 
used. In general, yap:wit:lures bet ‘i yell about 
0.001 and 0.01 mf, will be require ,1: the larger 
values are neeessary with the lower values of load 
resistanee. The voltage rating of each rapacitor 
should at least 1)e VC Mal to the d.c. voltage at the 
transformer winding with whirl] it is associated. 
In the case of ('2, part of the total rapacitanee re-
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Modulating Impedance of R.E Amplifier 

Fig. 9-6—Transformer ratios for matching a Class C 
modulating impedance to the required plate-to-plate 
load for the Class B modulator. The ratios given on the 
curves are from total primary to secondary. Resistance 

values are in kilohms. 
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quired will be supplied by the plate bypass or 
Working capacitor in the modulated amplifier. 
A still better arrangement is to use a low-pass 

filter as shown later, even though clipping is not 
deliberately employetl. 

Grid Bias 

Certain triodes designed for Class B audio work 
can be operated wit bout grid bias. Besicles 
eliminating the grid-bias supply, the fact that 
grid current flows over the whole audio cycle 
means that the load resistarnp for the driver is 
fairly constant. With these tubes the grid-return 
lead from the center-tap of the input transformer 
seeondary is simply connerted to the filament 
center-tap or rathode. 

When the modulator tubes require bias, it 
should always be supplied from a fixed voltage 
source. Cathode bias or grid-leak bias eannot be 
used with a ( lass li amplifier: wit It h)othi types the 
bias rhanges with the amplitude of the signal 
voltage. whereas proper operat ion demands that 
the bias voltage be unvarying no matter what the 
st tot li of the signal. When only a small amount 
of bias is required it van be obtained eonveniently 
from a few dry veils. For larger bias voltages a 
heavy-duty " B" battery may be used if the 
grid current does not extend 40 or 50 milliam-
peres on voire peaks. The batteries are charged 
by the grid eurrent rather than discharged, h mo 
a battery nevertheless will deteriorate with time 
and its internal resistanev will increase. When 
the inerease in internal resistance becomes ap-
preriable, the battery tends to act like a grid-
leak resistor and the bias varies with the applied 
signal. Batteries should be cheeked with ut volt-
meter occasionally while the amplifier is operat-
ing. If the bias varies more than 10 per cent or so 
with voire excitation the battery should be 
rephreed. 
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9— SPEECH AMPLIFIERS AND MODULATORS 

As an alternative to batteries, a regulated bias 
supply may be used. This type of supply is de-
scribed in the power supply chapter. 

Plate Supply 

In addition to adequate filtering, the voltage 
regulation of the plate supply should be as good 
as it 1811 made. If the d.c. output voltage of 
the supply varies with the load current, the 
voltage at maxim,/ in current determines the 
amount of power that can be taken from the 
modulatifr without distortion. A sum fly whose 
voltage drops from 1500 at no load to 1250 at the 
full modulator plate current is a 1250-volt sup-
ply. so far as I ti titiitltihitiir is C011eertled, and any 
estimate of the power output available should 
be based on the lower figure. 
Coid dynamic. regulation — i.e., with sud-

denly applied loads — is equally as important as 
goisl regulation under steady loads, since an in-
, stantaneous drop in voltage on voice peaks alSO 
Will limit the output and cause distortion. The 

mit pitt oaPat'ilor a the supply should ha" as 
much capacitance as conditions permit. A value 
of at least 10 pf. slit mit) be used, and still larger 
values are desirable. it is better 
to use all the available capaci-
tance in a single-section filter 
ratifer than to distribute it be-
tween two sections. 

It is particularly important. 
in the case of a ti 't Class B 
stage, that the screen-voltage 
Power-supply source have excel-
lent regulation. to prevent dis-
tort ion. The screen voltage 
should be set as exartly as pos-
sible to this revommended value 
for the tube. The mho itnped-
awls between screen and ca-
thode also must be low. 

Overexcitation 

When a Class B amplifier is 
overdriven in an attempt to se-
cure more than the rated power, 
distortion inereases rapidly. The 
high-frequency harmonics which 
result from the distortion modu-
late the transmitter, producing 
spuriot us siilebands which can 
cause si ' riot interference over a 
band of frequencies several times 
the channel width rettuired for 
speech. (This can happen even 
though the modulation percent-
age, as defined in the chapter on 
amplitude modulation. is less 
than 100 per cent, ii the modu-
lator is incapable of delivering 
the audio power required to 
modulate the transmitter.) 

As shown later, such a con-
dition may be reached by delib-
erate design, in case the modu-
lator is to be adjusted for peak 

clipping. But whether it happens by accident or 
intention, the splatter and spurious sidebands can 
be eliminated by inserting a lowlfass filter ( Fig. 
9-13) between the modulator and the modulated 
amplifier, and then taking care to see that the 
actual modulation of the r.f. amplifier does not 
exceed 100 per rent. 

Operation Without Load 

Excitation should tower be applied to a Class 
B modulator until after the Class C amplifier is 
turned on awl is drawing the vahus of plate cur-
rent required to present the rated load to the 
modulator. With no load to absorb the power, 
the primary impedance of the transformer rises 
to a high value and excessive at olio voltages may 
be developed in the primary — frequently high 
enough to break down the transformer insulation. 

• DRIVERS FOR CLASS-B 
MODULATORS 

Class Al i2 and Class B amplifiers are driven 
into the grid-current region, so power is con-

GLASS-B 
,As GRIDS 

GLASS-B 
BIAS GRIDS 

Fig. 9-7—Triode driver circuits for Class B modulators. A, resistance 
coupling to grids; B, transformer coupling. R; in A is the plate resistor 
for the preceding stage, value determined by the type of tube and 
operating conditions as given in Table 9-l. Cu and R2 are the coupling 
capacitor and grid resistor, respectively; values also may be taken 
from Table 94. 
In both circuits the output transfomer, ( TIT2,) should have the proper turns 
ratio to couple between the driver tubes and the Class B grids. Ti in 
B is usually a 2:1 transformer, secondary to primary. R, the cathode re-
sistor, should be calculated for the particular tubes used. The value of C 
the cathode bypass, is determined as described in the text. 
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SPEECH AMPLIFER POWER AMP. 

Fig. 9-8—Speech-amplifier driver for 10-15 watts output. Capacitances are in µf. Resistors are 1/2  watt un-
less specified otherwise. Capacitors with polarity indicated are electrolytic; others may be paper or ceramic. 

CRI— Selenium rectifier, 20 ma. Class-8 tubes used; 15 wad rating. 
RI — 50,000-ohm potentiometer, preferably wire wound. T3—Power transformer, 700 volts c.t., 110 ma.; 5 volts, 

Ti—Interstage audio transformer, single plate to push- 3 amp.; 6.3 volts, 4 amp. 
pull grids, turns ratio 2 to 1 or 3 to 1, total T4—Power transformer, 125 volts, 20 ma.; 6.3 volts, 
secondary to primary. 0.6 amp. 

T2—Class-B driver transformer, 3000 ohms plate-to- Ts — 2.5 - volt 5-ampere filament transformer (Thordarson 

plate; secondary impedance as required by 21 F00). 

sumed in the grid circuit. The preceding stage or 
driver must be capable of supplying this power at 
the required peak audio-frequency grid-to-grid 
voltage. Both of these quantities are given in the 
manufacturer's tube ratings. The grids of the 
Class B t III es represent a varying load resistance 
over the audio-frequency cycle, because the grid 
current does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source that will main-
tain the wave form of the signal without distor-
tion even though the load varies. That is, the 
driver stage must have good regulat ion. To this 
end, it should be capable of delivering somewhat 
more power than is consumed by the Class B 
grids, as previously described in the discussion on 
speech amplifiers. 

Driver Tubes 

To secure good voltage regulation the internal 
impedance of the driver, as seen by the modula-
tor grids, must be low. The principal component 
of this impedance is the plate resistance of the 
driver tube or tubes as reflected through the 
driver transformer. Hence for low driving-source 
impedance the effective plate resistance of the 
driver tubes should be low and the bens ratio 
of the driver transformer, primary to secondary, 

should be as large as possible. The maximum 
turns ratio that can be used is that value which 
just permits developing the modulator grid-te-
grid a.f. voltage required for the desired power 
output. The rated tube output as shown by the 
tube tables should be reduced by about 20 per 
cent to allow for losses in the Class B input 
transformer. 
Low-la triodes such as the 2A3 have low plate 

resistance and are therefore good tubes to use 
as drivers for Class AB 2 or Class B modulators. 
Tetrodes such as the 6V6 and 6I,6 make very 
poor drivers in this respect when used without 
negative feedback, but with such feedback the 
effective plate resistance can be reduced to à 
value comparable with low-m triodes. 

Fig. 9-7 . shows representative circuits for a 
push-pull triode driver using cathode bias. If the 
amplifier operates Class A the cathode resistor 
need not be bypassed, because the al. current s 
from each tube flowing in the cathode resistor 
are out of phase and cancel each other. However, 
in Class AB operation this is not true: consider-
able distortion will be generated at high signal 
levels if the cathode resistor is not bypassed. 
The bypass capacitance required can be calcu-
lated by a simple rule: the cathode resistance in 
ohms multiplied by the bypass capacitance in 
microfarads should equal at least 25,000. The 
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9- SPEECH AMPLIFIERS AND MODULATORS 

voltage rating of the capacitor should be equal 
to the maximum bias voltage. This can be found 
from the maximum-signal plate current and the 
cathode resistance. 

Example: A pair of 2A3s is to be used in 
Class Alb self-biased. From the tube tables, the 
cathode resistance should lie 780 ohms and the 
maximum-signal plate current 100 nia. From 
011111.8 Law, 

E = RI = 780 X 0.10 = 78.6 volts 

From the rule mentioned previously, the by-
pass capacitance required is 

C = 25,000 = 25,000/780 = 32 µf. 

A 40- or 50-i.d. 100-volt electrolytic capacitor 
would be sati,factory 

Fig. 9-8 is a typical circuit for a speech ampli-
fier suitable for use as a driver for a Class AB., 
or Class B modulator. An output of about 13 
Vitt ts can be realized with the power supply 
circuit shown (or any similar well-filtered supply 
delivering 3(10 volts ;under load). This is sufficient 
for driving any of the power triodes commonly 
used as modulators. The 2A:is in the output 
stage are operated Class AB1. The circuit pro-
vides several times the voltage gain needed for 
conummieations-type crystal or eeramie micro-
phones. 
The t sections of a 1 2AX7 tube are used in 

the first t wo stages of the amplifier. These are 
resistance coupled, the gain control being in the 
grid eireuit of the second stage. Although the 
cathode of the first stage is grounded and there is 
no separate bias supply for the grid, the grid 

(A) 

Fig. 9-9—Negative-feedback circuits for drivers for Class B modu-
lators. A—Single-ended beam-tetrode driver. If V: and VS are a 
6.15 and 6V6, respectively, or one section of a 6CG7 and a 6AQ5, 

the following values are suggested: RI, 47,000 ohms; R2, 0-47 

megohm; Rs, 250 ohms; Pt, Rs, 22,000 ohms; CI, 0.01 af.; C2, 50 pf. 
B—Push-pull beam-tetrode driver. If V: is a 6.15 or 6CG7 and V2 

and VI 6L6s, the following values are suggested: RI, 0.1 megohm, 
R2, 22,000 ohms; R3, 250 ohms; CI, 0.1 ed.; C2, 100 Ø. 

I ias actually is about one volt because of " von-
tact potential." 
The third stage uses it medium-14 triode which 

is coupled to the 2A3 grids through a trans-
former having a push-pull secondary. The ratio 
may be of the order of 2 to I (total secondary to 
primary or higher: it is not critical since the gain 
is sufficient without :t high step-up ratio. 
The oitIt t ransformer, 7'2, should be selected 

to couple I wl tv(wli push-pull 2A3s and the grids 
of the particular modulator tubes used. 
The powur supply has a eapacitor-input filter 

the output of which is applied to the 2A3 
plates through 72. For the lower-level stages, 
additional filtering is provided by successive 
RC filters which also serve to prevent audio feed-
back through the plate supply. 

Grid bias for the 2A:is is furnished by a sep-
arate supply using a small selenium rectifier 
and a TV " booster" transformer, 7'4. The bias 
may be adjusted by means of RI, and should be 
set to — 62 volts or to obtain a total plate current 
of 80 ma. (as measured in the lead to the primary 
center tap of 7'2) for the 2A:1s. 

In Imilding an amplifier of this type the con-
struetional precautions outline(I earlier should 
be ol>served. The Class AB modulators described 
subsequently in this ehapter :we representative of 
good constructional pral 

Negative Feedback 

Whenever tetrodes or pcntodcs are used as 
drivers for Class it modulators, 
negative feedback should be used 
ill the driver stage, for the reason 
already discussed. 

Suitable eireuits for single-ended 
and push-pull tetrodes are shown in 
Fig. 9-9. Fig. 9-9A shows resistance 
coupling between the preceding 
stage arid a single tetrode, such as 
the 6V6. that oiwrates at the same 
plate voltage as the preceding stage. 
Part of llw a.f. voltage across the 
primary of the output transformer 
is fed baek to the grid of the tetrode, 
V2, through the plate resistor of 
the preceding tube, l. The total 
resistanee and R5 111 Seri" 
Sh0111(1 be ten or more times the 
rated load rusistalivi. of 1%2. Instead 
of the xmltagc divider, a tap on the 
transformer primary ran be used to 
supply the feetlbark voltage, if 
sueh a tap is available. 
Tlw amount of feedback voltage 

that appears at the grid of tube 172 
is determined by RI. R2 and the 
plate resistance of as well as by 
the relationship between RI : 111(1 R . 
(7ircuit values for typical tube 
combinations are given in detail in 
Fig. 9-9. 
The push-pull circuit in Fig. 9-9H 

requires an audio transformer with 
a split secondary. The feedback 
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voltage is obtained from the plate of ( twit 
output tulw by means of the voltage divider, 
RI, R2. l'Ire blocking eaparitor, CI, prevents the 
d.e. plate voltage from being applied to RA: 
the reactatwe of this capaeitor should be low, 
rompared with the sum of and R2, at the 
lowest audio frequenry to be amplified. Also, 
the sum of RI and 112 should lii high ( ten times 
or mom) compared with the rat ' al load resist:01re 
for t "? and I'2. 

In this circuit the feedbark voltage that is 
developed avross R2 appears at the grid of V2 
(or I-2) through the transformer l'atelnplary and 
grid-rathiiiht cirettit of the tube, pitoviile'd the 
tubes are not driven to grid eurrent. The per cent 
feedback is 

n —   0 
RI ± 11 X 10 2 

where n is the fee II percentage, and RI and 

112 are connected as shown in the diagram. The 
higher the feedback percentage, the lower the 
effective plate resistance. However, if the per-
centage is made too high the preceding tul o, l't, 
may not be able to develop enough voltatze, 
thrintgh 7'1, to ilrive the push-pull stage to Ina 
mum output without itself generating harmonic 
distortion. Distortion in 1'1 is not compensated 
for by the feedback circuit. 

If 1.2 and l" 3 are 6Lfis operated self-biased in 
(lass A131 with a load resista rue of 9009 ohms, 
1"t is a 6.15 or similar triode. and 7). has a turns 
ratio of 2-to- I, total secontlary to primary, it is 
possible to use over 30 per cent feedback without 
going beyond the output-voltage capabilities of 
the triode. Tu‘ only per (ago feedback will reduce 
the effective plate resistance to the point where 
the output voltage regulation is better than that 
of 2A3s without feedback. The power output 
under these conditions is about 20 watts. 

Increasing the Effectiveness of the Phone Transmitter 

The elTectivene,.., ur an amateur phone trans-
mitter ran be inici'u:useul tori eonsiderable \ tent by 
taking advantage of speech characteristics. \ leas-
tires that may lie taken to make the modulation 
more etieetive im•holi. I and compression ( filter-
ing), volume compression, and speech clippjpg. 

Compressing the Frequency Band 

Most of the intelligibility in speech is eon-
tained in the roe hum band of frequenries: that is, 
between about 500 and 2500 eyries. I tit the other 
hand, a large portion of speed) power is nor-
mally fourmi 1)elow 500 eyries. If these low fre-
quencies am attenuated, the frequenries that 
rarity most or the net wd rommuniention can he 

:MTH, iiiti uit horit eNeeeding 100-

per Cent iruuduilnrt¡lilt, and the effectiveness of the 
transmit ter is rorrespondingly inereased. 

)ru  simple way to reduce low-frequeney re-
sponse is to use small values of coupling rapari-
tance bet ween resist irai -ii inpled stages, as shown 
in Fig. 9-10.1. A time constant of 0.0005 second 
for tlw coupling rapaviliir and fi dlowing-st age 
grid resistor will have lit Ile eff mil on the amplifi-
cation at 500 cycles, hut \\ ill practically halve it 
at 100 cycles. In two raseaded stages the gain 
will be down about 5 db. at 200 eyries and 10 db. 
at 100 eye les. When the grid ta tsist or is 1, megolun 
a coupling capavit or of 0.001 d. will give the 
required time constant. 
The high-frequency response can be reduced 

by using " tone ront rid" methods, utilizing a ra-
paritor in series with a. variable resistor connect il 
across arr alit it ,  ¡ MI/ell:11We at SI /Me iiint ill tile 

SI/In tel' amplifier. The best spot for the tone con-
trol is across the primary of the output trans-
former of the speed' amplifier, as it) Fig. 9-1011. 
The eapaeitor should have a reactatwe at 1000 
evelps about equal to the low t resist:owe required 
1.).y t lat amplifier tube or Indies. while the variai il 
resistor in series may have a value equal tu four 
or five times the load resistance. The control ran 

be adjusted while listening to the amplifier, the 
object Iwing to eut the high-frequency response 
withiitit unduly sacrificing intelligibility. 

Rest rirting the frequency response not only 
puts mom modulo t ion power in the opt inium fre-
quency band Imo nitsi i iii loirs hum, because the 
low-frequenry response is redured, and helps re-
duce the width of the channel ocrupied by the 
transmission, because of the reditittion in the 
amplitude of the high audio frequencies. 

Volume Compression 

Although it is obviously desirable ti) modulate 

+B 

Fig. 9-10—A, use of o small coupling capacitor to reduce 
low-frequency response; B, tone-control circuits for re-
ducing high-frequency response. Values for C and R are 
discussed in the text; 0.01 ¿if. and 25,000 ohms are typical. 
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the transmitter :is completely as possible, it is 
difficult to maintain constant voice intensity 
when spea king into the miorophone. To overcome 
this variable output level. It is possible to use 
automatic gain alit rol that follows the average 
(not instantaneous) variations in speech ampli-
tude. This can be ' lone by rectifying and filtering 
some of tlu. awn.) output and applying the recti-
fied and filtered to a control electrode in an 
early stage in the amplifier. 

practical circuit for this purpose is shown 
in Fig. 9-11. VI, a medium-l2 triode. has its grid 
ponnected in parallel with the grid of the last 
spee('h amplifier tube ( the stage preceding the 
power st:t.ge) thnnigh the gain control RI. The 
amplified output is coupled to a full-wave recti-
fier, 1-+. The rectified audio mit put develops a 
negative d.c. voltage :wross Cill3, which has a 
sufficiently hmg t ime constant to hold the voltage 
at a reas.onably steady value between syllables 
and words. The 111'ga 1 iv(' ( Le. volt age is applied as 
control bias to the suppressor grid of the first tube 
in the speech anqdifh.r t this circuit requires a pen-
tode first stage), effect ing a reduction in gain. The 
gain reduction is subst ant lolly proportional to the 
average mierophone output and thus tends to 
hold the amplifier output at a most ant level. 

R, 
500 

GRID OF 
LAST 
SP AMP 1,5 

25v 
10 

CI 

10E 

100K 

R4 

R3 cz 

MEG 'CH 

,0 5.v1 

Oîe 
SP1AP 

82K R2 

+250 25K 

Fig. 9-1 1 —Speech-amplifier output limiting circuit. 
Vi-6C4, 6C5, 6CG7, 6.15, 1 2AU7., etc. 
V2-6H6, 6AL5, etc. 
Ti — Interstage audio, single plate to p. p. grids. 

An adjustable bias is applied to the cathodes of 
V2 to rut off the tulw at low levels and thus 
prevent rect ti,',, t ion until a desired output level 
is reached. 113 is the " threshold control" which 
sets this level. RI, the gain control, determines 
the rate at which the gain is reduced with in-
creasing signal level. 
The hold-in time can be increased by increasing 

the resistance of R3. C2 and R4 may not be neces-
sary in all vases; their function is to prevent 
too- rapid gain reduction on a sudden voice peak. 
The rise tinie" of this circuit can be increased 
by increasing C2 or 114, or both. 
The over-all gain of the system must be high 

enough so that full output can be secured at a 
moderately low voice level. 

Speech Clipping and Filtering 

In ›Npeech wave forms the average power eon-

tent is considerably less than in a sine wave of 
the same peak amplitude. Since modulation per-
centage is based on peak values, the modulation 
or sideband power in a transmitter modulated 
100 per cent, by an ordinary voice wave form will 
be considerably less than the sideband power in 
the same transmitter modulated 100 per cent by 
a sine wave. In other words, the modulation j)er-
ventage with voice wave forms is determined by 
peaks having relatively low average power eon-
tent.. 

If the low-energy peaks are clipped off, the 
remaining wave form will have a conshh.rably 
higher ratio of average power to peak amplit 
More sil!) 'band power will rl.sult, therefore, when 
such a clipped wave is used to modulate the 
transmitter 100 per eent. Although clipping dis-
torts the wave fi rin awl the result tlo.refore does 
net sound exact ly like 1 he original, it is possilile 
to secure a wort h-while increase in modula-
tion power without sacrificing intelligibility. Once 
the system is properly adjusted it will he impos-
sible lo overmodulatc the lramemiller I )( 4'a Use t he 
maximum output amplitinle is fixed. 
By itself, clipping generates the same high-

order harmonics that ov,amodulation does, and 
theref, ir,. will cause splatter. To prevent. this, 
the audio frequencies above those needed for 
intelligible speech must Ix. filtered out, after clip-
ping and before modulation. The filter required 
for this purpose should have relatively little at-
tenuation at frequencies below about 2500 cycles, 
but high attenuation for all frequencies above 
3000 eyries. 

It is. possible to use as much as 25 db. of clip-
ping before intelligibility suffers; that is, if the 
original peak anqilitude is 10 volts, the signal ea us 
be clipped to such an extent that the resulting 
maximum amplitude is less than one volt. If the 
original 10-volt signal represented the amplitude 
that caused 100-per-cent modulation (ni peaks, 
the clipped and filtered signal ran then be ampli-
fied up to the same 10-volt peak level for modu-
lating the transmitter. 
There is a loss in naturalness widi " deep" dip-

ping, even though the voice is highly intelligible. 
With moderate clipping levels (6 to 12 db.) there 
is almost no change in " quality" but the voice 
power is increased considerably. 

Before drastic clipping can be used, the speech 
signal must be amplified several times more than 
is necessary for normal modulation. Also, the 
hum and noise must be much lower than the 
tolerable level in ordinary amplifieat ion, because 
the noise in the output of the amplifier im•reases 
in proportion to the gain. 
One type of clipper-filter system is shown in 

block form in Fig. 9-12A. The clipper is a peak-
limiting reel ifier of the same general type that is 
used in receiver noise limiters. It must clip both 
positive and negative peaks. The gain or clipping 
control sets the amplitude at which clipping 
starts. Folh,wing the low-pass filter for elimi-
nating the harmonie distortion frequencies is a 
second gain control, the " level" or modulation 
control. This control is set initially so that the 
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Prea 
A re ph lude 
Lander 

(A) Gam 
Control 

4. 

Low- Pass 
Fl I ter 

Output 
Ampfifier 

Level 
Control 

8/45ov 
CLIPPER 

4710 

FILTER 

Fig. 9-12—(A) Block diagram of speech-clipping and filtering amp-
lifier. (B) Practical speech clipper circuit with low-pass filter. Capaci-

tances below 0.001 µf. are in µµf. Resistors are 1/2  watt. 

14-20 henrys, 900 ohms (Stancor C-1515). 
Si—D.p.d.t. toggle or rotary. 

amplitude-limited output of the clipper-filter 
cannot cause more than 100 per cent modulation. 

It should be noted that the peak amplitude 
of the audio wave form actually applied to the 
modulated stage in the transmitter is not neces-
sarily held at the same relative level as the peak 
amplitude of the signal coming out of the clipper 
stage. When the clipped signal goes through the 
filter, the relative phases of the various fre-
quency components that pass through the filter 
are shifted, particularly those components near 
the cut-off frequency. This may cause the peak 
amplitude out of the filter to exceed the peak 
amplitude of the clipped signal applied to the 
filter input terminals. Similar phase shifts can 
occur in amplifiers following the filter, especially 
if these amplifiers, including the modulator, do 
not have good low-frequency response. With 
poor low-frequency response the more-or-less 
"square" waves resulting from clipping tend to 
be changed into triangular waves having higher 
peak amplitude. Best practice is to cut the low-
frequency response before clipping and to make 
all amplifiers following the clipper-filter as flat 
and distortion-free as possible. 
The best way to set the modulation control 

in such a system is to check the actual modulation 
percentage with an oscilloscope connected as de-
scribed in the section on modulation. With the 
gain control set to give a desired clipping level 
with normal voice intensity, the level control 
should be adjusted so that the maximum modu-
lation does not exceed 100 per cent no matter how 
much sound is applied to the microphone. 
A practical clipper-filter circuit is shown in 

Fig. 9-12B. It may be inserted between two 
speech-amplifier stages (but after the one having 
the gain control) where the level is normally a few 
volts. The cathode-coupled clipper circuit gives 
some over-all voltage gain in addition to perform-
ing the clipping function. The filter constants 
are such as to give a cut-off characteristic that 

combines reasonably good fidelity with 
adequate high-frequency suppression. 

High-Level Clipping and Filtering 

Clipping and filtering also can be 
done at high level — that is, at the point 
where the modulation is applied to the 
r.f. amplifier — instead of in the low-
level stages of the speech amplifier. In 
one rather simple but effective arrange-
ment of this type the clipping takes 
place in the Class-B modulator itself. 
This is accomplished by carefully ad-
justing the plate-to-plate load resistance 
for the modulator tubes so that they 
saturate or clip peaks at the amplitude 
level that represents 100 per cent 
modulation. The load adjustment can 
be made by choice of output trans-
former ratio or by adjusting the plate-
voltage/plate-current ratio of the mod-
ulated r.f. amplifier. It is best done by 
examining the output wave form with 
an oscilloscope. 

The filter for such a system consists of a choke 
coil and capacitors as shown in Fig. 9-13. The 
values of L and C should be chosen to form a low-
pass filter section having a cut-off frequency of 
about 2500 cycles, using the modulating imped-
ance of the r.f. amplifier as the load resistance. 
For this cut-off frequency the formulas are 

63.6 
-= — and CI = C2 = 

7850 
where R is in ohms, L1 in henrys, and C1 and C2 
in microfarads. For example, with a plate-modu-
lated amplifier operating at 1500 volts and 200 
ma. (modulating impedance 7500 ohms) L1 
would be 7500/7850 = 0.96 henry and CI or 
C2 would be 63.6/7500 = 0.0085 af. By-pass 
capacitors in the plate circuit of the r.f. amplifier 
should be included in C2. Voltage ratings for CI 
and C2 when connected as shown must be the same 
as for the plate blocking capacitor — i.e., at least 
twice the d.c. voltage applied to the plate of the 
modulated amplifier. L and C values can vary 10 
per cent or so without seriously affecting the op-
eration of the filter. 

Besides simplicity, the high-level system has 
the advantage that high-frequency components 

To 
Plate of 
Modulated 
Amplifier 

Fig. 9- 13—Splatter-suppression filter for use at high 
level, shown here connected between a Class B modulator 
and plate-modulated r.f. amplifier. Values for Li, C: 

and C2 ore determined as described in the text. 
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of the audio signal fed to the modulator grids, 
whether present legitimately or as a result of 
amplitude distortion in lower-level stages, are 
suppressed along with the distortion components 
that arise in clipping. Also, the undesirable effects 
of poor low-frequeney response following clipping 
and filtering, mentioned in the preceding section, 

are avoided. Phase shifts can still occur in the 
high-level filter, however, so adjustments prefer-
ably should be made by using an oscilloscope to 
check the actual modulation percentage under 
all conditions of speech intensity. For further 
discussion see Bruene, " High-Level Clipping and 
Filtering", QS7', X', vember, 1951.) 

Low-Power M odulator 
A modulator suitable for plate modulation of 

low-power transmitters or for screen or control-
grid modulation of high-power amplifiers is 
pktured in Figs. 9-14 and 9-16. As shown in 
Fig. 9-15, it uses a pair of 61Q5's in push-pull 
in the output stage. These are driven by a 6C4 
phase inverter. A t wo-stage preamplifier using a 
12.1 X7 brings the output voltage of a crystal or 
ceramic microphone up to the proper level for 
t he GC4 grid. A power supply is included on the 
same chassis. 
The undistorted audio output of the amplifier 

is 7-8 watts. This is sufficient for modulating the 
plate of an r.f. amplifier running 10 to 15 watts 
input, or for modulating the control grids or 
screens of r.f. amplifiers using tubes having plate-
dissipat ion ratings up to 250 watts. When screen 
modulatitat is used the screen power for the 
modulated amplifier (up to 250 volts) can be 
taken from the modulator power supply. The 
wiring shown in Fig. 9-15 provides for titis, 
through an adjustable tap on the 25,000-ohm 
bleeder resistor, 115, in the power supply. If a 
separate screen supply is lised, or if t he modulator 
is used for grid-I das or plate modulation of an 
r.f. amplifier. the d.e. rireuit should be opened 
at point " N '• in Fig. 9-15. 
The amplifier uses resistanve coupling up to the 

output-stage grids. The first section, VIA, of the 
12A X7 has " contact-potent ial" bias. The gain 
lad:in:1, III, is in the grid circuit of the sevend 
sevt ion, nit, of the 12AX7. Negative feedback 
from the stwondary of the output transformer, 
7'1, is introduced at the cathode of this tube 
section. The feedback voltage is dependent on 

the ratio of 112 to 1?3, approximately, and with the 
constants given is sufficient to result in a con-
siderable reduction in distortion along with im-
proved regulation of the audio out put voltage. 
The latter is important when the unit is used for 
modulating a screen or control grid, as described 
in the chapter on amplitude modulation. 
The phase inverter is of the split-load type 

described earlier in this chapter. It drives the 
push-pull 6AQ5's in the power amplifier. The 
output transformer used in the power stage is a 
multitap modulation transformer suitable for 
any of the types of modulation mentioned above. 

Capacitor C1 across the secondary of the 
output transformer, Th is used to reduce the 
high-frequency response of the amplifier. Without 
it, self-oscillation is likely to occur at a high 
audio frequency (ustnaly above audibility) be-
cause phase shift in the output transformer at 
the end of its useful frequency range causes the 
feedback to become positive. 
The power supply uses a replacement-type 

transformer and choke with a eztit:tritor-input 
filter. Voltage under the modulator and speech-
amplifier load is 250. The deeoupling resistance-
capacitance networks in the plate circuits of 
VIA and FIB vontribute additional smoothing of 
the (I.e. for these low-level stages. 
The unit includes provision for send-receive 

switching, S1 being used for that purpose. 81n 
can be used to control t he r.f. seetion — for ex-
ample, by being :a:walled in parallel with the 
key used for e. w. op.ration. Si111111talleOUSly 

SIA short-circuits the secondary of 7'1 so the 
transformer will not be damaged by being left 

Fig. 9- 14—Speech amplifier and low-power modulator 
suitable for screen or control-grid modulation of high-
power amplifiers, or for plate modulation of an r.f. stage 
with up to 15 watts plate input. It is assembled on a 
7 X 9 X 2-inch steel chassis, with the power supply 
occupying the left-hand section and the audio circuits the 
right. The 12AX7 preamplifier is at the lower right-hand 
corner, the 6C4 phase inverter is to its left, and the 
6AQ5 power amplifiers are behind the two. Controls 
along the chassis edge are, left to right, the power switch, 
send-receive switch, gain control, and microphone jack. 



A Low-Power Modulator 

0.01 

MI5 

o  
115V. 
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V.4 
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+160 

174X7 654 65055 

0.01 
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415V. 

63V 

PHASE INV 

Fig. 9- 15— Circuit of the speech amplifier and modulator. All capacitances are in uf.; ca-
pacitors with polarities marked are electrolytic, others are ceramic. Resistors are 1/2  watt 

except as noted below. Voltages measured to chassis with v.t. voltmeter. 

.200V 

10 
450V1 

.11— Microphone connector (Amphenol 75-PC1M). 
Li — 10 henrys, 90 ma. (Triad C- 7X). 

—D.p.d.t. toggle. 
S7—S.p.s.t. toggle. 
Ti —Modulation transformer, tapped secondary, primary 

10,000 ohms plate to plate (Thordarson 21M68). 

without load. liSin is avross 11u. 

ransinitter key, Si also can be used as a phone-
c.‘‘. switch, hying 1(41 ill the " it"' position for 

e.w. operation. 
The terminals marked " I SwitIlt - should he 

shorl rirpuited ( indivaled by the dashu(I line) if 
Si is used : is a send-receive s itch. If a suite') 
1111 111 . is WWII 1.01' send-receive, 
these terminals may he used for turning the 
plate voltage in the modulator on and off through 

Fig. 9- 16—Below-chassis view of 

the modulator. The rectifier-tube 
socket ond electrolytic filter ca-
pacitors are at the right in this 
view. The 12AX7 socket is at the 
lower left. Bleeder resistor is at 
the upper left, near the 6-terminal 
connection strip cn the rear edge 
of the chassis. Placement of com-
ponents is not critical, but the leads 
in the first two stages should be 
kept short and close to the chassis 

to minimize hum troubles. 

MODULATOR 

001 

Rs 
o 

OUTPUT 

SI5 

R 5 

S7à67°° 
TE 

'4-18 sn 

450' V R5 K .25L 

1.2—Power transformer, 525 v.c.t., 90 ma.; 6.3 v., 5 amp.; 
5 v., 2 amp. (Triad R- 10A). 

R.2-1500 ohms, 1/2  watt. 
Ri— App. 200 ohms, 2 watts (two 390-ohm 1-watt re-

sistors in parallel). 

an extra pair of contacts on tile transmitter send-
receive switch. Ill that case Si should he left in 
the " send" position fi ir phone operation. 
nu. ,..ondary taps to use on 

depend on the impedance of the load to which 
the amplifier is connected. Methods for determin-
ing the modulating impedance ‘vitli varicus types 
of modulation :ire given in the seet ion oil 

moilulation, together with information on 
connecting the modulator to the if. st:tge. 
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25-Watt Modulator using Push-Pull 6BQ6GTs 

The speech amplifier-modulator shown in Figs. 
9-17 to 9-19, inclusive, can be used for plate 
modulation of low-power transmitters running 
25 to 50 watts input to the final stage. The eireuit 
as shown is capable of an audio out put of 25 waits, 
but this can be increased to 30 watts by a simple 
modification. The (IBIes in the output stage are 
operated in Class A131. Inexpensive reeeiver-type 
replacement compollirats are used throughout. 
except for the modu t ion transformer. 

Circuit 

The speech amplifier uses a pentode first stage 
resistance-coupled to a triode seeond stage. This 
combination gives sufficient gain for a crystal 
microphone. The pentode and triode are the two 
sections of a dual tube, the 6AN8. Transformer 
coupling is used between the triode and the 
modulator tubes, in order to get push-pull voltage 
for the 613Q6GT grids. Cathode bias is used on 
the final stage. 
The coupling capacitance between the first and 

second stages is purposely made small to reduce 
the low-frequency response, and the primary of 
t he output transformer is shunted by C2 to redtura 
the amplification at the high-frequency end. 
CI, on the first stage, also tends to reduce high-
frequency respimse in addition to bypassing 
any r. f. t hat might be picked up on the micro-
phone cord. These measures confine the frequency 
response to the most useful portion of the voice 
range. 

8 2 is the " send-receive" switch. One section 
opens the power transformer center tap, thus 
cutting off the plate voltage during receiving 
periods. The other section can be connected to 
the key terminals on the transmitter, as indicated 
in the circuit diagram, to turn the transmitter 
on and off along with the modulator. If the 
transmitter is one in which the oscillator is not 

keyed, S2n may be used to control the trans-
mitter plate voltage, usually by being connected 
in the 115-volt circuit. to the plate-supply trans-
former. 
The '' idiotie-c. w." switch, S3, short-circuits 

the secondary of the modulation transformer, 
T3, when t he transmitter is to be keyed, and also 
opens the cent er-tap of 7.1 so plate volt age cannot 
be applied to the modulator. 
The power supply uses a receiver replacement-

type transformer with a capacitor-input filter. 
Adlit ional filtering for t he speech-amplifier stages 
is provided by the 10-id. capacitors and the 
series resistors in the plate eirettits. Hum is also 
redured by the V11-150 used to regulate the 
modulator sereen voltage. Note that t he regulator 
tube is eonneeted bet WPVII t he sereens and 
cathodes so that the art it: screen voltage is ISO 
and is not reduced by the drop in the eathode 
bias resistor. Maintaining foil screen voltage is 
important if the rated output is to be secured. 

Operating 

The 6BQ6CT amplifier requires a plate-to-
plate load of -1(()0 ohms, and the output trans-
former ratio must be chosen to reflect this load 
to the plates (see later section on matching a 
modulator to its load). For most small trans-
mitters running 30 to 50 watts input to the final 
stage a 1-1 o-1 transformer rat io will be sat isfactory, 
since the modulating impedance of sueh trans-
mitters usually is in the neighborhood of -1000 
ohms. The seeondary of 7'3 is eonneeted in series 
with the lead to the plate (and screen, if a 
sereen-griil tube) of the Class C amplifier to be 
modulat ed. For further details, see the chapter 
on amplitude modulation. 

For checking the tnodulator operation a milli-
ammeter (0-200 range satisfactory) may be 
connected in the lead to the center-tap of the 

Fig. 9-17—A modulator for transmit-
ters operating at plate inputs up to 50 
watts. The speech amplifier and modu-
lator ore at the left in this view; power 
supply components are at the right. 

The chassis is 7 X 11 X 2 inches. 
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25-Watt Modulator 
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Fig. 9- 18—Circuit diagram of the 25-watt modulator. Capacitances below 0.001 µf. are in 
µµf. Capacitors up to 0.01 pi. are ceramic. Resistors are 1/2  watt unless otherwise specified. _ 

Li —8 henrys, 150 ma. Ti — Power transformer, 650 volts c.t., 150 ma. 5 volts 
Si — S.p.s.t. toggle. 3 amp.; 6.3 volts, 5 amp. 
S2—D.p.d.t. toggle. T2—Interstage audio, single plate to p.p. grids, pri, to 
S3- 2-pole 2- position rotary (Centralab PA-2003). total sec. ratio 1 to 3. 

T3—Modulation transformer, multimatch type (UTC S-19). 

primary of 73. Without voice input to the micro-
phone the plate current should be approximately 
51) nia. When modulating tlie transmitter, the 
current should " kick" to 60 or 70 ma.; this will 
usually represent 100 per pent modulation. lithe 
amplifier can he tested with :t single-tone signal 
replacing the microphone, the plate current will 
be ahout 165 ma. : it full output. 
The audio power output can be increased to 

Fig. 9-19—Under-charsis view of 
the 68Q6GT modulator. The two 
large capacitors at the right are the 
filter capacitors in the power sup-
ply. The modulator bias resistor and 
bypass capacitor (RiC3) are at 
lower left. Leads from the modula-
tion transformer go through the 
three holes in the chassis. Shielded 
wire is used for heater, microphone 

input, and gain- control leads. 

about :10 %vat ts, sufficient for modukt jug an 807 
at its full phone rating, if the ( iliceicyr eat lit Nips 
are griniiiiled and hias ( d. about 30 volts from a 
fixed source such as :t small battery is applied to 
the grids. Tit, battery May lie solisi ¡ toted for t lit 
eadioile resistor if the ground vorinee1 ion is 
moved front the center tap of the secondary of 
T2 to the cathodes of tile lili(26(lers. 

(Froto Q.ST, Deeember, 1055.) 
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Class AB. Modulator Using 807s 

The modulator unit shown in Figs. 9-20 to 
9-22, inclusive, uses a pair of 807s as Class ABI 
power amplifiers. Its audio power output depends 
on the plate voltage applied to the 807s; approxi-
mate values and optimum plate-to-plate load re-
sistances are as follows: 

Plate-to-Plate 
Plate Voltage Load Power Output 

400 6200 ohms 30 watts 
500 8000 ohms 40 watts 
600 9800 ohms 45 watts 
750 12,500 ohms 60 watts 

The power-output figures are conservative, and 
will vary somewhat with the losses in the output 
transformer. These in turn may vary with differ-
ent combinations of tap connections. The nom-
inal tube output (without transformer losses) is 
20 to 25 per cent higher than the figures given. 
The modulator is intended for use with an 

external plate and screen supply for the 807s, but 
itn•Indes a sereen regulator circuit. The unit has 
a built-in power supply for the speech amplifier 
section. Fixed bias for the 807s is taken from this 
supply. 

Speech Circuit 

The speech amplifier I/SeS a high-a dual triode 
as a two-stage resistance-coupled amplifier, 
followed by a medium-a triode. The latter is 
transformer-coupled to the modulator grids. The 
gain from the microphone input to the 807 grids 
is more than ample for crystal microphones 
and others of similar output level. 
The frequency response of the amplifier is ad-

justed to put maximum energy in the range 
where it contributes most to speech intelligibility: 
that is, the output is highest between 500 and 
1200 cycles and drops off gradually on either side. 
The lower frequencies are reduced by using low 

values of coupling capacitance between the re-
sistance-coupled stages, and the high-frequency 
end is attenuated by CI. Further high-frequency 
attenuation, partieularly for such components 
generated in the modulator itself, is provided by 
capiwitor C2, connected across the output termi-
nals of the modulation transformer. 

Power Supply 

The plate-supply requirements of the 12AX7 
and 6C4 in the speech amplifier are quite small 
and easily can be supplied by a small "TV boost-
er" type transformer, Ts. As shown in the dia-
gram, a half-wave selenium rectifier works into a 
capacitor-input filter from this transformer. Bias 
for the 807s is obtained from this supply by mak-
ing the output current flow through llo and l?: 
in series, these resistors being conneeted between 
the negative output terminal of the supply and 
ground so that a negative voltage is developed 
with respect to chassis. The bias is adjustable by 
varying R2. A single variable resistor having it 
total resistance of 10,000 ohms can be used in-
stead of the two 5000-ohm units in series; the 
adjustment becomes somewhat more critical 
with the larger resistor but the operation is 
otherwise the same. 

Heater power for the speech amplifier and 
modulator tubes is supplied by a separate fila-
ment transformer, 7'4. 

Plate power for the 807s is intended to be 
taken from an external source at a voltage level 
suitable for the output power desired. Screen vol-
tage for the 807s comes from the same source, but 
is regulated at 300 volts by means of two 0A2 
voltage-regulator tubes in series. Such regulation 
is essential for proper operation of the modulator 
tubes. The current through the 0A2s should be 
adjusted to 25 to 30 ma., with no signal on the 

Fig. 9-20—Speech amplifier and 
modulator using Class AB, 807s. De-
pending on plate voltage used, audio 
power outputs up to at least 60 watts 

may be obtained. 
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Fig. 9-21—Circuit diagram of the 807 modulator. Capacitances are In mf. unless otherwise specified; electrolytics are 
marked with polarity; others may be either ceramic or paper. Resistors are 1/2  watt except as indicated. 

6C4 12AX7 

Ci- 470-d. mica or ceramic. 
C2—App. 0.005 mf., 1600 volts (see discussion on modu-

lators earlier in this chapter). 
C3—Dual 40-µf. electrolytic, 250 volts. Must be type 

that can be insulated from chassis. 
CRI— Selenium rectifier, 20-ma, or higher rating, 130 

volts. 
JI— Chassis-type microphone connector (Amphenol 75-

PC1M). 
14-10 henrys, 50 ma. (Triad C- 3X). 
121-1-megohm control, audio taper. 
R2-5000 ohms, 2 watts. 

grids of the 807s, by setting the slider on the 
20,000-ohm adjustable resistor, R4. 
A pair of terminals is provided for connecting 

a dc. milliammeter (0-200 ma. range is suitable) 
in series with the 807 plates for measuring plate 
current. Such a meter is useful as a check on the 
operation of the modulator during initial testing, 
and as a modulation indicator during actual op-
eration. If a meter is not used the meter termi-
nals should be connected together through a 
jumper. 

Construction 

The modulator shown is built on a 7 X II X 2-
inch steel chassis, but other chassis sizes and lay-
outs may be used if the builder prefers. The prin-
cipal constructional precaution to be observed is 
to keep the modulation transformer, T», reason-
ably well separated from the low-level speech 
components so stray coupling between the wiring 
of these stages is minimized. The interstage trans-
former, should not be mounted too close to 
the power transformer, Ta, since there is a pos-

.002 

5000 

2W 

807 

DRIVER 

6C4 

5e WIRE WOUND 

MODULATOR 

807 

3 

2011 R4 

25W 
5 

T2 

A.F. 
OUT-
PUT 

.004 

1600V 

O 

 o 
METER 

R3-5000-ohm wire-wound control, 2 watts. 
R4- 20,000-ohm adjustable wire-wound, 25 watts. 

—S.p.s.t. toggle. 
Ti—Interstage audio transformer, single plate to push-

pull grids; 10-ma. primary; 3-to-1 turns ratio, 
total secondary to primary ( Merit A-2914). 

T2—Multimatch modulation transformer, 30-watt rating 
adequate for voice work (UTC CVM-1). 

T3—Power transformer, 125 volts at 15 ma.; 6.3 volts at 
0.6 amp. (Stancor PS8415). 

T4—Filament transformer, 6.3 volts at 3 amp. 

sibility of hum pickup in T4 if these two units are 
close together. 

It is necessary to cut a large hole — about 3 
inches in ( limn, 't pr — for mostnt ing the part it•ular 
type of modulat ion transformer used in the unit 
shown. The vonneetion terminals on this trans-
former are lugs on the bottom of the case, so the 
chassis opening must be large enough to permit 
making connections without danger of a short-
circuit to chassis. 

In wiring the speech-amplifier sect ion, the 
leads to grids atel plates should be kept short 
and separated as muels as possible from heater 
wiring. The heater leads should be run along a 
fold in the edge of the chassis except where they 
must be brought out to reach the tube sockets. 
In this unit shielded wire was used for the heater 
wiring, but this is not necessary as a hum-reduc-
ing precaution. The principal reason here was 
mechanical: the shielded wire stays its place bet-
ter and the shields can be '' tacked'' together 
with a spot of solder as a simple method of 
cabling. 
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In the top view, Fig. 9-20, the speech-amplifier 
section is along the right-hand edge of the 
chassis. The tube near the front is the 12AX7 
dual-triode amplifier. The 6C4 driver is just 
behind it, and the filament transformer, T4, is 
on the rear right-hand corner. The modulation 
transformer is in the left center alongside the 
807 modulator tubes. Along the left edge of the 
chassis are t w power transformer, T3, the dual 
filter capacitor, C3, and the two gas regulator 
tubes. The negative terminal of C3 must be in-
sulated from the chassis; the capacitor shown 
is a " twist-b'' type with a bakelite socket. 

In the below-chassis view, Fig. 9-22, the 
power-supply components are at the right. L1 is 
mounted on the right-hand wall of the chassis, 
with the selenium rectifier, CR1, just to its left. 
The dropping resistor for the VR-regulated 
screen circuit is near the upper right corner, 
close to the 0A2 sockets. The 115-volt socket 
and fuse are on the cha›,sis wall near the regula-
tor tubes. The speech-amplifier section is at the 
lower left in this view, with components laid in 
as convenient. The interstage au ho transformer, 

is mounted between the 807 sockets at the 
left. The control on the top wall is 113, for setting 
the grid bias on the 807s. Audio output, high 
voltage, and meter connections are made through 
the terminal strip ( Millen 37306) between the 
fuse and bias control. 

Operating Notes 

The speech amplifier section may be tested in-
dependently of the modulator, since it has its 
own power supply. Test ing may be done as de-
scribed later in the chapt et, preferably with an 
audio oscillator and oscilloscope to cheek wave 
form. 
The modulation transformer taps to be used 

will depend on the plate-to-plate load resistance 
required for the desired power output and on the 
modulating impedance of the r.f. amplifier. The 

Fig. 9- 22— Below- chassis view of the 
807 modulator. 

chart furnished with the transformer should be 
consulted for t his information. 

If the ( lass-( amplifier plate supply has the 
proper voltage and has sufficient excess Capacity 
to furnish an average current of 70 to 100 ma. 
in addition to its normal Clam C load, it may be 
used for this modulator as well. If not, a separate 
supply of conventional design (see chapter on 
power supply) may be used. It should have a 
choke-input filter and should have a minimum 
output capacitance of about 10 isf. for good dy-
namic regulation. 

Before attempting to test the modulator, re-
move the 807s from their sockets and adjust R4 
(shut off the voltage before making each a(ljust-
ment) for a current of 25 to 30 ma. through 
the VR tubes. The current may be measured by 
connecting a milliammeter of suitable range in 
series with the positive high-voltage lead between 
the external power supply and this unit, since 
with the 807s out of their sockets the only current 
is that through R4 and the VR tubes. 

After R4 is properly adjusted, replace the 807s 
and with 113 at maximum resistance (maximum 
bias) connect the plate milliammeter to the meter 
terminals. Then apply plate power and adjust 113 
for a plate current of 40 to 50 ma.; the value is not 
especially critical, but should not be too near 
cutoff and should not be so large as to cause the 
rated plate dissipation of the tubes to be ex-
ceeded. With the Class-C load connected the 
plate current should rise to approximately 140 
ma. at full output, using a sine-wave signal. With 
voiee input the current should kick to 65-75 ma. 
on peaks. These figures for plate current are the 
same regardless of the plate voltage used, so long 
as the screen is maintained at 300 volts. 

If c.w. as well as phone operation is to be 
employed, provision should be made either in the 
modulator or the r.f. unit for short-circuiting 
the secondary of the modulation transformer 
when the transmitter is being keyed. 
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6146 Modulator 

6146 Modulator and Speech Amplifier 

TH modulator shown in Figs. 9-23 to 9-25, 
inelusive, uses a pair of 6146s in A131, and is 
complete with power and bias supplies on a 
10 X 17 X 3-inch chassis. The modulator also is 
equippet1 with an audio take-off for scope 
monitoring. 
The audio power that can be obtained (based 

on measurements) is as follows: 
Nominal Platedo-Plate 

Plate Voltage Power Output Load Reedstanee 
WO volts 75 watts -1200 ohms 
600 volts 05 watts 5200 olons 
750 volts 120 watts 6700 ohms 

Suitalile sets of eomponents for all three of the 
voltages li,‘ted above are readily available, so the 
power can be selerted to suit the Class C 
amplifier to be modulated. The modulator shown 
in the photographs is set up for 750-volt opera-
tion, but aside from the power and modulation 
transformers :t11 components are the same re-
gardless of the voltage level. 

Audio Circuits 

As shown in the circuit diagram, Fig. 9-24, 
the audio system consists of a 12AX7 preampli-
fier with the two tube sections in cascade, fol-
lowed by a 6C4 voltage amplifier which is trans-
former-coupled to the grids of the Class A131 
modulator tubes. The combination provides am-
ple gain for a communicat huts-type crystal, ce-
ramic, or dynamic microphone. 
The first stage of the amplifier is " contact-

potential " biased, and is resistance-coupled to 
the second stage. The gaits ront is in the 
grid circuit of the second stage. Decoupling re-
sistors tint! i.iipacitors are included in the plate-
supply circuits of these two stages: these de-
coupling circuits also provide additiontil plate-
supply hum filtering for tut' t wo low-level stages. 
The sevondary of 7.1, the transformer coupling 

the bird speech stage to the modulator grids, is 
shunted by a 470-wif. capacitor to reduce high-

Fig. 9-23—Class-A81 modulator using 
6146s, complete with speech amplifier 
and power supply. The relay-rack 
panel is 101/2 -inches high. Plate- and 
filament-supply primary switches, each 
with its own pilot lamp, are near the 
lower edge of the panel. The gain 
control is at lower center. Along the 
front of the chassis, just behind the 
panel, are the plate power trans-
former, filter choke, and modulation 
transformer, going from left to right. 
The tubes at the left are the 816 rec-
tifiers, with the 6146s at the right. 
Along the rear edge are the two 
voltage-regulator tubes, the 12AX7 
and 6C4 speech amplifier tubes, and 
the interstage audio transformer, 

frequeney response. The optimum value of ea-
paeitanee will depend on the particular type of 
audio transformer selected, as well as on the high-
frequency chararteristies of the microphone em-
ployed. Different values should be tried with the 
object of cutting the high-frequency response as 
much as possible, consistent with intelligibility. 
The modulation transformer is of the multi-

mat eh type, and the taps should be selected to 
reflect the proiwr plate-to-plate load impedance, 
as given earlier, for the desired power output. 
The impedance ratio, statu ii to primary, will 
depend on the modulating impedattee of the moll-
Witted r.f, amplifier, as deseribed earlier in this 
chapter. The seeondary of the modulation trans-
former is shunted by Cs to reduce output at the 
higher audio frequencies, particularly for attenu-
ating high-frequency harmonics that might be 
generated in the modulator at high output levels. 
The value suggested (0.005 pf.) is an average 
figure and should be modified according to the 
modulating impedance of the Class-C stage as 
discussed earlier in this chapter. 

Power Supply 

Plate power for all tubes in the unit is supplied 
by a single power transformer. Mercury-vapor 
rectifiers are used because good voltage regula-
tion is desirable. The filter is a single section with 
choke input and a large (over 25 pf.) output ca-
pacitance. The filter capacitor consists of three 
80-d. 450-volt electrolytic capacitors in series for 
750-volt d.c. output. If the output voltage is 600 
or less only two capacitors in series will be 
needed. These capacitors are shunted by 0.1-
megohm resistors to help equalize the d.c. volt-
ages across them. 
The 200-volt (approximately) supply for the 

6146 screens and the plates of the speech-ampli-
fier tubes is taken from the main supply through 
a dropping resistor, and is regulated by two 0132 
voltage-regulator tubes in series. A 20-µf. ea-
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12AX7 
Ji .02 

MIC. 1.4; 
1  

< 

6146s 

6c4 

I2AX7 

ImEG. 
IW. 

PREAMD 

002 .002 
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2 40 50vz 

X2 

220K 

47K 

20 
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470K 
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Fig. 9- 24— Circuit diagram of the 6146 modulator and power supply. Capacitances are in Uf. unless indicated other-
wise; capacitors marked with polarity are electrolytic, others may be paper or ceramic as convenient. Resistances are 

in ohms; resistors are 1/2  watt except as indicated. 

Ci — Sec text 
CRI —Selenium rectifier, 20 ma. or higher rating, 130 

volts. 
li — 6.3-volt pilot lamp. 
I2— Neon lamp, NE- 51. 
—Microphone connector (Amphenol 75-PC1M). 
—  Phono jack. 

.1 ,, 11- 115-volt chassis-mounting plug (Amphenol 61-M1). 
Ki —Antenna changeover relay, 115- volt coil (Advance 

AH/2C/115VA; type AM also suitable). 
Li— Filter choke, 10 henrys, 300 ma. ( Triad C- 1 9A). 
Ri —0.5-megohm control, audio taper. 
R2 - 50,000-ohm wire-wound control, 4 watts. 
R,- 15,000-ohm adjustable, 50 watts. 
Si, S2—S.p.s.t. toggle. 
53 - 5.p.s.t., mounted on RI. 

AMP. 

BIAS SUP. 

CR, 

MODULATOR 

6146 

450v. 

—100V. 

PLATE SUP. 

L, 

ION 

53 80 
450v.I 

80 ÷ 

Y Y 

300 MA 

100K 

,OOK 
IW. 

100K 

oaz 

082 

AUDIO 

OUTPUT 

(1. N.Y.) 

1600V. 

I 
SCOPE 

 o + 
H.v.OuT 

100K 
I W 

pa e tOr j,‘ 11/1111141141 Z1I -11»,4 liii VI( IthUS tcl im-
prove the dynamie regulation in the rd Hi screen 
virvuit, sirup thy peak instantaneous screen Yur-
rent exyeeds thy regulating Yaparity cd0 ma.) of 
the tubes when the modulatoi: is driven to 
maximum 1111 1)111. 

Fixed bias for thy 1116 grids is tal:en from a 
built-in bias sumd\- using a TV -booster - trans-
former ‘‘ itli a selenium reetifier. This bias is 

4501  1‘n, 

Ti—Interstage audio, single plate to p.p. grids, 3- to- 1 
secondary- to- primary ratio ( Stancor A-63-C). 

T2—Multimatch modulation transformer, 125 watts (Triad 
M-1 2A1). 

T.— Filament transformer, 6.3 volts at 4 amp. (Triad 
F- 53X1. 

Ti — Power transformer, 117 volts at 20 ma.; 6.3- volt 
winding unused (Thordarson 26R321. 

T-,— Plate transformer. For 500 volts d.c.: 1235 volts c.t., 
310 ma. (Triad P- 7A) ; for 600 volts d.c.: 1455 
volts c.t., 310 ma. (Triad P- 1 1A). Transformer 
shown is for either 600 or 750 volts d.c. output 
at 310 ma.; sec. voltage 1780 c.t. for 750 
volts (Triad P-1 4A(. 

T,— Filament transformer, 5 volts at 3 amp., 2500- volt 
insulation (Stancor P-4088). 



Fig. 9-25—Below-chassis view of the 6146 modu•ator. The 816 sockets and filament transformer ( Tr.) are at the lower 
left. The chassis wall at the bottom has on it, left to right, the 115-volt a.c. plugs, fuse holders, bias control ( 122), micro-
phone input connector (.11), scope take-off connector (12) and a three-terminal strip (Millen 37303) for audio output and 
positive high voltage connections. The high-voltage filter capacitor bank is in the center, mounted on a plate of plastic 
insulation which is supported away from the chassis on small pillars. The 6.3-volt transformer ( T3) is to the right of the 
capacitors. The antenna changeover relay used for shorting the modulation-transformer secondary is on the right-hand 

chassis wall. 

tised for horizontal deflection of a c.r. tube to give 
the trapezoidal modulation pattern (see chapter 
On amplitude mo(lulation). Usually, it. will be 
necessary to use an external contnil I or adjusting 
the amplitude of the sweep voltage so obtained. 
If desired, a 1-megolim control can lie substituted 
for the fixed tesistor at. the bottom of the string, 
thus avoiding the necessity for an external 
cont rol. 
The normally closed contacts of an antenna-

t ype relay. Kb are used to short-eirettit, the see-
Millary of the modulation transformer when the 
transmitter is to lw used for e.w. work. The 
s‘dtelt, 83, that controls the relay is mounted 
(in the gain control, RI, so that when the gain is 
turned all the way off, thus opening the switch, 
the relay contacts ' lose. This insures that the 
modulator is inoperative and cannot lw driven 
by (e.ri(lental voice input (which would result 
iii excessive idate current) when the transformer 
sevoinlary is short-circuited. 

Separate : i.e. inputs are provided for the fila-
ment-Idas :eel plate power circuits. The plate 
supply ean thus be (5)111 rolled by an external 
switch without disturbing the operation of the 
filament circuits or requiring a modification of 
the 115-volt wiring. 
Terminals are provided for taking out high-

voltage d.c. for an external unit. The power-
supply equipment has more capacity than is 
needed by the modulator unit itself (the rating 
for amateur-type service is somewhat over 300 

ma.) and may in some eases lx( suffieient for op-
eration of the modulated uf. amplifier as well. At 
least 200 ma. should lie available for this purpose, 
since the average plate-supply eurrent in the 
modulator unit alone is less than 100 ma., in-
cluding the speech-amplifier and V11.-tube drain. 

Operating Data 

The dropping resistor in the sereen-supply cir-
cuit should be tuljusted so dust the current 
through 0132s is 30 ma. with the bias on the 
6146 grill-4 alliliSted so that the no-signal plate 
eurrent is approximately 50 ma. The eurrent 
through the VII tubes may be measured by tem-
porarily opening the lead to the upper 0132 at, 
pin 5 and inserting a millianuneter of apiiro-
'white range. 

If a sine-wave signal is used for testing the 
modulator, full output should be secured with 
a modulator plate current of approximately 240 
ma. This value will be the same for all date 
voltages, provided the screen voltage is main-
tained at approximately 200 volts and the values 
of plate-to-plate hia(1 resistance as specified 

earlier are used. With voice input the plate relit will will kick up to about 100 ma. on peaks, de-

pending on the characteristics of the speaker's 
voice and those of the microphone used. This 
peak valise should be determined under actual 
operating conditions with an oscilloscope, after 
which the plate milliammeter can be used as a 
modulation indicator. 
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Class B Modulator with Filter 

Representative Clas- 14 modulator construc-
tion is illustrated by the unit shown in Figs. 9-26 
ant 9-2S. This modulator includes a splatter 

Fig. 9-26—A typical Class B modulator arrangement. 
This unit uses a pair of 811As, capable of an audio power 
output of 340 watts, and includes a splatter filter. The 
modulation transformer is at the left and the splatter 
choke at the right. All high-voltage terminals are covered 

so they cannot be touched accidentally. 

filter, CA LI in the circuit diagram, Fig. 9-27, 
and also has provision for short-circuiting the 
modulation transformer secondary when c.w. is 
to be used. 
The audio input transformer is not built into 

this unit, it being assumed that th k: transformer 

L, 

115 v FROM 
115 V. CCNTROL UNIT 

Fig. 9-27—Circuit diagram of the Class B modulator. 
CI, C2, Li—See text. (Li is Chicago Transformer type 

SR- 300). 
Ki—D.p.d.t. relay, high-voltage insulation (Advance type 

400). 
M-0-500 d.c. milliammeter, bakelite case. 
Ti —Varia ble-ratio modulation transformer (Chicago 

Transformer type CMS- 1). 
72—Filament transformer, 6.3 v., 8 amp. 
li —6.3-volt pilot light. 
XI, X2—Chassis-type 115-volt plugs, male. 
X3—Chassis-type 115-volt receptacle, female. 

—S.p.s.t. toggle. 

will be included in the driver assembly as is cus-
tomary. If the modulator and speech amplifier-
driver are mounted in the same rack or cabinet, 
the length of leads from the driver to the modu-
lator grids presents no problem. The bias required 
by the modulator tubes at their higher plate-
voltage ratings should be fed through t he center 
tap on the secondary of the driver transformer. 
At a plate voltage of 1250 or less no bias is needed 
and thlepter-tap connectIon on the transformer 
can be emded. 
" The values of CI, C2 and L1 depend on the 
modulating impedance of the Class C r.f. ampli-
fier. They ran be determined from the formulas 
given in this chapter in the section on high-level 
clipping and filtering. The splatter filter will be 
effective regardless of whether the modulator 
operating rondit ions are chosen to give high-level 
clipping, lait it is worth while to design t he sys-
tem for clipping at 100 per vent modulation if 
the tube curves are available for that purpose. 
The voltage ratings for Ci and C2 should at least 
equal the fl.e. voltage applied to the modulated 
r.f. amplifier. 
A relay with high-voltage insulation is used 

to short-circuit the secondary of 7'1 when the 

Fig. 9-28—The relay and filament transformer are 
mounted below the chassis. Ci, C: and Kr are mounted on 

small stand-off insulators. 

relay coil is not energized. A normally closed 
contact is used for this purpose. The other arm 
is used to close the primary circuit of the modula-
tor plate supply when the relay is energized. 
Shorting the transformer secondary is necessary 
when the r.f. amplifier is keyed, to prevent an 
inductive discharge from the transformer winding 
that would put " tails" on the keyed characters 
and, with cathode keying of the amplifier, would 
cause excessive sparking at the key contacts. The 
control circuit should be arranged in such a way 
that tit is not energized during c.w. operation 
but is energized by the send-receive switch 
during phone operation. 

Careful attention should be paid to insulation 
since the instantaneous voltages in the secondary 
circuit of the transformer will be at least twice 
the (I.e. voltage oil the r.f. amplifier. If a " hi-fi" 
amplifier of 10 watts or more output is available, 
it can be .used- as the driver for the 811As by 
coupling as shown in Fig. 9-29. 
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81IA 

HI- fl 1611 8 

AMPLIFIER JUTPuT 4 

CO 

T1 3000 

— + 

BIAS OR SNOZR 

Fig. 9-29—A "hi-fi" audio amplifier will drive a Class-B 
modulator; a suitable coupling transformer is required. 
The connections shown here are for a pair of 811As. 
The amplifier should have an output rating of at least 

10 warts. 

T1- 10-watt line-to-voice-coil transformer (Stancor 
A-8104). 

Checking Amplifier Operation 

An adequate job of checking speech equipment 
can be done with equipment that is neither 
elalsorate nor rxisensive. A t ypiea I setup is shown 
in Fig. 9-30. The construct hat of a simple audio 
oseillat or is descrilsed in the chapter on measure-
ments. The audio-frequency voltmeter can be 
either a vacuum-tube voltmeter or a multirange 
volt -ohm-milliammeter that has a rectifier-type 
a.c. range. The headset is included for aural 
checking of the amplifier performance. 
An audio oscillator usually will have an out-

put control, but if the maximum output voltage 
is in excess of a volt or so the output setting may 
be rather critieal when a high-gain speech ampli-
fier is being tested. In such cases an attenuator 
such as is shown in Fig. 9-30 is a convenience. 

ATTENUATOR 

AUDIO 
OSC 

o  

SPEECH 
AMP 

o  

Fig. 9-30—Simple oscillator-attenuator text setup for 
checking a speech amplifier. It is not necessary that the 
frequency range of the audio oscillator be continuously 
variable; one or more "spot frequencies" will be satis-
factory. Suitable resistor values are: RI and R3, 10,000 

ohms; R2 and 124, 1000 ohms. 

Each of the two voltage dividers reduces the 
voltage by a factor of roughly 10 to 1, so that the 
over-all attenuation is about 100 to 1. The rela-
tively low value of resistance, Ri, eonneeted across 
the input terminals of the amplifier also will mini-
mize stray hum pickup on the connecting leads. 
The output of a power amplifier such as a 

modulator or driver for a Class B stage may be 
cheeked by using a resistance load of the rated 
value for the amplifier. A useful circuit arrange-
ment is shown in Fig. 9-31. The load resistance, 
RI, may be a single adjustable unit of appropri-
ate power rating or may be made up of several 
resistors in series or parallel to give the required 
resistance. If measurement of the resistance is 
necessary an ohmmeter will be sufficiently accu-
rate. In the case of a multimatch output trans-
former the taps should be those that will actually 
be used with the Class C amplifier with which 
the modulator is intended to work. R1 then should 
have a value equal to the modulating impedance 
of the r.f. amplifier. 

POWER AMPLIFIER 

Fig. 9-31—Circuit for measuring power and making 
qualitative checks of the amplifier output. Values to be 
used for R: and R2 are discussed in the text. The secondary 
winding of the output transformer in the amplifier should 
be disconnected from any d.c. source in the unit and one 
end connected to chassis as shown. An earth ground 

should be used on the system. 

If an audio oscillator generating a good sine 
wave is used as the signal source the output 
power of the amplifier may be measured by an 
audio-frequency voltmeter as indicated by V. 
Either a vacutun-tube voltmeter on its a.c. settle 
or a rectifier-type a.c. voltmeter will be satisfar-
tory, the prineipal requirements being relatively 
high impeda tire ( 1000 ohms per volt or more) and 
a reasonably accurate calibration. The power 
output will be equal to E2/Rs, where E is the 
r.m.s. value of the voltage across the resistor 
(a.e. instruments usually are calibrated in r.m.s. 
values). This assumes that the distortion gen-
erated in the amplifier is small; if distortions is 
high, the voltmeter reading will be inaccurate. 

If the amplifier is a driver for a Class B modu-
lator, the value of R1 should be calculated from 
R/N2, where N is the turns ratio, primary to total 
secondary, of the class B input transformer, and 
R is the rated plate-to-plate load for the driver 
tube or tubes. R1 should of course be connected 
across the total secondary in this case. 

For a qualitative check on distortion, provi-
sion is made in Fig. 9-31 for monitoring the out-
put of the amplifier. R.» should be a wire-wound 
potentiometer having a resistance of 10 or 20 
ohms. A headset may be connected to the 
" Monitor" terminals. Using the audio oscillator 
as a signal source, start with the gain control 
at minimum and then advance it slowly while 
listening carefully to the tone signal in il, head-
set. When it begins to sound like a musical octave 
instead of a single tone, or when higher harmon-
ically related tones can be heard along with tlse 
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desired one, distortion is starting to become ap-
preciable. This effect usually will be detectable, 
but not serious, at full output of the amplifier 
as indicated by the voltmeter reading. Keep the 
signal in the headset at a moderate level by ad-
justing 112 when necessary. If the amplifier passes 
the distortion test satisfactorily, reduce the 
audio input to zero and note whether any hum is 
audible in the headset. There should lx. none, if 
the tone level in the headset at full sine-wave 
output was no more than moderately high. 

After completing these checks with satisfactory 
results, substitute the microphone for the oscil-
lator input to the amplifier and have someone 
speak into it at a moderate level. The headset 
w ill serve to indicate the speech quality at vari-
ous output levels. A tape recorder, if available, 
is useful at this stage since it can be substituted 
for the headset and will provide a nseans for 
comparing the effect of changes and sub c•t welds 

o  

AUD[O 
OSC 

o  

in which itii occurring can be located by working 
from the last stage toward the front end of the 
amplifier, applying a signal to each grid in turn 
from the audio oscillator and adjusting the signal 
voltage for maximum output. In the case of 
push-pull stages, the signal may be applied to the 
primary of the interstage transformer — after 
disconnecting it from t he plate-voltage source and 
the amplifier tube. Assuming that normal design 
principles have been followed and that all stages 
are theoretically working within their capabili-
ties, the probable causes of distortion are wiring 
errors (such as accidental short-circuit of a cath-
ode resistor), defective components, or use of 
wrong values of resistance in cathode and plate 
circuits. 

Using the Oscilloscope 

Speech-amplifier cheeking is facilitated con-
siderably if an oscilloscope of the typc having 

ATTEN11-
ATOR 

 o 
SPEECH 
AMP 

 o 

Fig. 9-32—Test setup using the oscilloscope to check for distortion. These connections will result in the type of pattern 
shown in Fig. 9-33, the horizontal sweep being provided by the audio input signal. For wave-form patterns, omit the 
connection between the audio oscillator and the horizontal amplifier in the scope, and use the horizontal linear sweep. 

in the amplifier as well as giving a better over-all 
cheek on speech quality than the average head-
set. The effect of measures taken to attenuate 
high- or low-frequency response in the amplifier 
is readily observed by comparing reeordings made 
before and after changes. The output quality of 
the amplifier also can be compared with the origi-
nal output of the microphone as registered on 
the recorder. In using a recorder care must be 
taken to set 112 so that the first stage in the re-
corder amplifier is not overloaded. Use the nor-
mal gaits setting of the reeorder and adjust 112 to 
give normal level indications. 

Amplifier Troubles 

If the hum level is too high, the amplifier stage 
that is causing the trouble ran be located by 
temporarily short-eircuiting t he grid of each tube 
to ground, starting with the output amplifier. 
When shorting a part icular grid makes a marked 
decrease in hum, the hum presumably is coming 
from a preceding stage, although it is possible 
that it is getting its start in that pail icular grid 
circuit. If shorting a grid does not decrease the 
hum, the hum is originating either in the plate 
circuit of that tube or the grid circuit of the next. 
Aside from wiring errors, a defective tube, or 
inadequate plate-supply filtering, objectionable 
hum usually originates in t lip first stage of the 
amplifier. 

If distortion occurs below the point at which 
the expected power output is secured the stage 

amplifiers and a linear sweep circuit is available. 
A typical setup for using the oscilloscope is shown 
in Fig. 9-32. With the connections shown, the 
sweep circuit is not required but horizontal and 
vertical amplifiers are necessary. Audio voltage 
from the oscillator is fed directly to one oscillo-
scope amplifier (horizontal in this easel and the 
output of the speech amplifier is contx4-ted to the 
other. The scope amplifier gains should be ad-
justed so that cads signal gives the same line 
length with the other signal shut off. 

Under these conditions, when the input and 
output signals are applied simultaneously they 
are compared directly. If the speech amplifier is 
distortion-free and introduces no phase shift, the 
resulting patterns is simply a straight line, as 
shown at the upper lift in Fig. ! t-33, making an 
angle of about -15 degret-s wit It t lie horizontal and 
vertical axes. If there is rai distortion but there 
is phase shift, the pis tern will be a smooth 
ellipse, as shown at the upper right. The greater 
the phase shift the greater the tendency of the 
ellipse to grow into a circle. When there is even-
harmonic distortion in the amplifier one end of 
the line or ellipse becomes curved, a shown its 
the second row its Fig. 9-33. With odd-harmonic 
distortions such as is eharacteristic of overdriven 
push-pull stages, the line or ellipse is eurved at 
both ends. 
patterns such as ila•se will be obtained when 

the input signal is a fairly good sine wave. They 
will tend to become complicated if the input 
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wave form is complex and the speech ampliticr 
introduces appreciable phase shifts. It is there-
fore advisable to test for distortion with an input 
signal that is as nearly as possible a sine wave. 
Also, it is best to use a frequency in the 500 - 1000 
cycle range, since improper phase shift in the 
amplifier is usually least in this region. Phase 
shift in itself is not of great impot•tance in an 
audio amplifier of ordinary design because it does 
not change the eharacter of speed' so far as the 
ear is concerned. llow:•ver, if a complex signal is 
used for testing, phase shift may make it dillieult 
to detect distortion in the oscilloscope pattern. 

Since the oscilloscope amplifiers thetos.•Ives 
may introduce phase shift and possibly ( list o..t itt 
as well, it is advisable to check the scope before 
attempting to make checks on the speech ami di-
fier. Apply the signal from the audio oscillator 
simultaneously to the horizontal and vertical am-
plifier input terminals. If both amplifiers have t.he 
same phase elutrielpristies awl negligilile distor-
tion the pattern. after suitable adjustment of the 
gains, will Is- a straight line as shown at the 
upper left in Fig. 9-33. If distortion is visible, 
note whether it changes when the s:•ope gain con-
trols are reduced: if not, the signal voltage from 
the audio oscillator is too great and should be re-
duced to the point where t he input amplifiers air 
not overloaded. After finding the proper settings 
for signal input and scope gains, leave the latter 
alone in making ( lurks on the speech equipment 
and adjust the input to the seope by means of 

tunl the output of the audio oscillator. Phase 
shift in the seope itself is not serious since the 
presenre of distortion in the speeeh amplifier can 
be detected by the patterns shown at the right 
in Fig. 9-33. 

In amplifiers having neg..tive feedbaek, ex-
cessive phase shift wit it iii the feed-back loop may 
cause self-os:•illation. since the signal fed back 
may arrive at the grid in phase with the applied 
signal voltage instead of out of phast• with it. 
Such a phase shift is most likely to be a ssoria toil 
with the output transformer. Oscillation usually 
occurs at some frequency above 10,000 i•yeles, 
although occasionally it will occur at a very low 
frequency. If the pass band in the stage in which 
the phase shift occurs is deliberately restricted to 
the optimum voice range, as described earlier, the 
gain at both very high and very low frequencies 
will be so low that self-oseillation is unlikely, 
even with large amounts cf feedback. 

Generally speaking, Pi is easier to detect small 
amounts of distortion with the type of pattern 
shown in Fig. 9-33 than it is with the wave-form 
pattern obtained by feeding the output signal to 
the vertical plates and making use of the linear 
sweep in the scope. However, the wave-foi m pat-
tern can be used satisfactorily if the signal from 
the audio oscillator is a reasonably good sine 
wave. One simple method is to examine the out-
put of the oscillator alone and trace the pattern 
on a sheet of transparent paper. The pattern 
given by the output of the amplifier can then be 
_ • 

NO PHASE-SHIFT 

NO 
AMPLITUDE 
DISTORTION 

EVEN-
HARMONIC 
DISTORTION 

ODD-
HARMONIC 

DISTORTION 

SMALL PHASE-SHIFT 

Fig. 9-33—Typical patterns obtained with the cannec-
tions shown in Fig. 9-32. Depending on the number cf 
stages in the amplifier, the pattern may slope upward 
to the right, as shown, or upward to the left. Also, de-
pending on where the distortion originates, the curvature 
in the second row may appear either at the top or 

bottom of the line or ellipse, 

compared with the " standatal" pattern by ad-
justing ti t' oscilloseope g tins to make the two 
patterns i•oint•ide as elosely as possible. The pat-
tern disci-epatu•ies are a measure of the distortion. 

In using the oseilloseolie care must be taken to 
avoid introducing hum voltages that will upset 
the measurements. Hum piekup on t he seope 
leads or other e.xposef I parts such as the :Inn difier 
load resistor or the voltmeter can be di•tected by 
shutting off the audio itsrillator and spia•ch an;-
Oilier and connecting first one an i then the other 
to the vertical plates of the s-ope, setting the 
internal horizontal sweep to an appropriate 
width. The trace should be a straight horizontal 
line when the vertival gain control is set at the 
position used in the :ulna! meastu•ements. %Vavi-
mess itt the line indiratt•s hum. If the hum is not 
in the scope itst•If ( check by disconne:•ting the 
leads at the instrument) make sure that there is 
a good ground connection on all the equipment 
and, if necessary, shield the hot leads. 
The oscilloscope can be used to good advantage 

in stage-by-stage testing to cheek wave forms at 
the grid and plate of each stage and thus to de-
termine rapidly where a source of trouble may be 
heated. When the scope is eonneeted to circuits 
that are not at ground potential for ( I.e., a ca-
pacitor of al tout 0.1 af, should be eonneeted in 
series with the hot oscilloscope lead. The probe 
lead should be shielded to prevent hum pickup. 
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CHAPTER 10 

Amplitude Modulation 
As described in the chapter on circuit funda-

mentals, the process of modulation sets up 
groups of frequencies called sidebands, which 
appear symmetrically above and below the 
frequency of the unmodulated signal or carrier. 
If the instantaneous values of the amplitudes of 
all these separate frequencies are added together, 
the result is called the modulation envelope. 
In amplitude modulation (a.m.) the modulation 
envelope follows the amplitude variations of the 
audio-frequency signal that is being used to 
modulate the wave. 

For example, modulation by a 1000-cycle tone 
will result in a modulation envelope that varies in 
amplitude at a 1000-cycle rate. The actual r. f. signal 
that produces such an envelope consists of three 
frequencies — the carrier, a side frequency 1000 
eV di's higher, and a side frequency 1000 
e.yeles lower than the carrier. These three fre-
quenvies easily can be separated by a receiver 
having high selectivity. In order to reproduce 
the original modulation the receiver must have 
enough bandwidth to accept the carrier and the 
sidebands simultaneously. This is because an 
a.m. detector responds to the modulation en-
velope rather than to the individual signal 
components, and the envelope will be distorted 
in the receiver unless all the frequency conwo-
mints in the signal go through without change 
in their relative amplitudes. 

In the simple case of tone modulation the two 
side frequencies anti the earrier are constant in 
amplitude — it is only the envelope amplitude 
that varies at the modulation rate. With more 
complex modulation such as voice or music the 
amplitudes and frequencies of the side fre-
quencies vary from instant to instant. The 
amplitude of the modulation envelope varies 
from instant to instant in the same way as the 
complex audio-frequelley signal caushig the 
modulation. Nevertheless, even in this case the 
carrier amplitude is constant if the transmitter 
is properly modulated. 

A.M. Sidebands and Channel Width 

Speech can be electrically reproduced, with 
high intelligibility, in a band of frequencies lying 
between approximately 100 and 3000 cycles. 
When these frequencies are combined with a 
radio-fn.iiiietiry carrier, the sidebands occtipy 
the frequency spectrum from about :3000 cycles 
below the carrier frequency to 3000 cycles above — 
a total band or channel of about 6 kilocycles. 

Actual speech frequencies extend up to 10,000 
cycles or more, so it is possible to occupy a 20-kc. 
channel if no provision is made for reducing its 
width. For communication purposes such a 
channel width represents a waste of valuable 
spectrum space, since a 6-kc. channel is fully 
adequate for intelligibility. Occupying more than 

the minimum channel creates unneressary inter-
ference. Thus speech equipment design and 
transmitter adjustment and operation should be 
pointed toward maintaining the channel width 
at the minimum. 

e THE MODULATION ENVELOPE 
In Fig. 10-1, the drawing at A shows the un-

modulated r.f. signal, assumed to be a sine wave 
of the desired radio frequency. The graph can be 
taken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
the audio frequency shown in the small drawing 
above. This frequency is much lower than the 
carrier frequency, a necessary condition for good 
modulation. When the modulating voltage is 
"positive" (above its axis) the envelope ampli-
tude is increased above its unmodulated ampli-
tude; when the modulating voltage is "negative" 
the envelope amplitude is decreased. Thus the 
envelope grows larger and smaller with the polar-
ity and amplitude of the modulating voltage. 
The drawings at C shows what happens with 

stronger modulation. The envelope amplitude is 
doubled at the instant the modulating voltage 
reaches its positive peak. On the negative peak 
of the modulating voltage the envelope amplitude 
just reaches zero; in other words, the signal is 
completely modidated. 

Percentage of Modulation 

When a modulated signal is detted in a re-
ceiver, the detector output follows the modula-
tion envelope. The stronger the modulation, 
therefore, the greater is the useful receiver out-
put. Obviously, it is desirable to make the 
modulation as strong or "heavy" as vissible. 
A wave modulated as in Fig. 10-le would pro-
duce considerably more useful audio output than 
the one shown at B. 
The " depth" of the modulation is expressed 

as a percentage of the unmodulated carrier am-
plitude. In either B or (', Fig. 10-1, X represents 
the unmodulated carrier amplitude, Y is the 
maximum envelope amplitude on t he modulation 
up-peak, and Z is the minimum envelope ampli-
tude on the modulation downpeak. 

In a properly operating modulation system 
the modulation envelope is an accurate repro-
duction of the modulating wave, as can be seen 
in Fig. 10-1 at B and C by comparing one side 
of the outline with the shape of the modulating 
wave. (The lower outline duplicates the upper, 
but simply appears upside down in the drawing.) 
The percentage of modulation is 

Y - X 
%Mod. - X 100 (upward modulation), or 

X 

X Z 
%Mod. - - X 100 (downward modulation) 
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The Modulation Envelope 

(A)   
1 

WakesIzape of 
Voltage 

Smeresdaleaf 
Voltage 

Fig. 10-1—Graphical representation of (A) r.f. output 
unmodulated, ( 11) modulated 50%, (C) modulated 100%. 
The modulation envelope is shown by the thin outline 

on the modulated wave. 

If the wave shape of the modulation is such that 
its peak positive and negative amplitudes are 
equal, then the modulation percentage will be 
the same both up and down. If the two percen-
tages differ, the larger of the two is customarily 
specified. 

Power in Modulated Wave 

The amplitude values shown in Fig. 10-1 cor-
respond to current or voltage, so the drawings 
may be taken to represent instantaneous values 
of either. The power in the wave varies as the 
square of either the current or voltage, so at the 
peak of the modulation up-swing the instantane-
ous power in the envelope of Fig. 10-1C is four 
times the unmodulated carrier power (because 
the current and voltage both are doubled). At 
the peak of the down-swing the power is zero, 
since the amplitude is zero. These statements are 
true of 100 per cent modulation no matter what 
the wave form of the modulation. The instan-
taneous envelope power its the modulated signal 
is proportional to the square of its envelope am-
plitude at. every instant. This fact is highly im-
portant in the operation of every method of 
amplitude modulation. 

It is convenient, and customary, to describe 
the operation of modulation systems in terms of 
sine-wave modulation. Although this wave shape 
is seldom actually used in practice ( voice wave 
shapes depart very considerably from the sine 
form) it lends itself to simple calculations and 
its use as a standard permits comparison between 
systems on a common basis. With sine-wave 
modulation the average power in the modulated 
signal over any number of full cycles of the 
modulation frequency is found to be 1M times 
the power its the unmodulated carrier. In other 
words, the power output increases 50 per cent 
with 100 per cent modulation by a sine wave. 

Tisis relationship is very useful in the design . sf 
modulation systems and modulators, I )erause any 
such system that is capable of increasing the 
average power output by 50 per cent with sine-
wave modulation automatically fulfills the re-
quirement that the instantaneous power at the 
modulation up-peak be four times the carrier 
power. Consequently, systems in whirls the addi-
tional power is supplied from outside the modu-
lated r.f. stage (e.g., plate modulation) usually 
are designed on a sine-wave basis as a matter of 
convenience. Modulation systems in whirls the 
additional power is secured from the modulated 
r.f. amplifier (e.g., grid modulation) usually are 
more conveniently designed ois the basis of peak 
envelope power rather than average power. 
The extra power that is contained in a modu-

lated signal goes entirely into the sidebands, IsaIf 
its the upper Si( eband and half its the lower. As a 
numerical example, full modulation of a 100-
watt carrier by a sine wave will add 50 watts of 
si(lei)and power, 25 in the lower and 25 its the 
upper sideband. Supplying this additional power 
for the sidebands is the object of all of the various 
systems devised for amplitude modulation. 
No such simple relationship exists with com-

plex wave forms. Complex wave forms such as 
speeds do isot, as a rule, contain as much average 
power as a sine wave. Ordinary speech wave 
forms have about half as much average power as 
a sine wave, for the same peak amplitude in 
both wave forms. Thus for the same modulation 
percentage, the sideband power with ordinary 
speech will average only about half the power 
with sine-wave modulation, since it is the peak 
envelope amplitude, not the average power, that 
determines the percentage of modulation. 

Unsymmetrical Modulation 

In an ordinary electric circuit it is possible to 
increase the amplitude of current flow indefi-
nitely, up to the limit of tlse power-handling 
capalsility of the components, but it cannot very 
well be decreased to less than zero. The same 
thing is true of the amplitude of an r.f. signal; it 
can be modulated upward to any desired extent, 
but it cannot be modulated downward more than 
100 per cent. 
When the modulating wave form is unsymmet-

rical it is possible for the upward and down-
ward nimlulation percentages to be different. A 
simple ease is shown its Fig. 10-2. The positive 
prak of the modulating signal is about 3 times 
the amplitude of the negative peak. If, as shown 
ill the drawing, the modulat ing amplitude is ad-
justed so that the peak downward modulation 
is just 100 per cent (Z 0) the peak upward 
modulation is 300 per cent (Y = 4X). The car-
rier amplitude is represented by X, as in Fig. 
10-1. The modulation envelope reproduces the 
wave form of the modulating signal accurately, 
hence there is no distortion. Its such a modulated 
signal the increase in power output with modu-
lation is considerably greater than it is whets the 
modulation is symmetrical and therefore has to 
be limited to 100 per cent both up and down. 
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10 - AMPLITUDE MODULATION 

evefore 
A'..,::./atine Velar 

Fig. 10-2—Modulation by an ursymmetrical wave form. 
This drawing slows 100% downward modulation along 
with 300% upward modulation. There is no distortion, 
since the modulation envelope is an accurate reproduction 

of the wave form of the modulating voltage. 

In Fig. 10-2 the peak envelope amplitude, Y, is 
four times the carrier amplitude, X, so the peak-
envelope power is 16 times the carrier power. 
When the upward modulation is more than 100 
per cent the power capacity of the modulating 
system obviously must be increased sufficiently 
to take cane of the much larger peak amplitudes. 

Overmodulation 

If the amplitude of the modulation on the 
downward swing becomes too great, there will 
be a period of time during which the r.f. output 
is entirely cut off. This is shown in Fig. 10-3. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulati, on envelope, consequently the modula-
(till is distorted. Operation of this type is called 
overmodulation. The distortion of the modula-
tion envelope causes new frequencies ( harmonies 
of the modulating frequency) to be generated. 
These combine with the carrier to form new 
side frequencies that widen t he channel occupied 
by the modulated signal. These spurious fre-
quencies are rommonly called "splatter." 

It is important to realize that the channel 

1\i 

Waveshape of 
.‘"friaaidating Voltage 

Fig. 10-3—An overmodulated signal. The modulation 
envelope is not an accurate reproduction of the wave 
form of the modulating voltage. This or any type of 
distortion occurring during the modulation process gen-

erates spurious sidebands or "splatter." 

occupied by an amplitude-modulated signal is 
dependent on the shape of the modulation en-
velope. If this wave shape is complex and can be 
resolved into a wide band of audio frequencies, 
then the channel occupied will be correspond-
ingly large. An overmodulated signal splatters 
and occupies a miteh wider channel than is neces-
sary I wcatise the "clipping" of the modulating 
wave that occurs at the zero axis (lunges the 
envelotat wave shape to one that eontains high-
order harmonies of the original modulating lie-
queney. These harmonics appear as side frequen-
cies saistrated by, in some eases, many kiloeyeles 
from the carrier fntquency. 

Because of this clipping aetion at t he zero 
axis, it is important that cant be taken to i)re-
vent applying too large a rumba:ding signal in 
the downward direction. Overmodulation down-
ward results in more splatter than is mused by 
most other types of distortion in a phone trans-
mitter. 

• GENERAL REQUIREMENTS 
For proper operation of an a mph ti 

transmitter there are a few general require-
ments that must be met no matter what par-
ticular method of modulation may be used. 
Failure to meet these requirements is accom-
panied by distortion of the modulation envelope. 
This in turn increases the channel width as 
compared w il is that required by the legitimate 
frequencies contained in the original modulating 
wave. 

Frequency Stability 

For satisfactory amplitude modulation, the 
carrier frequency must be entirely unaffected by 
modulation. If the application of modulation 
causes a change in the carrier frequency, the fre-
quency will wobble back anti forth with the mod-
ulation. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is caused to other transmissions. 

In practice, this undesirable frequency modu-
lation is prevented by applying the modulation 
to an r.f. amplifier stage that is isolated from 
the frequency-controlling oscillator by a buffer 
amplifier. .Amplitude modulation applied di-
rectly to an oscillanr always is accompanied by 
frequency modulation. Under exist ing FCC regu-
lations amplitude modulation of an oscillator is 
permitted only on frequencies above 144 Me. 
Below that frequency the regulations require 
that an amplitude-modulated transmitter be 
completely free from frequency modulation. 

Linearity 

At least up to the limit of 100 per cent upward 
modulation, the amplitude of the r.f. output 
should be directly proportional to the amplitude 
of the modulating wave. Fig. 10-4 is a graph of 
an ideal modulation characteristic, or curve 
showing the relationship between r.f. output 
amplitude and instantaneous modulation am-
plitude. The modulation swings the r.f. ampli-
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Methods 

_100.1110011LATION UP-PEAN A 
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CARRIER AMPLITUDE 

; 

•••--
MODULATING SIGNAL 

Fig. 10-4—The modulation characteristic shows the rela-

tionship between the instantaneous envelope amplitude 
of the r.f. output current (or voltage) and the instan-
taneous amplitude of the modulating voltage. The ideal 

characteristic is a straight line, as shown by curve A. 

tude back and forth along the curve A, as the 
modulating voltage alternately swings positive 
and negative. Assuming that the negative peak 
of the modulating wave is just sufficient to re-
duce the r.f. output to zero (modulating voltage 
equal to —1 in the drawing), the same modulat-
ing voltage peak in the positive direction (+ 1) 
should cause the r.f. amplitude to reach twice 
its unmodulated value. The ideal is a straight 
line, as shown by curve A. Such a modulation 
characteristic is perfectly linear. 
A nonlinear characteristic is shown by curve 

B. The r.f. amplitude does not reach twice the 
unmodulated carrier amplitude when the mod-
ulating voltage reaches its positive peak. A mod-
ulation characteristic of this type gives a modu-
lation envelope that is "flattened" on the up-
peak; in other words, the modulation envelope 
is not an exact reproduction of the modulating 
wave. It is therefore distorted and harmonics 
are generated, causing the transmitted signal to 

occupy a wider channel than is necessary. A 
nonlinear modulation characteristic can easily 
result when a transmitter is not properly de-
signed or is misadjusted. 
The modulation capability of the transmitter 

is the maximum percentage of modulation that 
is possible without objectionable distortion from 
nonlinearity. The maximum capability can never 
exceed 100 per cent on the down-peak, but it is 
possible for it to be higher on the up-peak. The 
modulation capability should be as close to 
100 per cent as possible, so that the most effec-
tive signal can be transmitted. 

Plate Power Supply 

The d.c. power supply for the plate or plates 
of the modulated amplifier should be well fil-
tered; if it is not, plate-supply ripple will modu-
late the carrier and cause annoying hum. The 
ripple voltage should not be more than about 1 
per cent of the d.c. output voltage. 

In amplitude modulation the plate current of 
the modulated r.f. amplifier varies at an audio-
frequency rate; in other words, an alternating 
current is superimposed on the d.c. plate cur-
rent. The output filter capacitor in the plate 
supply must have low reactance, at the lowest 
audio frequency in the modulation, if the trans-
mitter is to modulate equally well at all audio 
frequencies. 'I'he capacitance required depends 
on the ratio of d.c. plate current to plate voltage 
in the modulated amplifier. The requirements 
will be met satisfactorily if the capacitance of the 
output capacitor is at least equal to 

C = 25 — 
E 

where C -= Capacitance of output capacitor in 
f. 

I D.c. plate current of modulated 
amplifier in milliamperes 

E = Plate voltage of modulated ampli-
fier 

Example: A modulated amplifier operates at 1250 volts 
and 275 ma. The capacitance of the output capacitor in 
the plate-supply filter should he at least 

/ 275 
C = 25 — 25 X — = 25 X 0.22 = 5.5 pf. 

E 1250 

Amplitude Modulation Methods 

e MODULATION SYSTEMS 
As exp:ained in the preceding section, ampli-

tude modulation of a carrier is accompanied by 
an increase in power output, the additional power 
being the " useful" or " talk power" in the side-
bands. This additional power may be supplied 
from an external source in the form of audio-
frequency power. It is then added to the un-
modulated power input to the amplifier to be 
modulated, after which the combined power is 
converted to r.f. This is the method used in 
plate modulation. It has the advantage that the 
r.f. power is generated at the high efficiency 

characteristic of Class C amplifiers — of the order 
of 65 to 75 per cent — but has the accompanying 
disadvantage that generating the audio-frequency 
power is rather expensive. 
An alternative that does not require relatively 

large amounts of audio-frequency power makes 
use of the fact that the power output of an 
amplifier can be controlled by varying the poten-
tial of a tube element — such as a control grid 
or a screen grid — that does not, in itself, con-
sume appreciable power. In this case the addi-
tional power during modulation is secured by 
sacrificing carrier power; in other words, a tube 
is capable of delivering only so much total power 
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Fig. 10-5—Plate modulation of a Class C r.f. amplifier. 
The r.f. plate bypass capacitor, C, in the amplifier 
stage should have reasonably high reactance at audio 
frequencies. A value of the order of 0.001 µf. to 0.005 µf. 
is satisfactory in practically all cases. (See chapter on 

modulators.) 

within its ratings, and if more must be delivered 
at full modulation, then less is available for the 
unmodulated carrier. Systems of this type must 
of necessit y work at rat her low eniellry at the 
unmodulated carrier level. As a practical working 
rule, the efficiency of the modulated r.f. amplifier 
is of the order of 30 to 35 per cent, and the un-
modulated carrier power output obtainable with 
such a system is only about one-fourth to One-
third that obtainable from the same amplifier 
with plate modulation. 

It is well to appreciate that no simple modula-
tion scheme that purports to get around this 
limitation of grid modulat ion ever has actually 
done so. Methods have been devised that, have 
resulted in modulatiim at high over-all efficiency, 
without requiring audio power, by obtaining the 
necessary additional power from an auxiliary 
r.f. amplifier. This leads to circuit and operating 
complexities that make the systems unsuitable 
for amateur work, where rapid frequeney change 
and simplicity of operation are almost always 
essent lat. 
The methods discussed in this section are the 

basie ones. Variants that from time to time attain 
passing poptdarity can readily be appraised on 
t he basis of the preceding paragraphs. A snuffle 
grid inodulation system that claims high effi-
ciency should be looked upon with suspicion, 
since it is almost certain that the high efficiency, 
if actually achieved, is obtained by sacrificing 
the linear relit III 111ship het wt-cil modulating signal 
and modulat ion envelope t hat is the first es,•ela ial 
of a good nmdttlat ion method. 

• PLATE MODULATION 
Fig. 10-5 shows the most widely used system 

of plate modulation, in this ease with a triode r.f. 
tube. A balanced ( push-pull Class A, Class AB 
or Class B) modulator is transformer-coupled to 
the plate circuit of the modulated r.f. amplifier. 
The audio-frequency power generated by the 
modulator is combined with the d.c. power in the 
modulated-amplifier plate circuit by transfer 
through the coupling transformer, T. For 100 
per cent modulation the audio-frequency power 
output of the modulator and the turns ratio of 
the coupling transformer must be such that the 
voltage at the plate of the modulated amplifier 
varies between zero and twice the d.e. operating 
plate voltage, thus causing corresponding varia-
tions in the amplitude of the r.f. output. 

Audio Power 

As stated earlier, the average power output 
of the modulated stage must increase during 
modulation. The modulator must be capable of 
supplying to the modulated r.f. stage sine-wave 
audio power equal to 50 per cent of the d.c. plate 
input. For example, if the d.c. plate power input 
to the r.f, stage is 100 watts, the sine-wave audio 
power output of the modulator must be 50 watts. 

Modulating Impedance; Linearity 

The modulating impedance, or load resistance 
presented to the modulator by the modulated 
r.f. amplifier, is equal to 

Z. = —/„ X 1000 ohms 

where Eh = D.c. plate voltage 
= D.c. plate current (ma.) 

Et, and I, are measured without modulation. 
The power output of the r.f. amplifier must 

vary as the square of the instantaneous plate 
voltage ( the r.f. output voltage must be propor-
tional to the plate voltage) for the modulation to 
be linear. This will be the case when the ampli-
fier operates under Class C' conditions. The 
linearity depends upon having sufficient grid 
excitation and proper bias, and upon the adjust-
ment of circuit constants to the proper values. 

Adjustment of Plate-Modulated Amplifiers 

The general operating conditions for Class C 
operation are described in the chapter on trans-
mitters. The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manufac-
turer; in general, the bias should be such as to 
give an operating angle of about 120 degrees at 
the d.c. plate voltage used, and the grid excita-
tion should be great enough so that the ampli-
fier's plate efficiency will stay constant when the 
plate voltage is varied over the range from zero 
to twice the unmodulated value. For best linear-
ity, the grid bias should be obtained from a fixed-
bias source of about the cut-off value, supple-
mented by enough grid-leak bias to bring the 
total up to the required operating bias. 
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Fig. 10-6—Plate and screen modulation of a Class C 
r.f. amplifier using a screen-grid tube. The plate r.f. 
bypass capacitor, CI, should have reasonably high 
reactance at all audio frequencies; a value of 0.001 to 
0.005 µf. is generally satisfactory. The screen bypass, 
C2, should not exceed 0.002 µf. in the usual case. 
When the modulated amplifier is a beam tetrode the 

suppressor connection shown in this diagram may be 
ignored. If a base terminal is provided on the tube for 
the beam-forming plates, it should be connected as 

recommended by the tube manufacturer. 

The maximum permissible d.c. plate power 
input for 100 per cent modulation is t wire the 
sine-wave audio-frequency power output avail-
aide from the modulator. This input is obt;Iined 
by varying the loading on the amplifier (keeping 
its tank circuit tuned to resonance) until the 
product of d.c. plate voltage and plate current is 
the desired power. The modulating impn4lance 
under these conditions must be transformed to 
the proper value for the modulator by using the 
correct output-transformer turns ratio. This 
point is considered in detail in the chapter on 
modulator design'. 

Neutralization, when triodes are used, should 
be as nearly perfect as possible, since regenera-
tion may cause nonlinearity. The amplifier also 
must be completely free from parasitic oscilla-
tions. 

Although the total power input (d.c. plus 
au(lio-frequency a.c.) increases with na III t ion, 
the d.c. plate current of a plate-modulated am-
plifier should not change when t he stage is modu-
lated. This is because earh ineepa se in plate volt-
age and plate current is 1):11:1111.1.11 by an equiva-
lent decrease in voltage and current on the next 

CLASS-C AMR 
R°7-1 EXCITATION 
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o 
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Fig. 10.7—Plate modulation of a beam tetrode, using 
an audio impedance in the screen circuit. The value of 
Li is discussed in the text. See Fig. 10-6 for data on by-

pass capacitors C1 and C2. 

half-cycle of the modulating wave. D.c. instru-
ments cannot follow tine a.f. variations, and since 
the average d.c. plate current and plate voltage 
of a properly operated amplifier do not change, 
neither do the meter readings. A change in plate 
current with modulation indicates nonlinearitv. 
On the other hand, a thermocouple r.f. am-
nieter connected in the antenna or transmission 
line will show an increase in r.f. current with 
modulation, because instruments of this type re-
spond to power rather than to current or voltage. 

Screen- Grid Amplifiers 

Screen-grid ,J1 the pentode or beam-
tetrode type can )0 used as Class C plate-modu-
lated amplifiers by applying the modulation to 
both the plate and screen grid. The usual method 
of fee, ling the screen grid with the necessary d.c. 
and modulation voltages is shown in Fig. 10-6. 
The dropping resistor, II, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. Its value can be 
calculated by taking the difference between plate 
and screen voltages and dividing it by the rated 
screen current. 
The modulating impedance is found by divid-

ing the d.c. plate voltage by the sum of the plate 
and screen currents. The plate voltage multiplied 
by the suns of the two currents gives the power 
input to be used as the basis for determining the 
audio power required from the modulator. 

Modulation of the screen along with the plate 
is necessary because the screen voltage has a much 
greater effect on the plate current than the plate 
voltage does. The modulation characteristic is non-
linear if the plate alone is modulated. However, 
some beam tetrodes can be modulated satisfac-
torily by applying the modulating power to the 
plate circuit alone, provided the screen is con-
nected to its d.c. supply through an audio im-
pedance. Under these conditions the screens be-
comes self-modulating, because of the variations 
inn screen torrent that occur when the plate volt-
age is varied. The circuit is shown in Fig. 10-7. 
The choke coil /4 is the audio impedance in the 
screen circuit; its induetance should be large 
enough to have a reactance (at the lowest de-
sired audio frequency) that is not less than the 
impedance of the screen. The screen impedance 
can be taken to be approximately equal to the 
d.c. screen voltage divided by the d.c. screen 
current its amperes. 

Choke- Coupled Modulator 

The choke-, minted Class A modulator is shown 
in Fig. 10-8. Breause of the relatively low power 
output and plate efficiency of a Class A ampli-
fier, this method is seldom used except for a 
few special applications. The audio power output 
of the modulator is combined with the d.c. power 
in the plate circuit, as in the case of the trans-
former-coupled modulator. But there is consid-
erably less freedom in adjustment, since no trans-
former is available for matching impedances. 
The modulating impedance of the r.f. amplifier 

must be adjusted to the value of load impedance 
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10 - AMPLITUDE MODULATION 

required by the particular modulator tube used, 
and the pemer input to the r.f. stage should not 
exceed twice the rated a.f. power output of the 
modulator for 100 per cent modula t ion. A com-
plication is the fact that the plate voltage on the 
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Fig. 10-8—Choke-coupled Class A modulator. The ca-
thode resistor, R2, should have the normal value for 
operation of the modulator tube as a Class A power 
amplifier. The modulation choke, Es, should be 5 henrys 
or more. A value of 0.001 to 0.005 µf. is satisfactory at 
C2, the r.f. amplifier plate bypass capacitor. See text 

for discussion of Cs and 121. 

modulator must be higher than the plate voltage 
on the r.f. amplifier, for 100 per cent modulation. 
This is because the a.f. voltage developed by the 
modulator cannot swing to zero without, a great 
(leal of distortion. RI provides the necessary d.c. 
voltage drop between the modulator and r.f. 
amplifier, but its value cannot be calculated 
without using the published plate family of curves 
for the modulator tube used. The (1.e. voltage 
drop through R1 must equal the mil; Linum in-
stantaneous plate voltage on the modulator tube 
under normal operating conditions. C1, an audio-
frequency bypass across RI, should have a 
capaeit alive such that its react anee at 100 cycles 
is not more than about one-tenth the resist mire of 
II I. Without RIC)) the percentage of modulation 
i,- limited to 70 to SO per cent in the average ease. 

• GRID MODULATION 
The principal disadvantage of plate modula-

tion is that a considerable amount of audio P.nver 
is necessary. This requirement can be avoii led 1)y 
applying the modulation to a grid element iii the 
modulated amplifier. However, the convenience 
and economy of the low-power modulator must 
be paid for, since no modulation system gives 
some ,thing for nothing. The increased power out-
put that accompanies modulation is paid for, in 
tus c:,,•i) of grid modulation, by a reduction in the 
e:irri,•r power output obtainable from a given r.f. 

ANT 
 o 

amplifier tube, and by more rigorous operating 
requirements and more complicated adjustment. 
The term " grid modulat ion" as used here ap-

plies to all types — contl.))1 grid, sereen, or sup-
pressor -- since the opera t ing prineiples are ex-
actly the same no matter which grid is actually 
modulais' I. With grid modulation the plate volt-
age is constant, :111(1 the increase in power output 
with modulation is obtained by making both the 
plate current and plate efficiency vary with the 
modulating signal as shown ill Fig. 10-9. For 
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Fig. 10-9— In a perfect grid-modulated amplifier both 
plate current and plate efficiency would vary with the 
instantaneous modulating voltage as shown. When this 
is so the modulation characteristic is as given by curve A 
in Fig. 10-4, and the peak envelope output power is 
four times the unmodulated carrier power. The variations 

in plate current with modulation, indicated above, do not 
register on a d.c. meter, so the plate meter shows no 

change when the signal is modulated. 

100 per vent modulation, both plate current and 
efficiency must, at the peak of the modulation 
up-swing, be twice their carrier values. Thus at 
the modulation-envelols• peak the power input 
is doubled, and since the plate efficiency also is 
doubled at the same instant the peak envelope 
output power will be four times the carrier power. 
The efficieney obtainal)le at 1.he envelope peak 
depends on how carefully the modulated ampli-
fier is adjusted, and sometimes can be as high as 
80 pct. N.M. It is generally less when the amplifier 
is adjusted for good linearity, and under average 
conditions a round figure of M, or 66 per cent, is 
representative. The efficiency without modula-
tion is only half the peak efficiency, or about 33 
per vent. This low average (•fficieney reduces the 
permissillu earlier output to about one-fourth 
the pm\5F sit:tinable from t he same tube ill c.w. 
operation, and to about one-third the carrier 
output obtainable from the tube with plate 
modulation. 
The modulator is required to furnish only tIc• 

nus ho power dissipated in thv modulated grid 
under the operating conditions chosen. A speech 
amplifier capable of delivering 3 to 10 watts is 
usually sufficient. 
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Grid Modulation 

Generally speaking, grid modulation does not 
give quite as linear a modulation characteristic 
as plate modulation, even under optimum operat-
ing conditions. When misadjusted the nonline-
arity may be severe, resulting in bad distortion 
and splatter. However, with careful adjustment 
it is capable of satisfactory results. 

Plate-Circuit Operating Conditions 

The ti . c. plate power input to the modulated 
amplifier, assuming a round figure of (33 per 
cent) for the plate efficiency, should not exceed 
1! 2. t¡lues the plate ( lissipation rating of t lie tube 
or tubes used in the modulated stage. It is gen-
erally best to use the maximum plate voltage 
permitted by the manufacturer's ratings, be-
cause the optimum operating conditions are more 
easily achieved with high plate voltage and the 
linearity also is improved. 

Example: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with grid 
modulation. 
The maxi bbbb 1111 permissible power input, at 33',:;) 
efficiency, is 
P = 1.5 X (2 X 55) = 1.5 X 110 = 163 watts 
The maximum recommended plate voltage for 
these tubes is 15(5) volts. Using this figure, the 
average plate current for the two tubes will be 

P 165 
I = — = — = 0.11 amp. = 110 ma. 

E 1500 

At 33'7, efficiency, the carrier output to be ex-
pected is 55 watts. 
The plate-voltage/plate-current ratio at twice 

carrier plate current is 

1500 

220 
= 6.8 

The tank-circuit L/C ratio should be chosen on 
the basis of luire the average or carrier plate cur-
rent. If the L/C ratio is based on the plate volt-
age/plate current ratio under carrier conditions 
the Q may be too low for good coupling to the 
output circuit. 

Screen Grid Modulation 

Screen modulation is probably the simplest 
form of grid modulation and the least cru t irai of 
adjustment. The most satisfactory way to apply 
the modulating voltage to the screen is through a 
transformer, as shown in Fig. 10-10. With prac-
tical tubes it is necessary to drive the screen 
somewhat negative with respect to the cathode 
to get complete cut-off of r.f. output. For this 
reason the peak modulating voltage required for 
100 per cent modulation is usually 10 per cent or 
so greater than the d.c. screen voltage. The 
latter, in turn, is approximately half the rated 
screen voltage recommended under maximum 
ratings for c.w. operation. 
The audio power required for 100 per cent 

modulation is approximately one-fourth the d.c. 
power input to the screen in c.w. operation, 
but varies somewhat with the operating condi-
tions. A receiving-type audio power amplifier 
will suffice as the modulator for most transmit-
ting tubes. The relationship between screen volt-
age and screen current is not linear, which means 
that the load on the modulator varies over the 

anclIFOlipt 
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Fig. 10-10—Screen-grid modulation of beam tetrode. 
Capacitor C is an r.f. bypass capacitor and should have 
high reactance at audio frequencies. A value of 0.002 Ø. 
is satisfactory. The grid leak can have the same value 

that is used for c.w. operation of the tube. 

audio-frequency cycle. It is therefore highly 
advisable to use negative feedback in the modu-
lator circuit. If excess audio power is available, 
it is also advisable to load the modulator with a 
resistance (R in Fig. 10-10) its value being ad-
justed to dissipate the excess power. Unfortu-
nately, there is no simple way to determine the 
proper resistance except experimentally, by ob-
serving its effect on the modulation envelope 
with the aid of an oscilloscope. 
On the assumption that the modulator will be 

fully loaded by the screen plus the additional 
load resistor R, the turns ratio required in the 
coupling transformer may be calculated as fol-
lows: 

N- 
2.5 \ PRL 

where N is the turns ratio, secondary to primary; 
Ed is the rated screen voltage for c.w. operation; 
P is the rated audio power output of the modu-
lator; and Hi, is the rated load resistance for the 
modulator. 

Adjustment 

A screen-modulaied amplifier should be ad-
justed with the aid of an oscilloscope connected 
as shown in Fig. 10-11. A tone source for modu-
lating the transmitter is a convenience, since a 
steady tone will give a steady pattern on the 
oscilloscope. A steady pattern is easier to study 
than one that flickers with voice modulation. 
Having determined the permissible carrier 

plate current as previously described, apply r.f. 
excitation and d.c. plate and screen voltages. 
Without modulation, adjust the plate loading to 
give the required plate current, keeping the plate 
tank circuit tuned to resonance. Next, apply 
modulation and increase the modulating voltage 
until the modulation characteristic shows curva-
ture (see later in this chapter for use of the os-
(illoscope). If curvature occurs well below 100 
per cent modulation, the plate efficiency is too 
high at the carrier level. Increase the plate 
loading slightly and readjust the r.f. grid excita-
tion to maintain the same plate current; then 
apply modulation and check the characteristic 
again. Continue until the characteristic is as 
linear as possible from zero to twice the carrier 
amplitude. 

In general, the amplifier should be heavily 
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OSCILLOSCOPE 

R. F. 
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Fig. 10-11—Using the oscilloscope for adjustment of a screen-modulated amplifier. 
L and C should tune to the operating frequency, and may be coupled to the transmitter tank circuit through a twisted 
pair or coax, using single-turn links at each end. The blocking capacitor (0.05 that couples the audio voltage from 
the screen grid to the horizontal plates of the oscilloscope should have a voltage rating equal to at least twice the d.c. 
voltage on the grid that is being modulated. The r.f. and audio voltages should be fed directly to the deflection plates 

of the scope tube (through blocking capacitors if necessary or desirable), not through any vertical 
or horizontal amplifiers that may be in the instrument. 

loaded. Under proper operating conditions the 
plate-current dip as the amplifier plat e circuit is 
tuned through resonance will be lit t le more than 
just discernible. It is desirable to operate with the 
grid current as low as possilde, since titis reduces 
the screen current and thus reduees the amount 
of power required from the modulator. 
With proper adjustment the linearity is good 

up to about 90 per cent modtdation. When the 
screen is driven negative for 100 per cent modu-
lation there is a kink in the modulat ion charac-
teristie at the zero-voltage point . This no roduves 
a small amount of envelope distortion. The kink 
can be removed and the over-all linearity im-
proved by applying a small amount of modulating 
voltage to the control grid simultaneously with 
screen modulation. 

In an alternative adjustment method not re-
quiring an oscilloscope the r.f. amplifier is first 
tuned up for maximum out put wit hout modula-
tion and the rated d.c. sereen voltage (from a 
fixed-voltage supply) for e. iv. operation applied. 
Use heavy loading and redtwe the grid excitation 
until the output just starts to fall off, at which 
point the resonance clip in plate current should 
be small. Note the plate current and, if possible, 
the r.f. antenna or feeder current, ait I t lien reduce 
the d.c. screen voltage until the plate current is 
one-half its previous value. The r.f. output cur-
rent should also be one-half its previous value at 
this screen voltage. The amplifier is then ready 
for modulation, and the modulating voltage may 
be increased until the plate current just starts to 
shift upward, which indicates that the amplifier 
is modulated 100 per cent. Wit It vi titi modulation 
the plate current should remain steady, or show 
just an occasional small upward kick on intermit-
tent peaks. 

"Clamp- Tube" Modulation 

A method of screen-grid moduL,tion that is 
convenient in transmitters provideil with a screen 
protective tube (" clamp" tube) is shown in Fig. 

10-12. An audio-frequency signal is applied to the 
grid of the (damp tube, which then beeomes a 
modulator. The simplivity of tla• circuit is some-
what deceptive, shire it is consideraldy more 
difficult from a design standpoint than the 
transformer-coupled arrangement of Fig. 10-10. 

For proper moilula t it itt t he idamp tube must be 
opera lcd as a t riode Class A ; Implifier, and it will 
he recognized that the met hod is essentially iden-
tical with the rhoke-rottplei I Class A plate modu-
hit or of Fig. 10-8 except t hat a resist anee, 112, is 
su) st ituted for the ehoke. 112 in the usual ease is 
the screen dropping wsist or normally used for 
c.w. operation. Its value should be at least two 
or ti tree times the load resistance required by the 
Class A modtdator ttibe for optimum audio-
frequency out Init. Unfortunately, relatively little 

A.F 
INPUT 

o  

Fig. 10- 12—Screen modulation by a "clamp" tube. 
The grid leak is the normal value for c.w. operation and 
C2 should be 0.002 µf. or less. See text for discussion 
of CI, RI, R2 and R:i. R3 should have the proper value 
for Class A operation of the modulator tube. but cannot 
be calculated unless triode curves for the tube are 

available. 
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Clamp Tube Modulation 

information is available on the triode operation 
of the tubes most frequently used for screen-
prot ect ive purposes. 

Like the choke-vottpled modulator, the clamp-
tube modulator is incapable of modulating the 
r.f. stage 100 per cent unless the dropping resistor, 
RI, and audio bypass, C1, are ineorporated in the 
circuit. The same design einp:illerat ions hold, with 
the athlition of the fail that the screen must be 
driven negat ive, not just to zero voltage, for 100 
per cent modulation. The modulator tube must 
thus be operated at a voltage ranging from 20 to 
40 per cent higher than the screen that it modu-
lates. Proper design requires knowledge of the 
screen characteristics of the r.f. amplifier and a set 
of plate-voltage plate-current curves on the mod-
ulator tube as a triode. 

Adjustment with this system, once the design 
voltages have been determined, is carried out in 
the same way as with transformer-coupled screen 
modulation, preferably with the oseilloseope. 
Without the oscilloscope, the amplifier may first 
be adjusted for c.w. operation as described earlier, 
but with the modulator tube removed from its 
socket. The modulat(ir is then replaced, and the 
cathode resistance, 113, adjusted to reduce the 
amplifier plat • current to one-half its c.w. value. 
The amplifier plate current should retnain con-
stant with modulation, or show just a small up-
ward flicker on oecasional voice peaks. 

Controlled Carrier 

As explained earlier, a limit is placed on the 
output obtain:11de from a grid-modulation system 
by the low r. I.. amplifier plate efficiency (approxi-
mately 33 iter cru t ulu hr unmodulated carrier 
conditions. The plate efficiency increases with 
modulation, si till. t he output increases while the 
(I.e. input remains vonstant, and reaches a maxi-
mum in the neighborhood of 50 per cent with 100 
per cent sine-wave modulation. If the power input 
to the amplifier can be reduced (luring periods 
when there is lit t le or no modulation, thus reduc-
ing the plate loss, advantage can be taken of the 
higher (•flieieney at full modulation to obtain 
higher effective output. This can be (lone by vary-
ing the (I.e. power input to the modulated stage 
in iteeordanee with average variations in vi ii.e 
intensity, in such a way as to maintain just sufli-
(gent carrier power to keep the modulation high, 
but not exeeeding 100 per cent, under all condi-
tions. Thus the carrier amplitude is controlled by 
the average voice intensity. Properly utilized, 
controlled carrier permits increasing the effective 
carrier output at maximum level to a value 
about equal to the rated plate dissipation of the 
tube, or twice the output obtainable with con-
stant carrier. 

It is desirable to control the power input just 
enough so that the plate loss, without modula-
tion, is safely below the tube rating. Excessive 
control is disadvantageous because the distant 
receiver's a.v.e. system must continually follow 
the variat ions in average signal level. The circuit 
of Fig. 10-13 permits adjust inent of both the 
maximum and minimum power input, and al-

MODULATOR 
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Fig. 10-13—Circuit for carrier control with screen modu-
lation. A small triode such as the 6C4 can be used as the 
control amplifier and a 6Y6G is suitable as a carrier-
control tube. Ti is an interstage audio transformer having 
o 1-to- 1 or larger turns ratio. R4 is a 0.5-megohm volume 
control and also serves as the grid resistor for the modu-
lator. A germanium crystal may be used as the rectifier. 

Other values are discussed in the text. 

though somewhat more complicated than some 
cirettits that have been used is actually simpler to 
operate because it separates the functions of 
modulation and carrier control. A portion of the 
audio voltage at the modulator grid is applied to 
a Class A " control amplifier" which drives a 
rectifier circuit to produce a (I.e. volt age negative 
with respect to ground. C1 filters out the audio 
variations, leaving a (i.e. voltage proportional to 
the average voice level. This voltage is applied 
to the grid of a " clamp" tube to control the (I.e. 
screen voltage and thus the r.f. carrier level. 
Maximum output is obtained when the carrier-
control tube grid is driven to cut-off, the voire 
level at which this occurs being determined by 
the setting of R.1. The input without modulation 
is set to the desired level ( usually about equal 
to the plate dissipation rating of the modulated 
stage) by adjusting RI. R3 may be the normal 
screen-dropping resistor for the modulated beam 
tetrode, but in ease a separate screen supply is 
used the resistance need be just large enough to 
give sufficient voltage drop to reduce the no-
modulation power input to the desired value. 
etki should have a time constant of about 0.1 

second. The time constant of C2R3 should be no 
larger. Further details may be found in Q87' for 
April, 1951, page 64. An oscilloscope is required 
for proper adjustment. 

Suppressor Modulation 

Pentode-type tubes do not, in general, modu-
late well when the modulating voltage is applied 
to the screen grid. However, a satisfactory modu-
lation characteristic can be obtained by applying 
the modulation to the suppressor grid. The circuit 
arrangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 10-14. 
The method of adjustment closely resembles 

that used with screen-grid modulation. If an 
115(111 slope is not available, the amplifier is first 
adjusted for optimum c.w. output with zero bias 
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Fig. 10-14—Suppressor-grid modulation of an r.f. 
amplifier using a pentode-type tube. The suppressor-
grid r.f. bypass capacitor, C, should be the some as the 

grid bypass capacitor in control-grid modulation. 

on the suppressor grid. Negative bias is then 
applied to the suppressor ut I inereased in value 
until the plate current and r.f. output current 
drop to half their original values. When this 
condition has been reached the amplifier is muly 
for modulation. 

Since the suppressor is always negatively 
biased, the modulator is not required to furnish 
any power and a voltage amplifier can be used. 
The suppress ta. bias will vary with the type of 
pentode and the operating vondit ions, but usually 
will lu f t he order of — 100 volts. The peak a. f. 
voltage rettinq from the modulator is equal to 
the stiptires-,,r bins. 

Control-Grid Modulation 

Although control-grid modulation may be 
used with any type of r.f. amplifier tube, it is 
seldom used wit s tel roi  isn't pentodes bevause 
screen or suppressor modulation is generally 
simpler to adjust. However, control-grid modula-
tion is the only form of grid modulation that is 
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Fig. 10-15—Control-grid modulation of a Class C am-
plifier. The r.f. grid bypass capacitor, C, should have 
high reactance at audio frequencies (0.005 mf. or less). 

applicable to triode simplifiers. A typical triode 
circuit is given in Fig. 10-15. 

In control-grid modulation the d.c. grid bias is 
the same as in normal Class C. amplifier service, 
but the r.f. grid excitation is somewhat smaller. 
The audio vidtage superimposed on the d.c. bias 
changes the instantaneous grid bias at an audio 
rate, thus varying t he operating conditions in the 
grid circuit and ono ritlling the output and effi-
ciency of the amplifier. 
The change in instantaneous bias voltage with 

modulation causes the rectified grid current of 
the amplifier to vary, which places a variable 
load on the modulator. To reduce distortion, re-
sistor I? in Fig. 10-15 is connected in the output 
circuit of the modulator as a constant load, so 
that the over-all loaf I Variations Win lw minimized. 
This resistor should be equal to Or somewhat 
higher than the load into which the modulator 
tube is rated to work at normal audio output. 
It is also recommended that the modulator cir-
cuit ineorixtrate as much negative feedback as 
possible, as a further aid in reducing the internal 
resistance of the modulator and thus improving 
the " regulation" -- that is, reducing this effect 
of load variations on the audio output voltage. 
The turns rioit trattsformer T should be about 
1 to 1 in most eases. 
The load on the r.f. driving stage also varies 

with modulatii)11. This in turn will cause the ex-
citation voltage to vary and may eause the 
modulation charaeteristic to be nonlinear. To 
overcome it, the driver should be capable of two 
or three times this r.f. power output actually re-
quired to drive the amplifier. The excess power 
may be dissipated in a dummy load (such as an 
incandescent lamp of appropriate player rating) 
that then performs the same funet i,)t) in the r.f. 
circuit that resistor II does its the ; Indio circuit. 
The d.c. bias source in this system should have 

low internal resistance. Batteries or a voltage-
regulated supply are suitable. Grid-leak bias 
should not be used. 

Satisfactory adjustment of a control-grid mod-
ulated amplifier requires an oscilloscope. The 
scope connections are similar to those shown for 
screen-grid modulation in Fig. 10-11, with audio 
from the modulator's output transformer sec-
ondary applied to t lie horizontal plates through 
a blocking capat.itor and volume control, and 
with r.f. from the plate tank circuits coupled to 
the vertical plates. The adjustment procedure 
follows that for screen modulation as previously 
described. 

• CATHODE MODULATION 
Circuit 

The fundamental circuit for cathode modula-
tion is shown in Fig. 10-16. It is a combination of 
the plate and grid methods, and permits a car-
rier efficiency midway between the two. The 
audio power is introduced in the cathode circuit, 
and both grid bias and plate voltage are modu-
lated. 

Because part of the modulation is by the 
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Cathode Modulation 

Fig. 10- 16—Circuit arrangement for cathode modulation 
of a Class C r.f. amplifier. Values of bypass capacitors 
in the r.f. circuits should be the same as for other modu-

lation methods. 

control-grid method, the plate efficiency of the 
modulated amplifier must vary during modu-
lation. The oarrier efficiency therefore must 
be lower than the efficiency at the modulation 
peak. The required reduetion in efficiency de-
pends upon the proportion of grid modulation 
to plate modulation; the higher the percentage 
of plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 
The way in which the various quantities 

vary is illustrated by the curves of Fig. 10-17. 
In these curves the performance of the cath-
ode-modulated r.f. amplifier is plotted in terms 
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Fig. 10-17—Cathode-modulation performance curves, 
in terms of percentage of plate modulation plotted 
against percentage of Class C telephony tube ratings. 

plate input watts in terms of percentage of 
plate-modulation rating. 

W. —Carrier output watts in per cent of plate-modula-
tion rating (based on plate efficiency of 77.5%). 

W. —Audio power in per cent of d.c. watts input. 
Np —Plate efficiency of the amplifier in percentage. 

of the tube ratings for plate-modulated telephony, 
with the percentage of plate modulation as a base. 
As the percentage of plate modulation is de-
creased, it is assumed that the grid modulation is 
increased to make the over-all modulation reach 
100 per cent. The limiting condition, 100 per cent 
plate modulation and no grid modulation, is at 
the right (A); pure grid modulation is repre-
sented by the left-hand ordinate (B and C). 

Example: Assume that the r.f. tube to be used 
has a 100% plate-modulation rating of 250 watts 
input and will give a carrier power output of 190 
watts at that input. Cathode modulation with 40% 
plate modulation is to be used. From Fig. 10-17, 
the carrier efficiency will be 56' ; with 40; plate 
modulation, the permissible d.c. input will be 65% 
of the plate-modulation rating, and the r.f. output 
will be 48',{ of the plate-modulation rating. That is, 

Power input = 250 X 0.65 = 162.5 watts 
Power output = 190 X 0.48 = 91.2 watts 

The required audio power, from the chart, is equal 
to 20% of the d.c. input to the modulated amplifier. 
Therefore 

Audio power = 162.5 X 0.2 = 32.5 watts 

The modulator should supply a small amount of 
extra power to take care of losses in the grid circuit. 
These should not exceed four or five watts. 

Modulating Impedance 

The modulating impedance of a cathode-
modulated amplifier is approximately equal to 

b 

where nt = Percentage of plate modulation (ex-
pressed as a decimal) 

Bb = D.c. plate voltage on modulated 
amplifier 
ll.c. plate current of modulated 

amplifier 

Example: Assume that the modulated amplifier 
in the example above is to operate at a plate po-
tential of 1250 volts. Then the d.c. plate current is 

P 162.5 
= = 0.13 amp. ( 130 ma.) 

E 1250 

The modulating impedance is 

E. 
m— = 0.4-125° = 3846 ohms 

Ib 0.13 

The modulating impedance is the load into which 
the modulator must work, just as in the case of 
pure plate modulation. This load must be 
matched to the load required by the modulator 
tubes by proper choice of the turns ratio of the 
modulation transformer, as described in the chap-
ter on speech equipment. 

Conditions for Linearity 

lt.f. excitation requirements for the cathode-
modulated amplifier are midway between those 
for plate modulation and control-grid modu-
lation. More excitation is required as the per-
centage of plate modulation is increased. Grid 
bias should be considerably beyond cut-off; 
fixed bias from a supply having good voltage 
regulation is preferred, especially when the 
percentage of plate modulation is small and 
the amplifier is operating more nearly like a 
grid-bias modulated stage. At the higher per-
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centages of plate modulation a combination of 
fixed and grid-leak bias can be used, since the 
variation in rectified grid current is smaller. 
The grid leak should be bypassed for audio 
frequencies. The percent age of grid modulation 
may lw regulated by choice of a suitable tap 
on the modulat ion-transformer serondary. 
The cathode circuit of the modulated stage 

must be independent of ut her stages in the 
transmitter. When directly heated tubes are 
modulated their filaments must be supplied from 
a separate transformer. The filament bypass 
capacitors should Tao be larger than about 0.002 
gf., to avoid bypassing the audio-frequency modu-
lat ion. 

Adjustment of Cathode-Modulated 
Amplifiers 

In most respects, the tuljustment procedure 
is similar to that for grid-bias modulation. The 
critical adjustments an antenna loading, grid 
bias, and excitation. The proportion of grid-bias 
to plate modulation will determine the operating 
conditions. 

Adjustments should be made with the aid of 
an oscilloscope connect ed in the saine way as for 
grid-bias modulation. Wit h proper antenna load-
ing and excitation, tlw normal wedge-shaped 
pattern will be obtained at 100 per cent modula-
tion. As in the case of grid-bias modulation, 
too light antenna loading will cause flattening 
of the upward peaks of modulat ion as also will 
too high excitation. The cathode current will be 
practically constant with or without modulation 
when the proper operating conditions have been 
established. 

e LINEAR AMPLIFIERS 
If a signal is to be amplified after modulation 

has taken place, the shape of the modulation 
envelope must be preserved if distortion is to be 
avoided. This requires the use of a linear ampli-
fier — that is, one that will reproduce, in its 
output circuit, the exact form of the signal en-
velope applied to its grid. 

Linear amplifiers for amplitude-modulated r. f. 
signals cannot be operated with the grid bias 
beyond cut-off. To do so would mean that the 

part of tile modulation envelope near the zero 
axis (see Fig. I0- 1C) would be clipped. sinet• t here 
would be times when the instantaneous signal 
voltage would be I slow the minimum value that 
would cause plate-current flow. The result would 
be overmodulation of the type shown in Fig. 
10-3. 
However, the grid bias may be set at any value 

less than cutoff. Usually, such amplifiers are oper-
ated at or near the Class B condition — that is, 
with the grid bias at or somewhat less than cutoff. 
Although Class B operation results in consider-
able distortion of the individual r. f. cycles applied 
to the grid, the modulation envelope is not dis-
torted if the operating conditions are chosen 
properly. The r. f. distortion produces only r. f. 
harmonics, and these (tan be eliminated by the 
selectivity of the output tank circuit. 
A linear amplifier used for a.m. has the same 

disadvantages with respect to efficiency that grid 
modulation does. The reason also is much the 
same: since the amplifier must handle a peak-
envelope power four times as great as the un-
modulated carrier power. it cannot be operated 
at its full capabilities when it is amplifying only 
the unmodulated carrier. The plate efficiency of 
the amplifier varies with t he instantaneous value 
of the modulation envelope in the same way that 
it varies with the inst alit t[wow; modulating volt-
age in grid modulation ( Fig. 10-9). Hence the 
efficiency at the uninodulated carrier level is only 
of thdt order of 30-35 per cent . 

Because of this low etlivieney, linear ampli-
fiers have not hint muell application in amateur 
transmitters, especially since equivalent effi-
ciency can be obtained with grid modulation, 
along with a less critical adjustment procedure. 
Recently there has been some increase in use 
of a.m, linears, particularly at v.h.f., as a means 
of stepping up the modulated power output of 
very low power transmitters with a minimum of 
complication in over-all et wit anent and opera-
tion. To obtain a useful ilientase in power out-
put by this means the linear amplifier must use 
a tube or tubes capable of relatively large plate 
dissipation, since about two-thirds of the d.e. 
power input to the amplifier is consumed in 
heating the plate and only about one-third is 
converted to useful carrier output. 

Checking A.M. Phone Operation 

• USING THE OSCILLOSCOPE 
Proper adjustment of a phone transmitter 

is aided immeasurably by thé oscilloscope. The 
scope will give more information, more accu-
rately, than almost any collection of other instru-
ments that might be named. Furthermore, an 
oscilloscope that is entirely satisfactory for the 
purpose is not necessarily an expensive instru-
ment; the cathode-ray tube and its power supply 
are about all that are needed. Amplifiers and 
linear sweep circuits are by no means necessary. 

In the simplest, scope circuit, radio-frequency 
voltage from t he modulated amplifier is applied 
to the vential deflection plates of the tube, 
usually through blocking capacitors as shown in 
the oscilloseopecir cuit ill the chapter on meas-
urements, and audio-frequency voltage from the 
modulator is applied to the horizontal deflection 
plates. As the instantaneous amplitude of the 
audio signal varies, the r.f, output of the trans-
mitter likewise varies, and this produces a wedge-
shaped pattern or trapezoid on the screen. If the 
oscilloscope has a built-in horizontal sweep, the 
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(8) 

Ant. Corcud 

To 
Vertical 
Plates 

es 

To 
Vertical 
Plat 

Altenote Input Connectons 

To Mod. Amp. 

.8 

2 
4  To 

Horizontal 
,  Plates 

Fig. 10-18—Methods of connecting the oscilloscope for 
modulation checking. A—connections for wave-envelope 
pattern with any modulation method; B—connections for 
trapezoidal pattern with plate modulation. See Fig. 10-11 
for scope connections for trapezoidal pattern with 

screen modulation. 

r.f. voltage can be applied to the vertical plates 
as before (never through an amplifier) and the 
sweep will produce a pattern that follows the 
modulatimi envelope of the transmitter output, 
provided the sweep frequeney is lower than the 
modulation frequenev. This produces a wave-
envelope n1011111I 

The Wave-Envelope Pattern 

The connections for the wave-envelope pattern 
are shown in Fig. 10-18A. The vertical defleetion 
plates are coupled to the amplifier tank coil (or 
an antenna coil) through a low-impedance (coax, 
twisted pair, etc.) line and pick-up coil. As shown 
in the alternative drawing, a resonant circuit 
tuned to the operating frequency may be con-
nected to the vertical plates, using link coupling 
between it and the transmitter. This will elimi-
nate r.f. harmonies, and the tuning control pro-
vides a convenient means for adjustment of the 
pattern height. 

If it is inconvenient to couple to the final 
tank coil, as may be the case if the transmitter is 
tightly shielded to prevent TVI, the pick-up 
loop may be coupled to the tuned tank of a 
matching circuit or antenna coupler. Any 
method (even a short antenna coupled to the 
tuned circuit shown in the "alternate input con-
nections" of Fig. 10-18A) that will pick up 

enough; r.f. to give a suitable pattern height 
may be used. 
The position of the pick-up coil should be 

varied until an unmodulated carrier pattern, 
Fig. 10-19B, of suitable height is obtained. The 
horizontal sweep voltage should be adjusted to 
make the width of the pattern somewhat more 
than half the diameter of the screen. When voice 
modulat ion is applied, a ra pill y changing pat tern 
of varying height will la. obtained. When the 
maximum height of this pat tern is just twice t hat 
of the carrier alone, the wave is being modulated 
100 per cent. This is illustrated by Fig. 10-19D, 
where the point .V represents the horizontal 
sweep line (reference line) alone, YZ is the ear-
rier height, and PQ is the maximum height of 
the modulated wave. 

If the height is greater than the distance l'Q, 
as illustrated in E, the wave is overmodulated in 
the upward direction. Overmodulation in the 
downward direction is indicated by a gap in the 
pattern at the reference axis, where a single 
bright line appears on the screen. Overmodula-
tion in either direction may take place even 
when the modulation in the other direction is 
less than 100 per cent. 

NO CARRIER 

CARRIER ONLY 

LESS THAN 
100% MODULATION 

100% MODULATION 

OVER MODULATION 

Fig. 10-19—Wave-envelope and trapezoidal patterns 
representing different conditions of modulation. 

(H) 

(I) 
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The Trapezoidal Pattern 

Connections for the t ta pez  tid or wedge pattern 
as used for checking plate nett lu latitm are shown 
in Fig. 10-18B. The vertical plates of the c.r. 
tube are coupled to tle. t raosmil ter tank through 
a pick-up loop, prefer:11W\ using a tuned circuit, 
as shown in t he upper drawing, :elite:table to the 
()Iterating freqttency. Audio voltage from the 
modulator is applied to the horizontal plates 
through a voltage divider, klit'2. This voltage 
should be adjustable so a suitable pattern width 
can be obtained; a 0.25-megohm volume etintrol 
call be used at 112 for this purpose. 

resistance required at /fi will depend on 
the d.c. Ida t e voltage on the modulated amplifier. 
The total resistance of If and R., in series should 
be about 0.25 megolon for each 100 volts of I.e. 
plate voltage. l'or example, if the modulated 
amplifier operates at 1500 volts, the total resis-
tance should be 3.75 megohms, 0.25 megohm at 
112 and the remainder, 3.5 megohms, in RI. Rs 
should be composed of individual reistors not 
larger than 0.5 megohm each, in which case 
1-we t t resistors will be sat isfiwtory. 

For adequate voupling at 100 cycles the ca-
pacittowe, in mierofarads, of the bloeking capac-
itor. C. should be at least 0,05/R, where R is 
the total resistance ( llt 112) in megohms. In 
the example above, si  here If is 3.75 megohms, 
tlw capacitance should be 0.05/3.75 0.013 

or mole. The voltage rating of the capacitor 
should be at least twice the d.c. voltage applied 
to the modulated amplifier. The eapavitanee can 
be made up of two or more similar units in 
series, so long as the total eaparitanre is equal 
to that required, in case a single unit of sufficient 
voltage rating is not availalde. Two or more 
units may be used its parallel if eapacitors having 
adettuate voltage rating but insufficient eapaei-
lance are available. 
The corresponding scope connections for screen 

modulation were given in Fig. 10-11. This circuit 
will be satisfactory for d.c. screen voltages up to 
200 volts or so, which will include most beam 
tetrodes. If the d.c. screen voltage, adjusted for 
proper nsodulat ion, exceeds 200 volts a voltage 
divider similar to t hat shown in Fig. 10-18 should 
be used, the values being calculated as described 
above using the screen voltage instead of the 
plate voltage. 

Trapezoidal patterns for various conditions 
of nuelulation are shown in Fig. 10-19 at F to J, 
each alongside the correspoiefing wave-enve-
lope pattern. NVith no signal, only the cathode-
ray spot appears on the screen. When the un-
modulated carrier is applied, a vertical line ap-
pears; the length of the line should be adjusted, 
bv means of the pick-up coil coupling, to a con-
vt.nient value. When the carrier is modulated, 
the wedge-shatted pattern appears; the higher 
t he modulation percentage, the wider and more 
pointed the wedge becomes. At 100 per cent 
modulation it just makes a point on the axis, X, 
at one end, and the height, PQ, at the other end 
is equal to twice the carrier height, YZ. Over-

Fig. 10-20— Top—A typical trapezoidal pattern ob-
taMed with screen modulation adjusted for optimum 
conditions. The sudden change in slope near the point 
of the wedge occurs when the screen voltage passes 
through zero. Center—If there is no audio distortion, 
the unmodulated carrier will have the height and position 
shown by the white line superimposed on the sine-wave 
modulation pattern. Bottom—Even-harmonic distortion in 
the audio system, when the audio signal applied to the 
speech amplifier is a sine wave, is indicated by the fact 
that the modulation pattern does not extend equal 
horizontal distances on both sides of the unmodulated 

carrier. 

modulation in the upward direction is indicated 
by inereased height. over PQ, and downward by 
an extension along the axis X at the pointed end. 

e CHECKING TRANSMITTER 
PERFORMANCE 

The trapezoidal pattern is generally more 
useful than the wave-envelope pattern for check-
ing the operation of a phone transmitter. How-
ever, both types of patterns have their special 
virtues, and the le..tt test setup is one that makes 
both available trapezoidal pattern is better 
adapted to showing the performance of a modu-
lated amplifier from the standpoint of inherent 
linearity, without reped to the wave form of the 
audio modulating signal, than is the wave-en-
velope pattern. Distortion in the audio signal 
also can be detected in the trapezoidal pattern, 
although considerable experienee its analyzing 
scope patterns is sometimes required to rec-
ognize it. 

If the wave-envelope pattern is used with a 
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sine-wave audio modulating signal, distortion in 
the modulation envelope is easily re(' ignizable 
however, it is difficult to determine whether the 
distortion is caused by lack of linearity of the 
r.f. stage or by a. f. distortion in the modulator. 
If the trapezoidal potent shows good linearity 
in such a ease the trouble obviously is in the 
audio system. It is issu le, of course, for both 
defects to lie present simultaneously. If they 
are, the r.f. amplifier shisild be made linear first; 
then any distortion in the modulation envelope 
will be the result of some type of improper oper-
ation ill the speech amplifier or modulator, or 
in eoupling the modulator to the modulated 
r.f. stage. 

R. F. Linearity 

'I'he trapezoidal pattern is aetually a graph 
of the modulation characteristic of the modu-
lated amplifier. The sloping sides of the wedge 
shiny the r.f. amplitude for every value of in-
stantaneous modulating voltage, exactly the 
type of curve plotted in Fig. 10-4. If these sides 
are perfectly straight lines. as drawn in Fig. 
10-19 at II and I, the moilulation i•haract ( list ic is 
linear. If the si les show curvature, the charac-
teristic is nonlinear to an extent that is shown by 
the degree ii which the sides depart frton perfect 
straightness. This is true regardless of the wave 
form of the moditIlting voltage. 

Audio Distortion 

If the speech system ' 'Ir veut by a good 
audio sine-waye signal in,4ead it a microphone, 
the trapezoidal pattern also will show t presence 
of even-harmcinic distortion (the most common 
type, especially when the modulator is over-

loaded) in the speech amplifier or modulator. If 
there is no distortion in Ow audio system, the 
trapezoid will extend horizontally ( lit:it distances 
on each side of the vertical line representing the 
unmodulated carrier. If there is even-harmonic 
distortion the trapezoid will extend farther to one 
side of the unmodulated-carrier position than to 
the other. This is shown in Fig. 10-20. The prob-
able cause is inadequate power output from the 
modulator, or incorrect hi:m(1 on the modulator. 
Au audio oscillator ka‘ing reascmably good 

sine-wave output is highly desirable for testing 
both speech equipment and the phone transmit-
ter as a whole. A very sintple audio oseillator 
such as is shown in Chapt'.n. 21 on measurements 
is quite adequate. With such an oscillator and the 
scope, the pattern is steady and be studied 
closely to determine the effects of various tqxn.at-
ing adjustments. 

In the case of the wave-envelope pattern, 
distortion in the audio system will show up itt 
the modulation envelope ( with a sine-wave 
input signal) as a depart nit' from the sine-wave 
formo, and may be checked by comparing the 
envelope with a di':1Willf.4' itt It WaVe. At 

any such distortion to the audio system 
assumes, of /lows, t hat a check ha.s 1)een made 
on the linearit y the modulated r.f. amplifier, 
preferably by use cif the trapezoidal pattern. 

Typical Patterns 

Figs. 10-20, 10-21 and 10-22 show some typival 
scope patterns of modulated signals for diffennit 
conditions of operation. Th, sereen-modulation 
patterns, Fig. 10-20, also show how the presenve 
of Inien-harmonic audio dist(trtion vale be de-
tected in the trapezttidal pattern. Tho pattern 

Fig. 10-21—Oscilloscope patterns showing proper modulation of a plate-and-screen modulated tetrode r.f. amplifier. 
Upper row, trapezoidal patterns; lower row, corresponding wave-envelope patterns. In the latter a linear sweep having 
a frequency one-third that of the sine-wave audio modulating frequency was used, so that three cycles of the modulation 

envelope show in the pattern. 

Unmodulated carrier. Approximately 50 per cent modulation. 100 per cent modulation. 
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0:1 

Modulation over 100 per cent. Improper screen-circuit time constant. Insufficient audio power. 

Fig. 10-22—Improper operation or design. These pictures are to the same scale as those in Fig. 10-21, on the same 
transmitter and with the same test setup. 

to be sought in adjusting the transmitter is the 
one at the top in Fig. 10-20, when. the top and 
bottom edges of flu. pattern vontinue in straight 
lines up to the point representing 100 per milt 
modulation. If these edges tend to bend over 
toward the horizontal at the maximum height 
of the wedge the amplifier is " flattening" on the 
modulation up-peaks. This is usually caused by 
attempting to get too large a carrier output, 
and ran be corrected by tighter coupling to the 
antenna or by redwing the d.e. sereen voltage. 

Fig. 10-21 shows patterns indirating pt.oper 
operation of a plate-and-sureen modulated tet-
rode r.f. amplifier. The rorresponding wave-
envelope pattern is shown N% ith eaph trapezoidal 
pattern. The slight " tailing off" at the modu-
lation down peak (point of the wedge) van be 
minimized by careful adjustment of r.f. grid 
excitation and plate loading. 

Several types of improper operation are shown 
in Fig. 10-22. In the photos at the left the 
linearity of the r.f. stage is good but the ampli-
fier is lu ' 111g modulated over 100 per cent. This 
is shown by the maximum height of the pattern 
(compare with the unmodulated carrier of 
Fig. 10-21) and by the bright line extending 
from the point of the wedge (or between sections 
of the envelope). 

The patterns in the center, Fig. 10-22, show 
the effect of a too-long time constant in the 
sereen rirruit, in an amplifier getting its screen 
voltage through a dropping resistor, both plate 
and screen being modulated. The " double-
edged " pattern is the result of audio phase 
shift in the screen circuit rombined with vary-
ing sereen-to-ratItode resist:titer during modu-
lation. The over-all effect is to delay the rise in 
output amplitude during the up-sweep of the 
modulation cycle, slightly distorting the modula-
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ti, n envel,qw as shown in the wave-envelope pat-
ttult. Tills effect. which heroines more pronounced 
as the audio modulating frequcney is increased, 
is usually absent at low modulation percentages 
but develops rapidly as the modulation ap-
proaches 100 per rent. It mil be reduced by 
redwing the screen bypass raparitance, and 
also by ronm4.ting resistance ( to be determined 
experimentally, but of the same order as the 
screen droiming resistance) between Benxi' 
and cathode. 
The right-hand pictures in Fig. 10-22 show 

the efft,ct of insuffirient ;Julio power. Although 
the trapezoidal pattern shows good linearity in 
the r.f. amplifier, the wave-envelope pattern 
shows flattened peaks (both positive and nega-
tive) in the modulation envelope even though the 
audio signal applied to the amplifier was a sine 
wave. More speech-amplifier gain merely in-
creases the Hat tt,ning without increasing the 
modulation pertuuttage in such a case. The 
remedy is to use a larger modulator or less input 
to the modulated r.f. stage. In some rases the 
trouble may be caused by an ineorreet modu-
lation-transformer turns ratio, (wising the mod-
ulator to be overloaded before its maximum 
power output capabiliti,.s are reached. 

Faulty Patterns 

The pattern defeet,• › IIn in Fig. 10-22 are 
only a few out of many that might be observed 
in the testing of a phone transmitter, all imitable 
of being interpreted in terms of improper opera-
tion in some part of the transmitter. It is yell 
to keep in mind, however, that it is not always 
the transmitter that is at fault when the scope 
shows an lint is pattern The trouble may be 
in some defert in the test setup. 

Patterns representative of two common faults 
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of this nature are shown in Fig. 10-23. The 
upper picture shows what happens to the 
trapezoidal pattern when the audio voltage ap-
plied to the horizontal plates of the c.r. tube is 
not exactly in phase with the modulation en-
velope. The normal straight edges of the wedge 
are transformed into ellipses which in the case 
of 100 per cent modulation (shown) touch at 
the horizontal axis and reach maximum heights 
equal to the height of the normal wedge at the 
modulation up-peak. Such a phase shift can 
occur (and usually will) if the audio voltage 
applied to the cr. tube deflection plates is taken 
from any point in the audio system other than 
where it is applied to the modulated r.f. stage. 
The coupling capacitor shown in the recom-
mended circuit of Fig. 10-18 must have very 
low reactance compared with the resistance of 
RI and R2 in series — not larger than a few 
per cent of the resistance. 

Fig. 10-23—Upper photo—Audio phase shift in cou-
pling circuit between transmitter and horizontal deflec-

tion plates. Lower photo—Hum on 
vertical deflection plates. 

The wave-envelope pattern in Fig. 10-23 
shows the effect of hum on the vertical deflection 
plates. This may actually be on the carrier 
(poor power-supply filtering) or may be intro-
duced in some ‘‘ ay from the a.c. line through 
stray coupling between the scope and the line 
or because of poor grounding of the scope, 
transmitter or modulator. 

It is important that r.f. from the modulated 
stage only be coupled to the oscilloscope, and 
then only to the vertical plates. If r.f. is present 
also on the horizontal plates, the pattern will 
lean to one side instead of being upright. If the 
oscilloscope cannot be moved to a position where 
the unwanted pick-up disappears, a small by-
pass capacitor ( 10 Ise or more) should be 
connected across the horizontal plates as close 
to the cathode-ray tube as possible. An r.f. 

choke (2.5 mh. or smaller) may also be connected 
in series with the ungrounded horizontal plate. 

• MODULATION CHECKING WITH 
THE PLATE METER 

The plate milliammeter of the modulated am-
plifier provides a simple and fairly reliable means 
for checking the performance of a phone trans-
mitter, although it does not give nearly as definite 
information as the oscilloscope does. If the modu-
lated amplifier is perfectly linear, its plate current 
will not change when modulation is applied if 

1) the upward modulation percentage does 
not exceed the modulation capability of the 
amplifier, 

2) the downward modulation does not exceed 
100 per cent, and 

3) there is no change in the d.c. operating 
voltages on the transmitter when modulation is 
applied. 
The plate current should be constant, ideally, 

with any of the methods of modulation discussed 
in this chapter, with the single exception of the 
controlled-carrier system. The plate meter cannot 
give a reliable check on the performance of the 
latter system because the plate current increases 
with the intensity of modulation. With this 
system the plate-current variations should be 
correlated with the transmitter performance as 
observed on an oscilloscope, if the plate meter is 
to be used for checking modulation. 

Plate Modulo fion 

With plate modulation, a downward shift in 
plate current may indicate one or more of the 
following: 

1) Insufficient excitation to the modulated 
r.f. amplifier. 

2) Insufficient grid bias on the modulated 
stage. 

3) R.f. amplifier not loaded properly to present 
the required value of modulating impedance 
to the modulator. 

4) Insufficient output capacitance in the fil-
ter of the modulated-amplifier plate supply. 

5) D.c. input to the r.f. amplifier, under carrier 
con(litions, is in excess of the manufacturer's 
ratings for plate modulation. Alternatively, 
the cathode emission of the amplifier tubes 
may be low. 

6) In plate-and-screen modulation of tetrodes 
or pentodes, the screen is not being suffi-
ciently modulated along with the plate. In 
systems in which the d.c. screen voltage is 
obtained through a dropping resistor, a 
downward dip in plate current may occur 
if the screen bypass capacitance is large 
enough to bypass audio frequencies. 

7) Poor voltage regulation of the modulated-
amplifier plate supply. This may be caused 
by voltage drop in the supply itself, when 
the modulated amplifier and a Class II 
amplifier are operated from the sanie supply, 
or may be caused by voltage drop in the 
primary supply from the power line when 
the modulator load is thrown on. It is readily 
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checked by measuring the voltage with and 
without modulation. Poor line regulation 
will be shown by a drop in filament voltage 
with modulat 

Any of the following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too high). 

2) Inctimplete neutralization of the modu-
lated amplifier. 

3) Parasitic oscillation in the modulated am-
plifier. 

Grid Modulation 

With any type of grid modulation, any of the 
following may cause a downward shift in modu-
lated-amplifier plate current: 

1) Too much r.f. excitation. 
2) Insufficient grid bias particularly with 

control-grid modulation. Grid bias is usually 
not critical with screen and suppressor 
modulation, the value of grid leak letton-
mended for c.w. operation being satis-
factory. 

3) With control-grid modulation, excessive 
resistance in the Iiias supply. 

4) Insufficient output capacitance in plate-
supply filter. 

5) Plate efficiency too high under carrier condi-
tions; amplifier is not loaded heavily 
enough. 

Because grid modulation is not perfectly linear 
(always less so than plate modulation) an am-
plifier that is properly ilesigned and operated 
may show a small upward plate-current shift 
with modulation, 10 per cent or less with sine-
wave modulation and amounting to an occa-
sional upward flicker with voice. An upward 
plate current shift in excess of this may be 
caused by 

1) Overmodulation (excessive modulating volt-
age). 

2) Regeneration (incomplete neutralization). 
3) With control-grid or suppressor modulation, 

bias too great. 
4) With screen modulation, d.c. screen voltage 

too low. 
5) Atulio distortion in modulator. 
In grid-modulation systems the modulator is 

not necessarily operating linearly if the plate 
current stays constant with or without modula-
tion. It is rea... y possible to arrive at a set of 
operating conditions in which flattening of the 
up-peaks is just balanced by overmodulation 
downwanl, resulting in pract Wally the same plate 
current. as when the t ransmitter is unmodulated. 
The oscilloscope provides the only certain elwek 
on grid modulation. 

e COMMON TROUBLES IN THE 
PHONE TRANSMITTER 

Noise and Hum on Carrier 

Noise and hum may be detected by listen-
ing to the signal on a receiver, provided the re-

ceiver is far enough away from the transmitter 
to avoid overloading. The hum level should be 
low compared with tlw voice at 100 per cent mod-
ulation. Hum may come either from the speech 
amplifier and moilulator or from the r.f. section 
of the transmit ter. Ii uni from the r.f. section can 
be del eeted by completely shut t ing off the modu-
lator: if hunt remains when this is done, the 
power-supply filters for one or more of the r.f. 
stagits have insufficient smoothing. With a hum-
free earlier, hum in by the modulator 
can be elii.cked by turning on the modulator but 
leaving the speech amplifier off; power-supply 
filtering is t he likely source of such hum. If carrier 
and modulator are both clean, connect the speech 
amplifier and observe the increase in hum level. 
If the hum disappears with the gain control at 
minimum, the hum is being introduced in the 
stage or stages preceding the gain control. The 
microphone also may pick up hum, a condition 
that can be rherked by removing the microphone 
from the circuit lint leaving the first speech-am-
plifier grid circuit 01 hem ise unchanged. A good 
ground (to a clad water pipe, for example) on 
the microphone and speech system usually is 
essential to hum-free operation. 

Spurious Sidebands 

A superheterotlyne reeeiver having a variable-
selectivity crystal filter is needed for checking 
spurious sidebands outside the normal commit-
ideation channel. The r.f. input to the receiver 
must be kept low enough, by removing the an-
tenna or by adequate separation from the trans-
mitter, to avoid overloading and consequent 
spiirious receiver responsi.s. An " S"-meter read-
ing of about half stale is satisfactory. With the 
crystal filter in its sharpest position tune through 
die region outside the normal channel limits (3 
to 4 kilocycles each side of the carrier) while 
another person talks into the microphone. 
Spurious sidebands will be observed as inter-
mit tent -clicks" or crackles well away from the 
(tallier frequeney. Sideliands more than 3 to 4 
kiloeyeles from the carrier should be of negligible 
strength, compared with the carrier, in a prop-
erly modulated phone transmitter. The catises 
are overmollulation or nonlinear operation. 
With sine-wave modulation the relative inten-

sities of sit lid ran be observed if a tone of 
1000 eycles or so is used, since the crystal filter 
readily ean ti r: frequencies of this order. 
The Ir will show how the spurious side 
fret tutneies (t llose spaced more than the modu-
lating fritimiqicy from tile carrier) compare with 
the carrier itself. M'ithout an " S"-meter, the 
a.v.c. should he turned off and the b.f.o. turned 
on: then the r.f. gain should be set to give a mod-
erately strong beat note with the carrier. The 
intensity of side fret policies can be estimated 
from the relative strength of the beats as the 
receiver is tuned through the spectrum adjacent 
to the carrier. 

As an alternative to the sharp crystal filter, 
a Q-multiplier adjusted for sharpest selectivity 
ean give equivalent rmdts in analyzing the 
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spectrum of the signal if the same care is used 
to prevent overloading and spurious receiver 
responses. This generally requires keeping the 
r.f. and i.f. gain low. 

Receivers having steep-sided band-pass filters 
for single-sideband reception can be used, but 
the technique is more difficult. If the band pass 
is, say, 3 ke., the signal should first he tuned in 
with the carrier placed at one edge of the pass 
band. If it is placed at the low edge, for example, 
the receiver should then be tuned 3 ke. higher 
so its response will be in the region just outside 
the normal spectrum space occupied by one 
sideband. Any " crackles" heard in this region 
represent the results of nonlinearity or over-
modulation. This assumes that the precautions 
mentioned above with respect to receiver over-
loading have been carefully observed. 

R.F. in Speech Amplifier 

A small amount of r.f. current in the speech 
amplifier — particularly in the first stage, which 
is most susceptible to such r.f. pickup — will 
cause overloading and distortion in the low-level 
stages. Frequently also there is a regenerative 
effect which causes an audio-frequency oscillation 
or " howl" to be set up in the audio system. In 
such cases the gain control cannot be advanced 
very far before the howl builds up, even though 
the amplifier may be perfectly stable when the 
r.f. section of the transmitter is not turned on. 
Complete shielding of the microphone, micro-

phone cord, and speech amplifier is necessary to 
prevent r.f. pickup, and a ground connection 
separate from that to which the transmitter is 
connected is advisable. 

If the transmitter is " hot" with r.f., the 
cause usually is to be found in the method of 
coupling to the antenna. Any form of coupling 
that involves either a direct or capacitive con-
nection between the transmitter and the trans-
mission line is likely to cause the transmitter 
chassis to assume an r.f. potential above ground 
because of " parallel" type currents on the line. 
An earth connection to the transmitter does not 
always help in such a case. The best remedy is 
to use inductive coupling between the trans-
mitter and line, a matching circuit such as is 

described in the chapter on transmission lines 
being suitable. 

• MODULATION MONITORING 
It is always desirable to modulate as fully as 

possible, but 100 per cent modulation should 
not be exceeded — particularly in the down-
ward direction — because harmonic distortion 
will be generated and the channel width in-
creased. This causes unnecessary interference to 
other stations. The oscilloscope is the best instru-
ment for continuously checking the modulation. 
However, simpler indicators may be used for the 
purpose, once calibrated. 
A convenient indicator, when a Class B modu-

lator is used, is the plate milliammeter in the 
Class B stage, since the plate current of the mod-
ulator fluctuates with the voice intensity. Using 
the oscilloscope, determine the gain-control set-
ting and voice intensity that give 100 per cent 
modulation on voice peaks, and simultaneously 
observe the maximum Class B plate-milliam-
meter reading on the peaks. When this maximum 
reading is obtained, it will suffice to adjust the 
gain so that it is not exceeded. 
A high-resistance (1000-ohms-per-volt or more) 

rectifier-type voltmeter (copper-oxide or ger-
manium type) also can be used for modulation 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly cali-
brated against the oscilloscope to determine the 
reading that represents 100 per cent modulation. 
The plate milliammeter of the modulated 

r.f. stage also is of value as an indicator of over-
modulation. As explained earlier, the d.c. plate 
current stays constant if the amplifier is linear. 
When the amplifier is overmodulated, especially 
in the downward direction, the operation is no 
longer linear and the average plate current will 
change. A flicker of the pointer may therefore be 
taken as an indication of overmoduktion or non-
linearity. However, since it is possible that under 
some operating conditions the plate current will 
remain constant even though the amplifier is 
considerably overmodulated, an indicator of this 
type is not wholly reliable unless it has been 
checked against an oscilloscope. 
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CHAPTER 11 

Suppressed-Carrier and 

Single-Sideband Techniques 

A fully mcdulated a. m. signal has two-thirds 

of its power in the carrier and only one-third 
in the sidebands. The sidebands et:rry the in-

telligetwe to be transmitted: the carrier "goes 

along for t he ride" and serves only to demodulate 

the signal at the receiver. I 3y eliminating the 
mule'. and transmitting only the sidebands or 

just one sideband, the available transmitter 

power is used to greater advantage. The carrier 
must be reinserted at the receiver, but this is 

no great prtildem. ; is explained later rimier 

"Iteeeiving Suppred-( trrier Signals." 

Assuming t hat I lie same linal-amplifier tul)e or 

tubes are used either for normal :E.rn. or for 
single sidel dint, currier suppressed, it can be 

shown that the use of s.s.b. can give an effective 
gain of up to db. OV(T a.m. — equivalent to 

inereasing tlii t innsmitt power S titis. 
idling iiie earlier also eliminates t he heterodyne 

interfentme that, so often sprils communication 
in ( congested phone bands, 

• DOUBLE-SIDEBAND GENERATORS 
ratTiet can be suppre,sed or nearly elimi-

nated by an extremely sharp filter or Icy using a 

balanced modulator. The basic. principle in any 

Imhtnced moduktor is to int t•' ti lure the currier in 

sueh a wa.v that it iii ilS ,01 ac1 )1)ear in the olftPlIt 
but sir that till. side! 'ands will. This requirement 
is satisfied by introcluring the auclio in push-pull 

and the r.f. drive in parallel, and connecting the 

output in push-pull. lialanced modulators can 
also be connected unit the r.f. chive and audio 

inputs in push-pill and the output in parallel 

with equal effectiveness. The a Ind:weed 
Mot lulator circuit is generally determined Ity con-

structional considerations and the method of 

modulation preferred by the builder. Vacuum-

tube balanced modulators can be operated at 

high ' timer levels aml the douhle-sitlehm nil out-

put can be used directly into the antenna. A 

ils. it. signal can be copied by the sanie methods 
that are used for single-sicleband signals, pro-
vided the ti'' \'i has sufficient selectivity to re-
ject one of the sidebands. 

In any balanced-modulator circuit there will 
lw no otitpul nitit no audio signal. \\lien push-

pull audio is applied, the balance is upset, and one 
branch will conduct more than tlic• other. Since 

any modulation process is the same as " mixing" 

in receivers, sum arid differenve fricquencies (side-
liards) will be generated. The modulator is not 

I calanceil for the sidebands, and they will appear 

in the output. 
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In the reef ifier-tvpe balanet4I modulators 
shown in Fig. 1 1-1, ihe diode rectifiers are con-

nected in stitch a manner tluit, if they have equal 

forwa ,d rosisittiaa.s. no r.f, van pass from the 
r r `r scilli -tm. tor t } H. output circuit via either of 

f-CYARZ 
(A) 

1000 .001 

OUTPUT 

T. 

TO01 

330 330 

rCArI -sZiER (B ) 

Fig. 11 -1 — Typical rectifier-type balanced modulators. 

The circuit at A is called a " bridge" balanced modulator 
and has been widely used in commercial work. 

The balanced modulator at B is shown with constants 
suitable for oFeration at 450 kc. It is useful for working 
into a crystal bandpass filter. Ti is a transformer designed 
to work from the audio source into a 600-ohm load, and 
T2 is an ordinary i.f. transformer with the trimmer recon-
nected in series with a 0.001-0. capacitor, for impedance-
matching purposes from the modulator. The capacitor CI is 
for carrier balance and may be found unnecessary in some 
instances— it should be tried connected on either side of 
the carrier input circuit and used where it is more effective. 
The 250-ohm potentiometer is normally all that is required 
for carrier balance. The carrier input should be sufficient to 
develop several volts across the resistor string. 

The balanced modulator circuit at C is shown with 
constants suitable for operation at 3.9 Mc. T3 is a small 
step-down output transformer (UTC R- 38A), shunt-fed to 
eliminate d.c. from the windings. Lt can be a small cou-
pling coil wound on the "cold" end of the carrier-oscillator 
tank coil, with sufficient coupling to give two or three volts 
of r.f. across its output. L2 is a slug-tuned coil that resonates 
to the carrier frequency with the effective 0.001 µf. across 

it. The 1000-ohm potentiometer is for carrier balance. 



Suppressing the Carrier 

R.F. 
o 

EJI-PLIT 

Fig. 11-2—A twin-diode balanced-modulator circuit. 
This is essentially the some as the circuit in Fig. 11-1C, 
and differs only in that a twin diode is used instead of 
dry rectifiers. The heater circuit for the twin diode can 
be connected in the usual way (one side grounded or 

center tap grounded). 

the two possible tilt its. The net effect is that no 
r.f. energy appears in the output,. When audio is 
applied, it unbalances the eircuit by biasing the 
diode (or diodes) in one path, depending upon the 
instantaneous polarity of the audio, and hence 
some r.f. will appear in the output. The if. in the 
output will appear as a doulde-sideband sup-
pressed-carrier signal. (For a more complete 
description of diode-modulator operation, see 
"I/iode Modulators," QS7', April, 1953, p. 39.) 

In any diode modulator, the r.f. voltage slit odd 
be at least 6 or 8 times the peak audio voltage, for 
minimum distortion. The usual operation in-
volves a fraction of a volt of atulio and several 
volts of r.f. The diodes should be matched as 
closely as possible — ohmmeter measurements 
of their forward resistances is the usual test. 

(The circuit of Fig. 11-1B is described more 
fully in Weaver and Brown, " Crystal Lattice 
lilt its for Transmuting and ite,...iving, ie QS71, 

August, 1951. The eirroit of Fig. 1 l-1(' is suitable 
for use in a dou) ile-balanced-modulator circuit 
and is so described in " SS11, Jr.," General Electric 
limn News, September, 195( t.) 

Vacuum-tul st diodes ran also be used in the 
two- and hmr-diode balanced-modttlator eh:cults, 
and many operators consider them superior to t•he 
dry rectifier iii hits. A typical balanced modu-
lator circuit using a twin ' hide (6AI,5, (916, 
et (..) is shown in Fig. 11-2. In phasing-type s.s.b. 
generators (deserilsml later) t wo of these modu-
lators are required, and they are usually \ vorked 
into a ('ommon output circuit. ( For a description 
of a complet,, s.s.b. exciter using GA L5 balanced 
modulators, see Vitale, " Cheap anti 1:tsy 
S.S.B.," Q.'7', March, 1956, and May, 1958.) 

I form of alanced modulator uses a 
"beam-deflection" tube, and it is capable of 
high degrees of carrier suppressitst (60 ill .) with 
good output (4 volts peak-to-peak) and low dis-
tortion (45 db.). A typical circuit, useful in the 
frequency range 250 to 5000 he., is shown in Fig 
11-3. A carrier signal of 10 volts p:utk-to-peak is 
applied to the No. 1 grid, and a maximum audio 
signal of 2.8 volts peak-to-peak is introduced at 
one of the deflector electrodes: the other di.11(4.tor 
is bypassed. With no audio signal, the out nit 
can be minimized by adjustment of the balance 
controls R1 and R2. When the balance is upset by 

an audio signal, the beam is deflected back and 
forth between the two plates, and a double-
sideband suppressed-carrier signal appears in 
the otitput. 

Since stray magnetic fields may upset the bal-
ance, the 7360 should be mounted as far as pos-
sible from components with magnetic fields. Plate 
and deflection-electrode circuits should be sym-
metrical to minimize capacitive unbalance. 

• SINGLE-SIDEBAND GENERATORS 
Two basic systems for generating s.s.b. signals 

are shown in Fig. 11-4. One involves the use of a 
bai il  filter having sufficient sgq(4.tivity to pass 
one sideband and reject the other. Filters having 
such characteristics can only be constructed for 
relatively low frequencies, and most filters used 
by amateurs are designed to work somewhere 
around 500 kt'. Good sideband filtering can 
be done at frequencies as high as 5 Mc. by using 
multiple-crystal flit ( Is. The low-frequency oscil-
lator output is combined with the audio output 
of a speech amplifier ill a balang•ed modulator, 
and only the upper and lower sil') ands appear 
in the output. One of the sidebands is passed 
by the filter and the other rejected, so that an 
s.s.b. signal is fed to the mixer. The signal is 
there mixed with the output of a high-frequency 
r.f. oscillator to produce the desired output fre-
quency. For additional amplification a linear r.f. 
amplifier ( Class A or Class B) must be used. 
When the s.s.b. signal is generated around 
500 he, it may be necessary to convert twice to 
reach the operating frequency, since this sim-

OUTPUT 
Z CIRCUIT 

2Se OR FILTER 

.001 

Fig. 11-3—A beam-deflection balanced modulator works 
well to 5 Mc., giving excellent carrier suppression with low 
distortion. Capacitances are in tif. 

C1, Ca—To resonate output circuit or filter. 
RI—Carrier balance control. 
Ra—Quadrature balance contra'. 
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11- SIDEBAND 

plifies the problem of rejecting the "image" 
frequencies resulting from the heterodyne pnk-
ess. The problem of image frequencies in the 
frequency conversions of s.s.b. signals differs 
from the problem in receivers because the beat-
ing-oscillator frequency becomes important. 
Eit her balanced modulators or sufficient selec-
tivity must be used to attenuate these frequen-
cies in the output and hence minimize the pos-
sibility of unwanted radiations. ( Examples of 
filter-type exciters can be found in QS 7' for 
June, 1958, and January, 1956.) 
The second system is based on the phase rela-

tionships between the carrier and sidebands in a 
modulated signal. As shown in the diagram, the 
audio signal is split into Iwo components that are 
identical except for a phase difference of 90 de-

LOW FREQ 
RF 

OSCILLATOR 

r. 

f LOW RF 

AUDIO N. 
AMPLIFIER 

BALANCED 

MODULATOR 

,11,1 111,11'1 

D- AUDIO 
AMPLIFIER 

SIDEBAND 
FILTER 

level can be increased in a following amplifier. 
Properly adjusted, either system is capable of 

good results. Arguments in favor of the filter sys-
tem are that it is somewhat easier to adjust with-
out an oscilloscope, since it requires only a re-
ceiver and a v.t.v.m. for alignment, and it is more 
likely to remain in adjustment over a long period 
of time. The chief argument against it, from the 
amateur viewpoint., is that it requires quite a few 
stages and at least one frequency conversion after 
modulation. The phasing system requires fewer 
stages and can be designed to require no fre-
quency conversion, but its alignment and adjust-
ment are often considered to be a little " trickier" 
than that of the filter system. This probably 
stems from lack of familiarity with the system 
rather than any actual difficulty, and now that 

f LOW R F 

90° PHASE 
SHIFT 

NETWORK 

(B) 

(A) 

JJ— 
LOW RF 

II 

I BALANCED 
MODULATOR 

tAuDio 

901 DIFFERENCE 

A,,Av 
BALANCED 
MODULATOR 

t AUDIO 

1,1 F 
OSCILLATOR 

DIFFERENCE 

11111111111,111111 1111,11 
MIXER H 

HIGH - FREQ 
RF 

OSCILLATOR 

LIN EAR 
RF 

AMPLIFIER 

HIGH RF 

f RF 

90° R F 
PHASE 
SHIFT 

LINEAR 
RF 

AMPLIFIER 

RF 

f HIGH RF 

Fig. 11-4—Two basic systems for generating single-sideband suppressed- carrier signals. Representations of a typical 
envelope picture (as seen on an oscilloscope) and spectrum picture (as seen on a very selective panoramic receiver) are 

shown above and below the connecting links. 

grecs. The output of the r.f. oscillator (which may 
be at the operating frequency, if desire(l) is like-
wise split into two separate ronwonents having a 
90-degree iilinse difference. One r.f. and one audio 
component are combined in each of two separate 
balanced modulators. The carrier is suppressed in 
the modulators, and the relative phases of the 
sidebands are such that one sideband is balanced 
out and the other is augmented in the combined 
output. If the output from the balanced modu-
lators is high enough, sueh an s.s.b. exciter can 
work directly into the antenna, or the power 

commerial preadjusted audio-phasing networks 
are : v: i 1:t ble, most of the alignment difficulty 
has curl eliminated. In most cases the phasing 
system will cost less to apply to an existing 
transmitter. 

Regardless of the method used to generate a 
s.s.b. signal of 5 or 10 watts, the minimum cost 
will be found to be higher than for an a.m. trans-
mitter of the same low power. However, as the 
power level is increased, the s.s.b. transmitter 
becomes more economical than the a.m. rig, both 
initially and from an operating standpoint. 
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Phasing-Type Exciters 

Phasing-Type S.S.B. Exciters 

It should be obvious that a phasing-type 8.5.1). 
exciter can take many forms, but in general it 
will consist of a speech amplifier, audio phase-
shift network, audio amplifier, balanced modula-
tors, r.f. source, r.f. phase-shift network, and 
r.f. amplifier. If operation on a band other than 
that of the r.f. source, a mixer. stage will also be 
required, for heterodyning the signal to the de-
sired frequency. Since there are several balanced-
modulator, audio- and r.f. phasing r•ircuits, it is 
apparent that many different combinati,,ns are 
available. t hi' simplest of all vombiliat ions 
is that shown in Fig. 11-5. 

Referring to Fig. 11-5, the speech amplifier 
builds up the signal from a crystal microphone 

SPEECH AMP 
12AT7 

6 

1 16/450V 

05C OR AMP 
12AU7 

-- 
I __, J  

TI—Single plate to push-pull grid, 1:3 ratio (Stancor 
A53C). 

Ts, T3-6-watt universal output transformer, 30 ohms 
output (UTC R-38A). 

OR VFO 

J-7  

47K 8 .001 

270 

/7' 

SPEECH AMP 
12AU7 

.05 GAIN green 

33K 

$300 

to a useful level. The audio signal is then fed to 
an mull() phase-shift net work, PSX, whiell ap-
plies equal-amplitude audio signals 90 (II gules 
out of phase to tlie grids of tile 121T7 au dio 
amplifier. The two audio signals, 90 degrees out 
of phase, are applied to b t wo alanced modulators 
that have their out in parallel (L3). The r.f. 
exeitaticm to the b ned alac modulators is also 
00 degrees out of phase, obtained by coupling 
m fro the two tuned circuits at L1 and Lz. A 

6AG7 linear amplifier, o!)erat 111g Class A B1, fol-
lows the balaneed-mollulator stage and provides 
about 5 watts peak envelope output. 
The gain control in the speech amplifier sets 

the gain to the proper level, depending upon the 
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microphone and how the operator uses it. Since 
the audio phase-shift network, PS.V, has un-
equal gains through its two channels, unequal-
amplitude audio is required at the input to 

Fig. 11-6—Schematic of the phase-shift network marked 
PSN in Fig. 11-5. Resistors and capacitors should be 

within 1 per cent of values shown. 

obtain equal signals in the output. This is ob-
tained through proper adjustment of the 1(M-ohm 
input audio balance control. To compensat e for 
lack of uniformity in audio-amplifier gains, a 
500-ohm audio balance control is priividc.1 in the 
cathode of a 12AT7 section. Hf. 
is obtained by proper setting of the 1000-ohm 
carrier balance controls. The sideband in use 
(upper or lower) is selected by Si, which reverses 
the audio signal in one of the channels. The r.f. 
phasing adjustment is obtained by the tuning 
of Li and L2. 

Construction 
There are a few constructional precautions 

that should be observed in a unit of this type. 
Transformers 7'2 and 7% should preferably be 
mounted at right angles to each other, 
to minimize stray coupling. The 1N52 
germanium diodes used in the balanced 
modulator should be checked for for-
ward and back resistance with an ohm-
meter, and the forward resistances ( the 
lower readings) should agree within 10 
per cent. The leads from the coupling 
loops at LI and L2 Sh011id return to the 
balanced modulator stage in twisted 
pairs, and the grounding precaution 
mentioned in Fig. 11-5 should be ob-
served. Coils Li and L2 should be 
mounted parallel to each other and 
with a separation of about 1 2 diam-
eters — L3 and L4 should be mounted 
to minimize coupling between them 
and L5 and the oscillator coils. This 
can be accomplished by providing 
shielding or using the chassis deck to 
separate them. 

Although slug-tuned coils are shown 
in the schematic, capacitance-tuned 
circuits can of course be used. Approxi-
mately the same L/C ratios should be 
retained, however. If operation on 
another amateur band is desired, the 
tuned circuits can be modified accord-
ingly, retaining the same L/C ratios, 

or the output of this unit can be heterodyned to 
the different band. 

Adjustment 

If v.f.o. operation is to be used, the v.f.o. signal 
should furnish at least 10 volts r.m.s. at the 
terminals. With crystal control, plug in a crystal 
and tune L1 until the circuit oscillates, as indi-
cated by a signal in a receiver tuned to the proper 
frequency, and then tune the circuit to a slightly 
higher frequency. With v.f.o. operation, the 
circuit is is in the usual manner, as indi-
cated by a plate-current minimum. 
The output from the 6AG7 stage can be 

checked on an oscilloscope or on a receiver. The 
method of coupling an oscilloscope or receiver to 
the exciter is shown in Fig. 11-7. When connect-
ing to an oscilloscope, a tuned circuit is required, 
and the r.f. voltage developed across the tuned 
circuit is applied directly to the vertical deflec-
tion plates. The receiver is connected by cou-
pling loosely through a loop and length of shielded 
cable; when further attenuation is required it is 
obtained through the use of resistors at the 
receiver input terminals. 
With the oscillator running, tune the balanced 

modulator and 6AG7 circuits for maximum out-
put — tisis resonates these circuits. Next adjust 
the carrier balance potentiometers for minimum 
output. Then introduce a single audio tone of 
around 1000 cycles at the microphone terminal. 
Here again it may be necessary to use a resistance 
voltage divider to hold the signal down and pre-
vent overload. Advance the gain control and 
check the voltage at Pins 2 and 7 of the 12AT7 
audio amplifier with a v.t.v.m. If they are not 

\  \ 0 5 "leg 
AUDIO 4  

\OSCIU.ArOR o  

wick 
RESONATE 
TO BAND IN 
USE 

DUMMY 1..0A0 

.001 

OSCILLOSCOPE 

Fig. 11-7—Fundamental arrangement for using an oscilloscope 
and or receiver when testing an s.s.b. exciter or transmitter. An audio 
oscillator is required to furnish the audio signal, and its output is best 
controlled by the external control /21 The audio volume control in the 
s.s.b. exciter should not be turned on too far, or it should be set at the 
normal position if you know that position, and all volume controlling 
should then be done with RI and the output attenuator of the audio 
oscillator. This will reduce the chances of overloading the audio and 
other amplifier stages in the exciter, a common cause of distortion. 

The oscilloscope is coupled to the dummy load through a loop, 
length of coaxial line, and an 1.-C circuit tuned to the operating fre-
quency. It is necessary to go directly to the vertical deflection plates 
of the oscilloscope rather than through the vertical amplifier. 

The receiver is coupled to the dummy load through a loop and a 
length of shielded line. If too much signal is obtained this way, an 
attenuator, R2R3, can be added to the input terminals of the receiver. 
Small values of RS and large values of /23 give the most attenuation; 

in some cases Ra might be merely a few inches of solid wire. 
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(A) (B) (c) (D) 
Fig. 11-8—Sketches of the oscilloscope face showing different conditions of adjustment of the exciter unit. (A) shows 
the substantially clean carrier obtained when all adjustments are at optimum and a sine-wave signal is fed to the audio 
input. (8) shows improper r.f. phase and unbalance between the outputs of the two balanced modulators. (C) shows 

improper r.f. phasing but outputs of the two balanced modulators equal. ( D) shows proper r.f. phasing but unbalance 
between outputs of two balanced modulators. 

equal, adjust the 100-ohm audio balance control 
until they are. Listening to the signal, from the 
6AG7, or looking at it on the scope, should give 
a modulated signal. Try various settings of L2 
until the modulation is minimized, as well as 
touching up the 500-ohm audio balance control. 
With the v.t.v.m. check the r.f. voltages at the 
arms of the 1(XX)-olun carrier balance potenti-
ometers — they should be about the same. If not, 
they can be brought into this condition by read-
justment of the tuning conditions which, how-
ever, must be kept consistent with minimum 
modulation on the output signal. 
The s.s.b. signal with single-tone audio input 

is a steady unmodulated signal. While it may not 
be possible to eliminate the modulation entirely, 
it will be possible to get it down ti a satisfactorily 
low level. Conditions that will prevent this are 
improper r.f. phasing, lack of carrier balance 
(suppression), distortion in the audio signal (at, 
the source or through overload in the speech 

amplifier), and lack of audio balance at the 
12AT7 audio amplifier. Of these, the r.f. phasing 
is perhaps the most critical. 
A final cheek on the signal can be made with 

the receiver in its most selective condition. The 
spectrum testing described below cannot be done 
with a broad receiver. Examining the spectrum 
near the signal, the side signals other than the 
main one ( carrier, unwanted sideburn's, and side-
bands from audio harmonies) should be at least 
30 db. down from the desired signal. This check-
ing can be done with the S-meter and the a.v.c. 
on — in the earlier tests the a.v.e. should be off 
but the r.f. gain reduced low enough to avoid 
receiver overload. 

Examples of the proper and improper scope 
patterns are shown in Fig. 11-8. 

(For an extensive treatment of the alignment 
of commercial phasing-type s.s.b. exciters, see 
Ehrlieh, "How to Adjust Phasing-Type S.S.B. 
E\ • i t ( as," Q.ST, November, 1956.) 

Filter-Type S.S.B. Exciters 

The basic configuration of a filter-type s.s.b. 
exciter was shown earlier in this chapter ( Fig. 
11-4). Suitable filters, sharp enough to reject 
the unwanted sideband above a few hundred 
(veles, can Ire built in the range 20 kc. to 5 Mc. 
The low-frequency filters generally use iron-cored 
inductors, and the new toroid forms find con-
siderable favor at frequencies up to 50 or 60 ke. 
These filters are of normal band-pass constant-k 
and in-derived configuration. In the range 450 
to 500 kc., either crystal-lattiee or electro-
mechanical filters are used. Low-frequency 
filters are manufactured by Barker & Williamson 
and by Burnell & Co., and electromechanical 
filters am made by the Collins Radio Co. Crystal-
lattice filters are available from Hermes Eleetron-
ics in the megacycle range: homemade filters gen-
erally utilize crystals from ma :try surplus. 
The frequency of the filter 4 kt ermines how 

many eon versions must be made before the op-
erating frequency is reached. For example, if the 
filter frequency is 30 kc. or so, it is wise to convert 

first, to 500 or 600 kc. and then convert to the 
3.9-Me, band, to avoid the image that would 
almost surely result if the conversion from 30 
to 3900 kc. were made without the intermediate 
step. When a filter at 500 kc. is used, only one 
conversion is necessary to operate in the 3.9-Mc. 
band, but 14-Mc, and higher-frequency operation 
would require at least two conversions to hold 
down the images (and local-oscillator signals if 
balanced mixers aren't used) and make them easy 
to eliminate. 
The choice of converter circuit depends largely 

on the frequencies involved and the impedance 
level. At low frequencies (up to 500 kc.) and low 
impedances, rectifier-type balanced modulators 
are often used for mixers, because the balanced 
modulator does not show the local-oscillator fre-
quency in its output and one source of spurious 
signal is minimized. At frequencies at high im-
pedance levels, and at the higher frequencies, 
vacuum tubes are generally used, in straight 
converter or balanced-modulator circuits, de-
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11- SIDEBAND 

pending upon the ia.ed for minimizing the local-
oscillator frequem•y in the output. 

Low-frequeney sideband filters in the 30- to 
50-ke. range : ire usually low-impedance devices, 
and reel yis. balanced modulators are com-
mon practice. Sideband filters in the i.f. range 

DAL/ AED MOD 
I2AU7 

this can be nothing more elaborate than a 
shielded b.f.o. unit. The signal should be intro-
duced at the balanced modulator, and an output 
indicator connected to the plate eircuit of the 
vacuum tube following the filter. With the erys-
tals out of the circuit, the transformers can be 

AMPLIFIER OR 

CONVERTER 

TO CARRIER + 300 
OSCILLATOR 

Fig. 11-9—One type of balanced-modulator circuit that can be used with a mechanical 
filter (Collins F455-31 or F500-31 series) in the i.f. range. The filters are furnished in 
various types of mountings, and the values of CI and C2 will depend upon the type of 

filter selected. 
Ti—Plate-to-push-pull grids audio transformer. 

are higls.r-impedanee circuits and vacuum-tube 
balanced modulators are the rule in this case. 
An example of one that eau be used with the 
high -impedanee ( 15,1)00 ohms) mechanical filter 
is shown in Fig.It). The filter can be followed 
by a converter or aniplifier tube, depending upon 
tile signal level. Sont . models of the mechanical 
filters have a 23-db. insertion loss, while others 
have only 10. 

Crystal-lattice filters are also used to reject 
the unwanted sideband. These filters can be 

— — 

FROM 

BALANCED 

MODULATOR 

brought close to frequency by plugging in small 
capacitors ( 10 to 25 pd.) in one crystal socket 
in each stage and then tuning the transformers 
for peak output at one of the two crystal fre-
quencies. The small capacitors ean then be re-
moved and the crystals re hued in their sockets. 
Tuning the signal source slowly across the 

rxes band of the filter and watching the output 
indicator will show the seleetivity characteristic 
of the filter. The objective is a. fairly flat response 
for about two kc. and a rapid drop-off outside 

Fig. 11-10—A cascaded half-lattice crystal filter that can be used for sideband 
selection. The crystals are surplus type of FT-243A holders. Yi and Y3 should be the 
same frequency and Y2 and Y4 should be 1.8 kc. higher. TI, T2, T3-450-kc. i.f. 

transformers. 

made from crystals in the i.f. range — many of 
these are still availalde from stores selling mili-
tary surplus. A popular eonfiguration is the 
"caseadeg I half lattice" shown in Fig. 1 l-10. 
The crystals ustsl in this filter van be obtained at 
frequeneies in the if. range, and taws that are 
wit hin t he ranges of the modified i.f, t ransformers 
will be sat isfaelory. Two 10()-maf. capacitors are 
mimeo ed acn)ss t he secondary winding cf two of 
the transformers to give push-pull output. The 
crystals should ii titi Mel I in pairs 1.8 kc. apart. 
The i.f, transformers can be either capacitor-
tuned as shown, or Iley ,.; 1111)e slug-tuned. 
A variai le-frequency signal generator of some 

kind is required for alignment of the filter, but 

this range. It will be found that small changes in 
the tuning of the transfortmq.s will change the 
shape of the selectivity characteristir, so it is 
wise to make a small adjustment of one trimmer, 
swing the frequency across t he liand, and observe 
the characteristic. After a little exiwrimenting 
it will found which way the t rimmers must be 
moved to compensate for the peaks that will 
rise when the filter is out of tuljust ment. 
The (suppressed) carrier frequency must be 

adjusted so that it falls properly on the slope of 
the filter characteristic. If it is too rinse to the 
filter mid- frequency the sideband rejection will 
be poor; if it is too far away there will be a lack 
of "lows" in the signal. 
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• AMPLIFICATION OF S.S.B. SIGNALS 
When an s.s.b. signal is generated at some fre-

quency other than the operating frequency, it is 
necessary to change frequency by heterodyne 
methods. These are exactly the same as those 
used in receivers, and any of the normal mixer 
or converter circuits can be used. One exception 
to this is the case where the heterodyning oscil-
lator frequency is close to the desired output 
frequency. In this case, a balaneed mixer should 
he used, to eliminate the heterodyning oscillator 
frequency in the output. 
To increase t he power level of an s.s.b. signal, 

a linear amplifier must be used. A linear amplifier 
is one t hat operates wit h low distortion, and the 
low distortion is obtaiiied by flit. proper choice of 
tube and operating conditions. Physically there 
is little or no difference between a linear amplifier 
and any other type of r.f. amplifier stage. The 
circuit diagram of a tetrode r.f. amplifier is shown 
in Fig. I l-11: it is no different basically than the 
similar ones in Chapter Six. The practical differ-
ences can be found in the supply voltages for the 
tul )e and their special requirements. The proper 
voltagcs for a number of suitable tubes can be 
found in Table 11-I; filament-type tubes will re-
quire the addition of the filament bypass capaci-
tors and l'n) and the completion of the fila-
ment circuit by grounding the filament-trans-
former center tap. The grid bias, El, is furnished 
through an r.f. choke, although a resistor can be 
used if the tube is operated in Class ABI (no 
grid current). The screen voltage, E2, must be 
supplied from a " stiff" source (little or no voltage 
change with current change) which eliminates the 
use of a dropping resistor from the plate supply 
unless a voltage-regulator tube is used to stabilize 
the screen voltage. 
Any r.f. amplifier circuit can be adapted to 

linear operation through the proper choice of 
operating conditions. For example, the circuit in 
Fig. 11-11 can be modified by the use of different 

Fig. 11-11—Circuit diagram of a tetrode linear ampli-
fier using link- coupled input tuning and pi network 
output coupling. The grid, screen and plate voltages 
(E1, E2 and Ea) are given in Table 11-1 for a number 
of tubes. Although the circuit is shown for an indirectly-
heated cathode tube, the only change required when 
a filament type tube is used is the addition of the 
filament bypass capacitors Co and Cm. 

Minimum voltage ratings for the capacitors are 
given in terms of the power supply voltages. 

— Grid tuning capacitor, 3E, 
Ca—Neutralizing capacitor, 2E3. 
Ca—Grid-circuit bypass capacitor, part of neutralizing 

circuit, 3Ei. 
C4—Plate tuning capacitor, 1.5E3. 
Cs—Output loading capacitor. 0.015 spacing for kilowatt 

peak. 
Cg—Plate coupling capacitor, 2E3. 
Cr— Screen bypass capacitor, 2E2. 

PUT 

input and/or output coupling circuits, or by the 
use of another neutralizing scheme, and the re-
sultant amplifier will still be linear if the proper 
operating conditions are observed. A triode or 
pentode amplifier circuit will differ in detail; 
typical circuits can be found in Chapter Six. 
The simplest form of linear amplifier is the 

Class A amplifier, which is used almost with-
out exception throughout receivers and low-level 
speech equipment. (See Chapter Three fnr an 
explanation of the classes of amplifier operation.) 
While its linearity can be made relatively good, 
it is inefficient. The theoretical limit of efficiency 
is 50 per cent, and most practical amplifiers run 
25-35 per cent efficient at full output. At low 
levels this is not worth worrying about, but when 
the 2- to 10-watt level is exceeded something 
else must be done to improve this efficiency and 
reduce tube, power-supply and operating costs. 

Class A131 amplifiers make excellent linear am-
plifiers if suitable tubes are selected. Primary ad-
vantages of Class A131 amplifiers are that they 
give much greater output than straight Class A 
amplifiers using the same tubes, and they do not 
require any grid driving power (no grid ('urrent 
drawn at any time). Although triodes can be used 
for Class AB, operation, tetrodes or pentodes are 
usually to be preferred, since Class A131 operation 
requires high peak plate current without grid 
current, and this is easier to obtain in tetrodes 
and pentodes than in most triodes. 
To obtain maximum output from tetrodes, 

pentodes and most triodes, it is necessary to op-
erate them in Class A132. Although this produces 
maximum peak output, it increases the driving-
power requirements and, what is more important, 
requires that the driver regulation (ability to 
maintain wave form under varying load) be good 
or excellent. The usual method to improve the 
driver regulation is to connect a fixed resistor, 
RI, across the grid circuit of the driven stage, to 
offer a load to the driver that is modified only 
slightly by the additional load of the tube when 

C6 Lz 

RFC, 

OUT 

Cs 

Co—H.v. bypass capacitor, 2E3. 
Co, Cm—Filament bypass capacitor. 

1,—Grid inductor. 
La—Plate inductor. 

Rn — Grid circuit swamping resistor, required for AB. 
See text. 

RFC,—Grid-circuit r.f. choke. 

PFC2—Plate r.f. choke. 
Ti — Filament transformer. 
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TABLE 11-I - LINEAR-AMPLIFIER TUBE-OPERATION 

Except where otherwise noted, ratings are manufacturers for audio operation. Values given are for one tube. 

DATA 

Driving 

Peak R.F. 
Grid 

Voltage 

FOR SINGLE SIDEBAND 

powers represent tube I o My-circuit losses will increase the figures. 

Tube Class Plate 
Voltage 

Screen 
Voltage 

D.C. Grid 
Voltage 

Zero-Sig. 
D.C. Plate 
Current 

Max.-Sig. 
D.C. Plate 
Current 

Zero-Sig. 
D.C. Screen 

Current 

Max.-Sig. 
D.C. Screen 

Current 

Max.-Sig. 
D.C. Grid 
Current 

Max.-Sig. 
Driving 
Power 

Max.-Rated 
Screen 

Dissipation 

Max.-Rated 
Grid 

Dissipation 
Avg. Plate 
Dissipation 

Max.-Sig. 
Useful Power 

Output 

2E26-  ABI 500 200 - 25 9 45 .-- lo 25 0 o 2:5 — — 15 
6146 
6883 AB, 

600 
750 

200 
200 

- 50 
- 50 

14 
12 

115 
110 

.s 

.5 
14 
13 

50 
50 

o 
0 

o 
o 

3 
3 

ii 
25 

— 47 
60 

CO? 
1625 A82 

600 
750 

300 
300 

- 30 
- 32 

30 
26 

100 
120 

.4 

.3 
6 
e 

39 
46 — 

.1 

.1 
3.5 
3.5 

25 
30 

40 
60 

1000 — o 22 175 93 — 3.8 — 65 124-
811-A B 1250 — o 27 175 — 88 13 3.0 — 65 1.55 

1500 — - 4.5 16 157 — 85 -.-- 2.2 --- — 65 170 
1500 300 - 551 35 2003 453 150 15 2.33 10 S 60 130 

4-65A A112 2000 400 - 801 25 2702 653 190 20 3.83 10 5 .65 300 
2500 500 -105 1 20 2302 453 165 8 1.33 10 5 65 325 

7094 AB, 2000 400 - 50 30 200 — 35 44 o 48 20 --.- 250 
AISI 2500 750 - 95 25 145 --- 27 90 0 0 — 245 

813 2250 750 - 90 23 158 .8 29 15 •••.- .1 22 100 258 A82 2500 750 - 95 18 180 .6 28 118 ••••• .2 22 125 325 
2000 615 -1051 40 135 ( 100)4 -.-- 14 (4.0). 105 o 0 20 — 150 

AI31 2500 555 - 100' 35 120 (85)4 —• 10 (3.0)4 100 o o 20 — 180 

4-125A 
3000 

--1500 

510 - 951 30 105 (75)4 — 6.0 ( 1.5)4 95 o 0 20 — — 200 
350 - 41 1 44 200 0 

---- 
17 141 9 1.25 20 s 125 175 

AB, 2000 350 - 45 1 36 150 0 3 105 7 .7 20 5 125 173 
2500 350 - 431 47 130 o 3 89 6 .3 20 5 122 200 

7034/ 1000 300 - -so 50 225 0 11 50 o 0 12 --- 115 
AB, 1500 300 - 50 50 225 0 11 50 o o 12 200 

4X150A 1800 300 - 50 50 225 o 11 50 o o 12 250 
2500 600 -115 65 230 ( 170)1 ..- 15 (3.5)4 115 o o 35 335 

AB, 3000 
3500 

600 
555 

-110 
-105 

55 
45 

210 ( 150)4 
185 ( 130)1 

.--- 
+— 

12 (2.5)4 
9.5 (2.0)+ 

110 
105 

0 
0 

0 
0 

35 
35 — 

400 
425 

4-250A 
4000 510 -100 40 165 ( 115). — 7.5 ( 1.5)+ 100 0 0 35 — — 450 
1500 300 - 481 SO 

_ . 
243 0 

- 
17 96 11 1.1 35 10 150 214 

A131 2000 
2500 

300 
300 

- 481 
- 51 1 

60 
60 

255 
250 

o 
0 

13 
12 

99 
100 

12 
11 

1.2 
1.1 

35 
35 

13 
10 

185 
205 

325 
420 

3000 300 - 53, 63 237 0 17 99 10 1 35 10 190 520 
15u0 -1181 135 286—  — 118 o o — — — 128 

304TL AB, 2000 
2500 

-1701 
- 2301 

100 
80 

273 
242 

170 
230 

o 
0 

o 
0 

— 
-- 

245 
305 

3000 - 2901 65 222 290 o o 365 
2500 - 601 40 300 180 80 706 550 

PL-6569 8s 3500 - 901 30 270 220 68 756 760 
4000 _ -105 1 24 250 205 42 606 — 800 
2500 - 50 60 350 195 95 756 — 610 

PL-6580 Ils 3500 — - 85 45 300 — 210 65 684 — — 765 
4000 — -100 40 300 — — 230 65 72" — 910 
2000 

. 
501› - 110 - 200 800 9 48 110 0 o 35 — 

_ 
1U20 

PL- 172 AB, 2500 5002 -110 220 800 9 43 110 o o 35 1280 
3000 5002 -115 220 780 9 41 110 o o 35 1540 

I Adjust to give stated zero-signal plate current. 3 Grounded-grid circuit. 
' Single-sideband suppressed-carrier otings, voice signal. 'Includes bios loss, grid dissipation, and feed. hrough power. 
' Approximate value. 2+75 V. suppressor grid. 
. Values in parentheses are with two tone test signal. '60 Mc. 
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it is driven into the grid-current region. This in-
creases the driver's output-power requirements. 
Further, it is desirable to make the grid circuit 
of the Class AI32 stage a high-C circuit, to im-
prove regulation and simplify coupling to the 
driver. A " stiff" bias source is also required, 
since it is important that the bias remain con-
stant, whether or not grid current is drawn. 

Class B amplifiers are theoretically capable of 
78.5 per cent Pflivienpy at full output, and practi-
cal amplifiers run at 60-70 per cent efficiency at 
full output. Triodes normally designed for Class 
B audio work can be used in r.f. linear amplifiers 
and will operate at the same power rating and 
efficiency provided, of course, t hat the tulw is 
capable of operation at the radio frequency. The 
operating conditions for r.f. are sulxstantially the 
same as for audio work — the only difference is 
that the input and output transformers are re-
placed by suitable r.f. tank circuits. Further, in 
r.f. circuits it is readily possible to operate only 
one tube if only half the power is wanted — push-
pull is not a necessity in Class B r.f. work. 
However, the r.f. harmonies may be higher in 
the case of the single-ended amplifier, and this 
should be taken into consideration if TVI is a 
problem. 

F'or proper operation of Class A132 and B am-
plifiers, and to reduce harmonies and facilitate 
coupling, the input and output circuits should 
not have a low C-to-L ratio. A good guide to the 
proper size of tuning capacitor will be found in 
Chapter Six: in case of any doubt, it is well to be 
on the high-capacitance side. When zero-bias 
tubes are used, it may not be necessary to add 
much " swamping" resistance across the grid 
circuit, because the grids of the tubes load the 
circuit at all times. However, in A112 operation, 
the swamping resistor should be such that it dis-
sipates from five to ten times the power required 
by the grids of the tubes, insuring an almost con-
stant load on the driver stage and good regula-
tion of the r.f. grid voltage. In turn this means 
that at least five to ten times more driving power 
will be required than is indicated in Table 11-I. 
Where an excess of driving power is available, it 
is generally better to increase the loading (de-
crease the resistance of the swamping resistor) to 
the point where the maximum available driver 
power is utilized on peaks. 

Before going into detail on the adjustment and 
loading of the linear amplifier, a few general con-
siderations should be kept in mind. If proper 
operation is expected, it is essential that the 
amplifier be so constructed, wired and neutral-
ized that no trace of regeneration or parasitic 
instabilit y remains. Needless to say, this also ap-
plies to the stages ahead of it. 
The bias supply to the Class AB2 or B linear 

amplifier should be quite stiff, such as batteries 
or some form of voltage regulator. If nonlinearity 
is noticeu when testing the unit, the bias supply 
may be checked by means of a large electrolytic 
capacitor. Simply shunt the supply with 100 d. 
or so of capacity and see if the linearity improves. 
If so, rebuild the bias supply for better regula-

tion. Do not rely on a large capacitor alone. 
Where tetrodes or pentodes are used, the screen 

supply should have good regulation and its 
voltage should remain constant under the varying 
current demands. If the maximum screen current 
does not exceed 30 or 35 ma., a string of VR tubes 
in series can be used to regulate the screen voltage. 
If the current demand is higher, it may be neces-
sary to use an electronically regulated power 
supply or a heavily bled power supply with a 
current capacity of several times the current 
demand of the screen circuit. 
Where VR tubes are used to regulate the 

screen supply, they should be seInted to give a 
regulated voltage as Ouse as possible to the tube's 
rated voltage, but it ( loes not have to be exact. 
Minor differences in idling plate current can be 
made up by readjusting the grid bias. 
The plate voltage applied to the linear ampli-

fier should be held as constant as possible under 
the varying current-demand conditions. This con-
dition can be met by using low-resistance trans-
formers and inductors and by using a large value 
of output capacitor in the power-supply filter. 
An output capacitor value three or four times the 
minimum required for normal filtering (Chap-
ter Seven) is reasonable. Although some slight 
improvement can be obtained by using still 
higher values of output capacitance, the problem 
of turning on the supply without blowing fuses 
(from the initial surge) starts to become signifi-
cant. 
One should bear in mind that the same ampli-

fier can be operated in several classes of operation 
by merely changing the operating conditions 
(bias, loading, drive, screen voltage, etc.). How-
ever, when the power sensitivity of an amplifier 
is increased, as by changing the operation from 
Class A132 to Class A131, the stability require-
ments for the amplifier become stringent. 
From the standpoint of ease of adjustment and 

availability of proper operating voltages, a linear 
amplifier with Class ABI tetrodes or pentodes or 
one with zero-bias Class B triodes would be first 
choice. The Class B amplifier would require more 
driving power. ( For examples of Class ABI tet-
rode amplifiers, see Russ, " The ` Little Fire-
cracker' Linear Amplifier," QST, Sept., 1953, 
Eckhardt, " The Single Side-Saddle Linear," 
QS7', Nov., 1953, Wolfe and Roman(ler, "A 4X-
250B Linear," QS7', Nov., 1956, Muir, " Grounded-
Grid Tetrode Kilowatt," QS7', April, 1957, and 
Rinaudo, " Compact A131 Kilowatt," QS7', Nov., 
1957.) 
Table 11-I lists a few of the more popular tubes 

commonly used for s.s.b. linear-amplifier opera-
tion. Except where otherwise noted, these ratings 
are those given by the manufacturer for audio 
work and as such are based on a sine-wave 
signal. These ratings are adequate ones for use in 
S.S.)). amplifier design, but they are conservative 
for such work and hence do not necessarily rep-
resent the maximum powers that can be obtained 
from the tubes in voice-signal s.s.b. service. In no 
case should the average plate dissipation be ex-
ceeded for any considerable length of time, but 
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the nature of a s.s.b. signal is such that the aver-
age plate dissipation of the tube will run well 
below the peak plate dissipation. 

Getting the most out of a linear amplifier is 
done by increasing the peak power without ex-
ceeding the average plate dissipation over any 
appreciable length of time. This can be clone by 
raising the plate voltage or the peak current (or 
both), provided the tube can withstand the 
increase. However, the manufacturers have not 
released any data on such operation, and any ex-
trapolation of the audio ratings is at the risk of 
the amateur. A 35- to 50-per cent increase above 
plate-voltage ratings should be perfectly safe in 

Grounded-Grid Amplifiers 

It is not ne,,ssary to use indirectly heated 
cathode type ; 1;1)es in grounded-grid circuits, 
and filament-type tubes can be used just as effec-
tively. However, it is necessary to raise the fila-
ment above r.f. ground, and one way is shown in 
Fig. 11-12. Here filament chokes are used between 
the filament transformers and the tube socket. 
The inductance of the r.f. chokes does not have to 
be very high, and 5 to 10 eih. will usually suffice 
from 80 meters on down. The current-carrying 
capacities of the r.f. chokes must be adequate for 
the tube or tubes in use, and if the resistance of 
the chokes is too high the filament voltage at the 
tube socket may be too low and the tube life will 
be endangered. In such a ease, a higher-voltage 
filament transformer can be used, with its prim-
ary you; age cut down until the voltage at the tube 
soeket is within the proper limits. 

Filament chokes can be wound on ceramic or 
wooden forms, using a wire size large enough to 
carry the filament current without undue heat-
ing. Large cylindrical ceramic antenna insulators 
can be used for the forms. If enameled wire is 
used, it should be spaced from half the diameter 
to the diameter of the wire; heavy string can be 
used for this purpose. The separate chokes indi-
cated in Fig. 11-12 are not essential; the two 
windings ran lw wound in parallel. In this case 
it is not necessary to space all windings; the two 
parallel wires can be treated as one wire, winding 
them together with a single piece of string to 
space the turns. Enameled wire can be used be-
cause the enamel is sufficient insulation to handle 
the filament voltage. 
When considerable power is available for driv-

ing the grounded-grid stage, the matching be-
tween driver stage and the amplifier is not too 
important. However, when the driving power is 

most cases. In a tetrode or pentode, the peak plate 
current can be boosted some by raising the screen 
voltage. 
When running a linear amplifier at considerably 

higher than the audio ratings, the " two-tone test 
signal" (described later) should never be applied 
at full amplitude for more than a few seconds at 
any one time. The above statements about work-
ing tubes above ratings apply only when a voice 
signal is used — a prolonged whistle or two-tone 
test signal may damage the tube. ( For a method 
of adjusting amplifiers safely at high input, see 
Goodman, "Linear Amplifiers and Power Rat-
ings," QST, Augitst 1)57. ) 

With Filament-Type Tubes 

Fig. 11-12—When filament-type tubes are used in a 
grounded-grid circuit, it is necessary to use filament 
chokes to keep the filament above r.f. ground. In the 
portion of a typical circuit shown here, the filament chokes. 
RFC1 and RFC2, can be a manufactured unit (e.g., B&W 
FC15 or FC30) or homemade as described in the text. 
Total plate and grid current can be read on o milliammeter 

inserted at x. 

marginal or when the driver and amplifier are to 
be connected by a long length of coaxial cable, a 
pi network matching circuit can be used in the 
input of the grounded-grid amplifier. The input 
impedance of a grounded-grid amplifier is in the 
range of 100 to 400 ohms, depending upon t he 
tube or tubes and their operating conditions. 
When data for grounded-grid operation is avail-
able (as for two tubes in Table 11.-I), the input 
impedance can be computed from 

(peak r.f. driving collage) 2  
Z 

2 X driving power 

From this and the equations for a pi network, a 
SI III It network can be devised. 

Adjustment of Amplifiers 

One of the more important features of the 
linear amplifier is that the ordinary plate and 
grid meters are at best only a poor indicator of 
what is going on. As the meters bounce back and 
forth, even a person who is thoroughly familiar 
with this kind of amplifier would be hard put to 

sense whether the input power registered is 
attributable to (a) overdrive and undertow', 
which yield distortion, splatter, TVI, etc., or (b) 
underdrive and too-heavy loading, resulting in 
inefficiency and loss of output. 
The simplest and best way to get the whole 
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Adjustment of Amplifiers 

story is to make a linearity test: that is, to send 
through the amplifier a signal whose amplitude 
varies from zero up to the peak level in a certain 
known manner and then observe, by means of an 
oscilloscope, whether this same waveform comes 
out of the amplifier at maximum ratings. 

Test Equipment 

Even the simplest type of cathode-ray oscil-
loscope ea n be used for linearity tests, so long as 
it has the regular internal sweep circuit. If this 
instrument is not already part of the regular sta-
tion equipm,q11, it might be well to purchase one 
of the several inexpensive kits now on the market, 
so that it will he on hand not only to make initial 
tests lait also as a permanent monitor (luring 
all operation. Barring a purehase, it is recom-
mended at least that a scope be borrowed to 
make the line-up checks, whereupon the regular 
plate and grid meters can serve thereafter to 
indicate roughly changes in operating eon litions. 

All linearity tests require that the vertical 
plates of the scope be supplied with r.f. from 
the amplifier 0111111 it. To avoid interaction within 
the instrument. it is usually hest to connect di-
rectly to the cathode-ray tube terminals at the 
back of the cabinet. A pick-up device and its con-
nections to the oscilloseope are shown in Fig. 
11-7. Normally, the pick-up loop should be 
cotipled to the dummy load, antenna tuner, or 
transmission line: i.e., to a point in the system be-
yond where any tuning adjustments are to be 
made. 
The only other piece of test equipment will 

be an audio oscillator. Since only one frequency 
is needed, the simple circuit of Fig. 11-13 works 
quite well. Some equipment has a circuit similar 
to this one built right into the exciter audio 
system. 

2.2 
MEG 

Fig. 11- 13— Fixed- frequency audio oscillator having 
good output waveform. The frequency can be varied by 

changing the values of Ci and C.!. 
Li— Small speaker output transformer, secondary not 

used. 

Two- Tone Test 

The two-tone test involves sending through 
the amplifier or the system a pair of r.f, signals 
of equal amplitude and a thousand cycles or so 
apart in frequency. The combined envelope of 
two such signals looks like two sine waves folded 
on one another. If this waveform comes out of 
the final, well and good; if not, there is work to 
do. 

There are two commonly used ways to generate 

the two-tone signal, and the choice of which to 
use depends on the particular exciter. 

Method A — for Filter or Phasing Exciters: 
1) Turn up the carrier insertion until a carrier 

is obtained at about half the expected output 
amplitude. 

2) Connect an audio oscillator to the micro-
phone input and advanee audio gain until ( when 
the carrier and the one sidehand are ('qual) the 
s-ope pattern takes on the appearatap of full 
modulation: i.e.. the cusps just meet at the 
center line. S( 4• Fig. 11-1-1, photo No. 1. 

3) To change the drive through the system, 
increase or decrease the carrier and audio set-
tings together, maintaining equality of the two 
signals. 

Method B — for Phasing Exciters: 
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Fig. 11-14—Correct Patterns. 1—Desired two-tone test 
pattern. 2—Desired double-trapezoid test pattern. 
3—Typical voice pattern in a correctly adjusted am-
plifier, scope set for 30-cycle sweep. Note that peaks 

are clean and sharp. 
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11 - SIDEBAND 

1) Disable the audio input to one balanced 
modulator, by removing a tube or by tempo-
rarily short-eirpuiting an audio transformer. 

2) Connect the atalio oseillator and tulvanee 
audio gain to get the desired drive. Note that 
with one balatieed modulator cut out, the re-
sultant signal will be double-sideband with no 
carrier, hemp two equal r.f. signals. 

Double-Trapezoid Test 

When Method 13 can be used with phasing 
exciters, it is possibh. to derive a somewhat more 
informative pattern by making it connection 
from the exciter audio system to the horizontal 
signal input of the osrilloscope and using this 
audio signal, instead of the regular internal 
sweep, to cause the horizontal deflection. Those 
who are familiar with the regular trapezoid test 
for ti ici, transmitters will recognize this set-up 
as being the sanw, except that instead of one 
trapezoid, this test produces two triangles point-
ing toward each other. 
Each individual triangle is subject to the same 

analysis as the regular trapezoid pattern; i.e., 
the sloping sides of the pattern should be straight 
lines for proper operation. Since it is much easier 
to tell whether a line is straight or not than to 
judge the correctness of a sine curve, the double 
trapezoid has the advantage of being somewhat 
more positive and sensitive to slight deliartures 
from linearity than is the regular two-tone pat-
tern. 

If the audio can be picked off at the plate of 
the audio modulator tube that is still working, 
the input signal need not be a pure sine wave; 
merely whistling or talking into the mierophone 
should produce the appropriate fern. If, be-
cause of the exciter layinit, it is necessary to pick 
up the audio signal ahead of the phase-shift 
network, it will then be necessary to use a good 
sine-wave audio oscillator as before. Also, with 
the latter set-up, the pattern will probably have 
a loopy appearance at first, and phase corre(' lion 

SCOPE 200p,Uf .5 MEG 

  FROM EXCITER 
AUDIO 

Fig. 1 I - 15—"Phaser" circuit for the oscilloscope. 

will be needed to make the figure close up. This 
can be done either by varying the audio fre-
quency or by putting a !Maser in series with the 
horizontal input to the srope, as shown in Fig. 
11-15. 

Ratings 

Before proceeding with linearity tests, it is 
well to have in mind tht• current and power 
levels to expect. A suppressed-carrier signal is 

'ph 

'dc 

1.6 

15 

19 

1.3 

1.2 
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Fig. 11-16—When the two-tone test signal is used 
for checking the linearity of an amplifier, the peak cur-
rent is higher than the current indicated by the plate 
meter. The ratio of these values depends upon the ratio 
of the idling (no-signal) current to the indicated current. 
The graph shows the relationship. 

I„ =no-signal (idling) current, 
1,1,.=- meter reading with two-tone test signal, 
Ipk = actual peak current. 

exactly like an audio signal, except for its fre-
quency, so the audio ratings for any tube are 
pern.etly applivalile for linear r. f. servid e where 
no 'artier is involved. On the other hand, the 
ratine sometimes shown for Class B r. f. tele-
phony are ,,)t what is wanted, because they are 
for conventional a. tic, tran,mission with carrier. 

If audio ratings are not given for the desired 
tube type, it will lw safe to assume that the 
maximum-signal input fin. Class 13 or A B2 serv-
ice is about 10 per vent h.ss than the kev-dowii 
Class C e.w. conditions. The input will have to 
be held somewhat lower in Class A131 operation 
because the average efficienev is lower and, also, 
the tube ran draw only a limited amount of cur-
rent at zero grid voltage. 
The maxinnun-signal (-mutinous determined 

from tube data vorri.spond in s.s.l t. work to the 
very peak of the t. I. envelope; when a two-tone 
test signal (or voice) is used, the plate 
meter does not indicate the lick plate current. 
The relationship between peak eurrent and indi-
cated eurrent is variable with voice signals, lad 
with the two-tone test signal api died then. is a 
definite relationship between unheated (d.c.) 
current alai peak eurrent. This relationship is 
plotted in Fig. 1I-16. Knowing the ratio of the 
idling vitro nt to the plate current with the t we-
tonte test signal, /0//nc, one ran find the factor 
that can lw apitlied to give the peak current. 
For example, an amplifier draws 50 ma, with no 
signal and 250 ma. (before flatt('ning) with the 
two-tone test signal. = 0.2, and 
/pi://ne = 1.45, from Fig. 11-16. Thus /PK --
1.45 X 250 = :363 nia. 
Should the resulting peak input (0.363 X 

plate voltage) be different than the design value 
for the partii.ular amplifier tube, the drive and 
loading wljustments can lw changed in the 
proper dinwtions (always adjusting the loading 
so that the peaks of tlte envelope are on the 
verge of flattening) and the proper value reached. 

316 



Adjustment of Amplifiers 

Using the Linearity Tests 

The photos (Figs. 11-14, 11-17 and 11-18) have 
been taken to show many of the typical patterns 
that may be encountered with either of the test 
arrangements described previously. They are 
classified separately as to those representing 
eorrert comlitions ( Fig. 11-14), faulty operation 
of the r.f. amplifier ( Fig. 11-17), and various 
other patterns that look irregular but which 
really represent a peeuliarity in the test set-tip or 
the exciter hut not in the final ( Fig. 11-18). 

.1siih, from the problem of parasitirs, which 
may or may not be a diffieult one, it should be 
possibh, without mueli difficulty to achieve the 
correct linearity pattern by taking action as in-
cheated by the captions accompanying the 
photos. It can then be assumed that the am-
plifier is not eontributing any distortion to the 
signal so long as the peak power level indicated 
bv the test is not exceeded. It is entirely pos-
sible, however, that good linearity will be ob-
tained only by holding the power down to a 

Fig. 1 1 - 17—Improper Amplifier 
Operation. 4 —Overdrive,indicated 
by flattening of peaks. 5—Same as 
4, double-trapezoid test. 6—Too 
much bias, causing crossover to be-
come pinched together rather than 
cutting straight across center line. 
7—Same as 6, double-trapezoid 
test. 8—Two-tone test with v.h.f. 
parasitics. Note fuzzy halo or 
fringe. In milder cases the fuzziness 
will appear just at the peaks. 9— 
Two-tone test with fundamental 
frequency parasitics, accompanied 
by overdrive. 10—Severe over-
drive and parasitics. 11—Voice 
pattern showing flattening of peaks 
due to overdrive. When flattening 
is apparent on the voice pattern, 

the case is a severe one. 
(6) 

level considerably below what is expected, or 
conIerely that there will be signs of excessive 
plate dissipation at a level that the tubes should 
handle quite easily. In such eases, some atten-
tion should he given to the plate loading, as 
diseussed below. 
The several patterns of Fig. 11-19 show how 

loading affeets the output and efficiency of a 
linear amplifier. In the first two, loading is rela-
tively light and limiting takes place in the final 
plate eireuit. Reserve power is still available in 
the driver, evidenced by the fact that heavier 
lomling on the final albmvs the peak output to 
inerease up to the optimum level of the third 
pattern. With still heavier loading the output 
ceases to increase lait in fact drops somewhat; 
even though the input power goes up all the 
time, the efficiency goes down rapidly. In the 
last two patterns, the driver is the limiting 
element in the system, and the extra power-
handling rapability of the final, due to heavier 
loading, is wasted by inability of the driver to do 
it justice. 

(4) 181 

(5) (9) 

r--

k.ue 

(10) 

(7) 
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11- SIDEBAND 

1) For good efficiency, the final itself must be 
the limiting element in the power-handling ca-
pability of the syqem. 

2) I; the ; Mal is not being driven to its linUt, 
it should be loaded less heavily until such is thi, 
ease. 

3) It the power level obtained above is less 
than S110111(1 be expected, more driving power is 
needetf. 
There are sevcral ways to tell whether or not 

the final is being driven to its limit. One way is 
to advance the drive until peak limiting is ap-
parent in the output, then move the oscilloscope 
coupling link over to the driver plate tank and 

(13) 1171 

(14) (18) 

(15) (19) 

see whether or not the same limiting appears 
there. Another way is to decrease or increase the 
final loading slightly and note whether the limit-
ing output level increases or derreasi,s corre-
spondingly. If it does not, the final is not con-
trolling the system. Still another but similar 
method is to &tune the final slightly while 
limiting is apparent, and if proper drive eondi-
tiot is prevail the pattern will improve when the 
amplifier plate is ( l( 't 
The intermediate and driver stagt.s will follow 

the saine laws, except that what is called " load-
ing" on a final is often referred to : is " impedance 
matching" when going between tubes. More 

Fig. 11-18—Improper Test Set-up 
12—Two r.f. signals unequal. in 
Method A, caused by improper 
settings of either carrier or audio 
control. Method B, either carrier 
leakage through disabled modula-
tor or unequal sidebands due to 
selective action of some high-Q 
circuit off resonance. 13—Same as 
12, double-trapezoid test ( Method 
B). 14— Distorted audio. A clue to 
this defect is that successive waves 
are not identical. 15—Same dis-
tortion as 14, but switched to 
double trapezoid test pattern. Note 
that correct pattern prevails re-
gardless of poor audio signal. 16— 
Carrier leakage through working 
modulator (Method B only). 17— 
Same as 16, double trapezoid. 18 
—(Note tilt to left.) Caused by in-
complete suppression of unwanted 
sideband (Method Al or by r.f. 
leakage into horizontal circuits of 
scope. 19—Double trapezoid with 
audio phase shift in test set-up. 
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(20) 

Fig. 11- 19—Amplifier Loading Char-
acteristics. Two.tone patterns taken at 
the output of a Class B linear amplifier 
with constant drive and successively 
heavier loading. Measured input pow-
er: 20-90 wafts; 21-135 watts ; 
22-250 watts; 23-330 wafts; 24-

400 watts. 

(23) (241 

often than not, an apparent lack of power trans-
fer from a driver to its succeeding stage is due 
to a poor match. In Class AB2 or B service, a 
step-down type of coupling is required between 
power stages, and a person accustomed to the 
conventional plate-to-grid coupling capacitor 
technique will be surprised to find how effective 
it is to tap the driven stage down on its tank — 
or otherwise to decouple the system. For ex-
ample, an 807 driving a pair of 811s requires a 
voltage step-down of about 3 or 4 to 1 from 
plate to each gris I 

Dummy Load 

For the sake of everyone coneerned, linearity 
tests should be kept off the air as much as possi-
ble. They make quite a racket and spurious 
signals are plentiful in earlier stages of misadjus-t-
ment. Ordinary lamp bulbs make a fine dummy 
load so long as it is recognized that their im-
pedance is not exactly the same as the antenna 
and that this impedance changes somewhat as 
the bulbs light up. These factors can be taken 
into account by making cateful note of plate 
and grid currents after the transmitter has been 
adjusted and is operating with a linearity test 

signal at maximum linear output into the lamp 
(owl. Then, having reconnected the regular an-
tenna, the same loading conditions for the final 
will be reproduced by adjusting its tuning and 
loading until the identical combination of plate 
atcl grid cuirrents can be obtained. This process 
will require only a few moments of an-the-air 
operation. 
When the final on-the-air cheeks are made, it 

will be convenient to make a few reference marks 
on the oscilloscope screen to indicate the peak 
height of the pattern. The scope will then serve 
as a permanent output monitor for all operations. 
FOr best results the sweep shouhl be set for about 
:30 cycles, in which case the voice patterns will 
stand ont clearly and can easily be kept just. 
within the reference I in s. Incidentally, the 
pattern is really fascinating to watch. 

Don't he a '' meter bender." Input power 
isn't everything. If you have to cut your input 
in half to avoid overload, the fellow at the other 
end will hardly notice the difference in level. 
At the same time, your neighbors, both those 
on the ham band and those next door trying 
to %% atch TV, will appreciate the difference 
right i.way. 

Frequency Conversion 
The preferred s.s.b. transmitter is probably 

one that generates the 5.5.1). signal at some 
suitable frequency and then heterodynes the 
signal into the desired amateur bands, although 
a few designs exist that generate the s.s.b. signal 
at the operating frequency and consequently 
eliminate the need for heterodyning. When the 
heterodyning is done at low level (involving an 
s.s.)). signal of not more than a few volts), stand-
ard receiving techniques are ; satisfactory. The 
converter tubes operated at manufacturer's rat-

ings leave little to be desired. 
When high-level he tyro( yt ling is required, as 

when an exciter delivering from 5 to 20 watts 
on a single band is avail:1.1de and multiband opera-
tion is desired, a high-level converter is used. 
Since the efficiency of a converter is only about 
one-fourth that of the saine tube or tubes used in 
Class A1,32, using a converter stige as the output 
stage is not very economic il, and the high-level 
converter is generally used to thrive the output 
stage. 
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Fig. 11-20—Two examples of "high-level" mixer circuits. 
The circuit at A has been used with 6V6, 616, 6AQ5 and 
6Y6 type tubes. With 300 volts on the plate the idling 
current is about 15 ma., kicking as high as 30 ma. with 
the s.s.b. signal. 

The circuit in B operates with a positive screen voltage 
and some cathode bias, and is capable of somewhat more 
output than the circuit shown in A. 

In either case the output circuit, CiL2, is tuned to the 
sum or difference frequency of the oscillator and s.s.b. 
signal. Coupling coils Li and L3 will usually be three 
or four turns coupled to their respective driving sources. 

Reference to tube manuals will disclose no in-
formation of the operation of small transmitting 
tubes as mixers. However, it has been found that 
most of the tetrodes in the 15- to 35-wat t plate-
dissipation ( lass make :temptable mixers, and 
tubes like t ilVfi, 61,6, 807 and 91-16 have been 
used sueeessfully. The usual procedure is to feed 
one of the signals (oscillator or s.s.b.) to the 
control grid and the other to the cathode or 
screen grid. Typical circuits are shown in Fig. 
11-20. 

(Suggestions for converting to and operating 
in the 50- and 141- Me, bands can be found in 
Tilton, " Single-Sit leband Ideas for the V.H.F. 
Man," QST, .111 1957.) 

• VOICE-CONTROLLED BREAK-IN 
Although it is possible for two s.s.b. stations 

operating on widely different frequencies to 
work " duplex" if the carrier suppression is great 
enough (inadequate carrier suppression would 
be a violation of the FCC rules), most s.s.b. 
operators prefer to use voice-controlled break-in 
and operate on the same frequency. This over-
comes any possibility of violating the FCC rules 
and permits "round table" operation. 
Many various sytems of voice-controlled 

break-in are in use, but they are all basically the 
same. Some of the audio from the speech amplifier 

is amplified and rectified, and the resultant d.c. 
signal is used to key an oscillator and one or more 
stages in the s.s.l i. transmitter and " blank" the 
receiver at the time that the transmitter is on. 
Thus the transmit ter is on at any and all times 
that the operator is speaking but is off during the 
intervals Iwt wpm sentences. The voice-control 
circuit must have a small amount of " hold" 
built into it, so that it will hold in bet Nveen words, 
but it should be made to turn on rapidly at the 
slightest voice signal coining t hi nigh the speech 
amplifier. Both tube and n ay keyers have lwen 
used with goo il success. Some voice-control 
systems require tlie use of headphones by t he 
operator, but a loudspeaker van be used with t lie 
proper circuit. ( See Nowak, " Voice-Controllet1 
Break-In . . . and a Loudspeaker," QST, Mav, 
1951, and Hunter, " Simplified Voice Control 
with a Loudspeaker," Q.81', October, 1953.) 

If an antenna relay is used to switch the an-
tenna from the receiver to the transmitter anti 
baek again, it is often possible to operate the out-
put linear amplifier stage with some idling cur-
rent and experience no tliffieulty with the " diode 
noise" generated by the amplifier plate current. 
How-ever, when the receiver, transmitter and 
antenna are always connerteil together, as when 
an tlectronic transmit-receive switch is used 
(see Chapter Eight), weak signals will not be 
heard through the diode noise of the transmitter. 
To overeome this difficulty, the idling current of 
the amplifier must be reduced to zero during 
listening periods. This can be accomplished 
through the use of the circuit in Fig. 11-21. Here 

Fig. 11-21—Bias-switching circuit for use with o Class 
M I linear amplifier and an electronic tr. switch. 

R1-4700 ohms, 1 watt. 
R2-100,000 ohms, 2 watts. 
Ki—VOX relay or relay controlled by VOX circuit. 
V1-0A2 or OB2, depending upon amplifier re-

quirements. 

K1 is a relay controlled by the voice-controlled 
break-in circuit. When the relay is closed, the 
operating bias E1 for the linear amplifier is de-
termined by the setting of the arm on Rz. When 
the relay is open, the grid bias jumps to the value 
E, which should be high enough to cut off the 
amplifier stage. The voltage regulator tube 
should be one with a nominal voltage drop in 
excess of the normal bias for the amplifier tube, 
and the negative supply voltage E should be at 
least 25 per cent higher than the ignition potential 
of the VR tube. The circuit in Fig. 11-21 is ap-
plicable to Class ABI amplifiers; it cannot be 
used when grid current is drawn during operation. 
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Restriction of Audio Range 

In either type of s.s.b. generator, it is good 
practice to restrict the frequency range of the 
audio amplifier. In the filter-type exciter, reduc-
ing the response below 300 or 400 cycles makes 
it easier for the filter to eliminate the unwanted 
side frequencies below this range. In the phasing-
type exciter, restricting the range of the audio 
amplifier to the frequencies at which the net.-
work gives its best performance (usually about 
300 to 3000 cycles) reduces the possibility of 
generating unwanted side frequencies outside 
this range. High-frequency audio cut-off is not 
as important in the filter-type exciter because 
the filter takes care of the higher frequencies. 
When a restricted audio range is used, it is a 

good idea to make a number of checks on the 
system, in an effort to obtain the best compro-
mise between naturalness and intelligibility. 
Voice characteristics differ from operator to 
operator, and it is sometimes preferable to ac-
centuate the " highs" slightly to give better 
intelligibility. No standards can be given here — 
it is a subject for experimentation and checking 
under varied conditions. 
The simplest means for reducing the low-

frequency response in the audio amplifier is to 
reduce the values of the coupling capacitors. 
High-frequency response can be reduced by add-
ing capacitance across grid resistors. More elabo-
rate means require the use of filters using in-
ductance and capacitance combinations. 

Receiving Suppressed-Carrier Signals 
The reception of suppressed-carrier signals 

requires that the carrier be accurately reinserted 
at the receiver. In addition, the reception of a 
double-sideband suppressod-carrier signal re-
quires that one sideband 1,0 filterd off in the re-
ceiver before demodulation or that a special 
type of converter be used. Because little or no 
carrier is transmitted, the usual a.v.c. in the re-
ceiver has nothing that indicates the average 
signal level, and this fact requires either manual 
variation of the r.f. gain control or the use of a 
special a.v.c. system. ( As, for example, Luick, 
"Improved A.V.C. for Sideband and C.W.," 
QST, October, 1957.) 
A suppressed-carrier signal can be identified 

by the absence of a strong carrier and by the se-
vere variation of the S meter at a syllabic rate. 
When such a signal is encountered, it should first 
be peaked with the main tuning dial. (This cen-
ters the signal in the i.f. pass band.) After this op-
eration, do not touch the main tuning dial. Then 
set the r.f. gain control at a very low level and 
switch off the a.v.c. Increase the audio volume 
control to maximum, and bring up the r.f. gain 
control until the signal can be heard weakly. 
Switch en the beat oscillator, and carefully adjust 
the frequency of the beat oscillator until proper 
speech is heard. If there is a slight amount of 
carrier present, it is only necessary to zero-beat 
the beat oscillator with this weak carrier. It will 
be noticed that with incorrect tuning of an s.s.b. 
signal, the speech will sound high- or low-pitched 
or even inverted (very garbled), but no trouble 
will be had in getting the correct setting once a 
little experience has been obtained. The use of 
minimum r.f. gain and maximum audio gain will 
insure that no distortion (overload) occurs in the 
receiver. It may require a readjustment of your 
tuning habits to tune the receiver slowly enough 
during the first few trials. 
Once the proper setting of the b.f.o. has been 

established by the procedure above, all further 
tuning should be done with the main tuning con-
trol. However, it is not unlikely that s.s.b. sta-
tions will be encountered that are transmitting 
the other sideband, and to receive them will re-

quire shifting the b.f.o. setting to the other side of 
the receiver i.f. passband. The initial tuning pro-
cedure is exactly the same as outlined above, ex-
cept that you will end up with a considerably dif-
ferent b.f.o. setting. The two b.f.o. settings should 
be noted for further reference, and all tuning of 
s.s.b. signals can then be done with the main tun-
ing dial. With experience, it becomes a simple 
matter to determine which way to tune to make 
the signal sound lower- or higher-pitched if the 
receiver (or transmitter) drifts off. 
When a double sideband suppressed-carrier 

signal is received, sufficient selectivity will be 
required in the receiver to eliminate one side-
band and convert the signal into a single-side-
band signal before detection, where it can be 
received by the method outlined above. Receiver 
bandwidths of 3 kc. or less will be required for this 
purpose, or the use of a " Signal Slicer," a selec-
tivity device that uses the phasing principle. (See 
GE Hain News, Vol. 6, No. 4, July, 1951.) 
Newcomers to single sideband often wonder if 

there is any device that can be added to a receiver 
that will make the tuning of sideband signals less 
critical. At the present time there is no device 
that will "lock in" automatically. However, if the 
receiver is lacking in selectivity, an apparent im-
provement can be obtained by using an adapter 
that adds selectivity to the receiving system. No 
improvement in ease of tuning will be noticed on 
good sideband signals (good suppression of un-
wanted sideband), but fair or mediocre signals 
will be easier to tune. The reason is that the 
adapter makes a better sideband signal out of 
the incoming signal by removing the vestiges of 
the unwanted sideband, and a good sideband 
signal will tune easier than a fair one. The side-
band adapters also usually have detectors de-
signed for best detection of sideband signals, a 
point that was overlooked in some of the older 
receivers. Good detectors for sideband signals 
include diodes with sufficient b.f.o. injection 
(5 to 10 times peak signal) and " product detec-
tors" (see Chapter Five). Either detector is 
capable of low distortion output if the input is 
held down. 
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• WHICH SIDEBANb? 
It is sometimes confusing to remember how to 

identify, from the way your receiver tunes, which 
sideband the other station is using. This is es-
pecially awkward with those receivers in which 
the high-frequency oscillator is on the high-
frequency side of the signal in some ranges and on 
the low side in others. With any receiver having 
sufficient selectivity to give a stronger signal on 
one side than on the other of zero beat, when the 
b.f.o. is offset to one side of the i.f., the chart 
below will help you identify which sideband is 
being transmitted. Set the b.f.o. to the side of the 
i.f. that you find is right for receiving single-
sideband signals on a particular band. Then with 
the main dial tune through a steady carrier (or 

the signal from your 100-1:c. standard). Note 
which side of zero beat gives little or no signal. 

If tuning through a steady carrier gives 
little or no signal on the 

High Frequency 1 Low Frequency 

side of zero beat, and then if tuning the 
receiver to a lower frequency makes the 
voice of a single-sideband signal sound 
lower pitched, he is using the 

Lower Upper 

si &band. 
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CHAPTER 12 

Specialized 
Communication Systems 

Frequency and Phase Modulation 

It is possible to convey intelligence by modu-
lating any property of a carrier, including its fre-
quency and phase. When the frequency of the 
carrier is varied in accordance with the varia-
tions in a modulating signal, the result is fre-
quency modulation (f.m.). Similarly, varying the 
phase of the carrier current is called phase 
modulation (p.m.). 
Frequency and phase modulation are not inde-

pendent, since the frequency cannot be varied 
without also varying the phase, and vice versa. 
The difference is largely a matter of definition. 
The effectiveness of f.m. and p.m. for com-

munication purposes depends almost entirely on 
the receiving methods. If the receiver will respond 
to frequency and phase changes but is insensitive 
to amplitude changes, it will discriminate against 
most forms of noise, particularly impulse noise 
such as is set up by ignition systems and other 
sparking devices. Special methods of detection 
are required to accomplish this result. 

Modulation methods for f.m. and p.m. are 
simple and require practically no audio power. 
There is also the advantage that, since there is no 
amplitude variation in the signal, interference te 
broadcast reception resulting from rectification of 
the transmitted signal in the audio circuits of the 
BC receiver is substantially eliminated. These 
two points represent the principal reasons for the 
use of f.m. and p.m. in amateur work. 

Frequency Modulation 

Fig. 12-1 is a representation of freq tency 

Il  
I 1 

e 1,, IieIIIIt i 

• • 

11 I 

Waveshope of Modulating 3/ea/ 

II 

Fig. 12- 1—Graphical representation of frequency modu-
lation. In the unmodulated carrier at A, each r.f. cycle 
occupies the same amount of time. When the modulating 
signal, 8, is applied, the radio frequency is increased and 
decreased according to the amplitude and polarity of the 
modulating signal. 

modulation. When a modulating signal is applied, 
the carrier frequency is increased during one 
half-cycle of the modulating signal and decreased 
during the half-cycle of opposite polarity. This is 
indicated in the drawing by the fact that the r.f. 
cycles occupy less time (higher frequency) when 
the modulating signal is positive, and more time 
(lower frequency) when the modulating signal is 
negative. The change in the carrier frequency 
(frequency deviation) is proportional to the in-
stantaneous amplitude of the modulating signal, 
so the deviation is small when the instantaneous 
amplitude of the modulating signal is small, and 
is greatest when the modulating signal reaches its 
peak, either positive or negative. 
As shown by the drawing, the amplitude of the 

signal does not change during modulation. 

Phase Modulation 

If the phase of the current in a circuit is 
changed there is an instantaneous frequency 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviation, depends on how rapidly the phase 
shift is accomplished. It is also dependent upon 
the total amount of the phase shift. In a properly 
operating p.m. system the amount of phase shift 
is proportional to the instantaneous amplitude 
of the modulating signal. The rapidity of the 
phase shift is directly proportional to the fre-
quency of the modulating signal. Consequently, 
the frequency deviation in p.m. is proportional to 
both the amplitude and frequency of the modu-
lating signal. The latter represents the outstand-
ing difference between f.m. and p.m., since in f.m. 
the frequency deviation is proportional only to 
the amplitude of the modulating signal. 

Modulation Depth 

Percentage of modulation in f.m. and p.m. has 
to be defined differently than for a.m. Practically, 
"100 per cent modulation" is reached when the 
transmitted signal occupies a channel just equal 
to the bandwidth for which the receiver is de-
signed. If the frequency deviation is greater than 
the receiver can accept, the receiver distorts the 
signal. However, on another receiver designed for 
a different bandwidth the same signal might be 
equivalent to only 25 per cent modulation. 

In amateur work "narrow-band" f.m. or p.m. 
(frequently abbreviated n.f.m.) is defined as 
having the same channel width as a properly 
modulated a.m. signal. That is, the effective 
channel width does not exceed twice the highest 
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1.0 2 
MODULATION INDEX 

audio frequency in the modulating signal. N.f.m. 
transmissions based on an upper audio limit of 
3000 cycles therefore should occupy a channel not 
significantly wider than 6 kc. 

F.M. and P.M. Sidebands 

The sidebands set up by f.m. and p.m. differ 
from those resulting from a.m. in tun t they occur 
at integral multiples of the modulating frequency 
on either side of the carrier rather than, as in a.m., 
consisting of a single set of side frequencies for 
each modulating frequency. An f.m. or p.m. signal 
therefore inherently occupies a wider channel 
than a.m. 
The number of " extra" sidebands that occur 

in f.m. and p.m. depends on the relationship be-
tween the modulating frequency and the fre-
quency deviation. The ratio between the fre-
quency deviation, in cycles per second, and the 
modulating frequency, also in cycles per second, 
is called the modulation index. That is, 

Carrier frequency deviation  
Modulation index =-• 

Modulating frequency 
Example: The maximum frequency deviation 

in an fan. transmitter is 3000 cycles either side 
of the carrier frequency. The modulation index 
when the modulating frequency is 1000 cycles is 

3000 
Modulation index = — = 3 

1000 

At the same deviation with 3000-cycle modula-
tion the index would be 1; at 100 cycles it would 
be 30, and so on. 

In p.m. the modulation index is constant re-
gardless of the modulating frequency; in f.m. it 
varies with the modulating frequency, as shown 
in the above example. In an f.m. system the 
ratio of the maximum carrier-frequency deviation 
to the highest modulating frequency used is called 
the deviation ratio. 

Fig. 12-2 shows how the amplitudes of the 
carrier and the various sidebands vary with the 
modulation index. This is for single-tone modula-
tion; the first sideband (actually a pair, one above 
and one below the carrier) is displaced from the 
carrier by an amount equal to the modulating 
frequency, the second is twice the modulating 
frequency away from the carrier, and so on. For 
example, if the modulating frequency is 2000 
cycles and the carrier frequency is 29,500 kc., the 
first sideband pair is at 29,498 kc. and 29,502 kc., 
the second pair is at 29,496 kc. and 29,504 kc., 
the third at 29,494 kc. and 29,506 kc., etc. The 
amplitudes of these sidebands depend on the 

Fig. 1 2- 2—How the amplitude of the pairs of 
sidebands varies with the modulation index in 

an f.m. cr p.m. signal. If the curves were extended 
for greater values of modulation index it would 
be seen that the carrier amplitude goes through 

zero at several points. The same statement also 

applies to the sidebands. 

3.0 

modulation index, not on the frequency deviation. 
Note that, as shown by Fig. 12-2, the carrier 

strength varies with the modulation index. (In 
amplitude modulation the carrier strength is 
constant; only the sideband amplitude varies.) 
At a modulation index of approximately 2.4 the 
carrier disappears entirely. It then becomes 
"negative" at a higher index, meaning that its 
phase is reversed as compared to the phase with-
out modulation. In f.m. and p.m. the energy that 
goes into the sidebands is taken from the carrier, 
the total power remaining the same regardless of 
the modulation index. 

Frequency Multiplication 

Since there is no change in amplitude with 
modulation, an f.m. or p.m. signal can be ampli-
fied without distortion by an ordinary Class C 
amplifier. The modulation can take place in a 
very low-level stage and the signal can then be 
amplified by either frequency multipliers or 
straight amplifiers. 

If the modulated signal is passed through one 
or more frequency multipliers, the modulation 
index is multiplied by the same factor that the 
carrier frequency is multiplied. For example, if 
modulation is applied on 3.5 Mc. and the final 
output is on 28 Mc. the total frequency multipli-
cation is 8 times, so if the frequency deviation is 
500 cycles at 3.5 Mc. it will be 4000 cycles at 28 
Mc. Frequency multiplication offers a means for 
obtaining practically any desired amount of fre-
quency deviation, whether or not the modulator 
itself is capable of giving that much deviation 
without distortion. 

Narrow-Band F.M. and P.M. 

"Narrow-band" f.m. or p.m., the only type that 
is authorized by FCC for use on the lower fre-
quencies where the phone bands are crowded, is 
defined as f.m. or p.m. that does not occupy a 
wider channel than an a.m. signal having the 
saine audio modulat jug frequencies. 

If the modulation index (with single-tone 
modulation) does not exceed 0.6 or 0.7, the most 
important extra sideban(l, the second, will be at 
least 20 dl). below the unmodulated carrier level, 
and this should represent an effective channel 
width about equivalent to that of an a.m. signal. 
In the case of speech, a somewhat higher modula-
tion index can be used. This is because the energy 
distribution in a complex wave is such that the 
modulation index for any one frequency corn-
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ponent is reduced, as compared to the index with 
a sine wave having the same peak amplitude as 
the voice wave. 
The chief advantage of narrow-band fan. or 

p.m. for frequencies below 30 Mc. is that it elimi-
nates or reduces certain types of interference to 
broadcast reception. Also, the modulating equip-
ment is relatively simple and inexpensive. How-
ever, assuming the same unmodulated carrier 
power in all cases, narrow-band f.m. or p.m. is 
not as effective as a.m. with the methods of re-
ception used by most amateurs. As shown by 
Fig. 12-2, at an index of 0.6 the amplitude of the 
first sideband is about 25 per cent of the un-
modulated-carrier amplitude; this compares with 
a sideband amplitude of 50 per cent in the ease 
of a 100 per cent modulated a.m. transmitter. 
So far as effectiveness is concerned, a narrow-
band f.m. or p.m. transmitter is about equivalent 
to a 100 per cent modulated a.m. transmitter 
operating at one-fourth the carrier power. 

Comparison of F.M. and P.M. 

Frequency modulation cannot be applied to an 
amplifier stage, but phase modulation can; p.m. 
is therefore readily adaptable to transmitters 
employing oscillators of high stability such as the 
crystal-controlled type. The amount of phase 
shift that can be obtained with good linearity is 
such that the maximum practicable modulation 
index is about 0.5. Because the phase shift is 
proportional to the modulating frequency, this 
index can be used only at the highest frequency 
present in the modulating signal, assuming that 
all frequencies will at one time or another have 

equal amplitudes. Taking 3000 cycles as a suit-
able upper limit for voice work, and setting 
the modulation index at 0.5 for 3000 cycles, 
the frequency response of the speech-amplifier 
system above 3000 cycles must be sharply 
attenuated, to prevent sideband splatter. Also, 
if the " tinny" quality of p.m. as received on an 
f.m. receiver is to be avoided, the p.m. must be 
changed to f.m., in which the modulation index 
decreases in inverse proportion to the modulating 
frequency. This requires shaping the speech-
amplifier frequency-response curve in such a way 
that the output voltage is inversely proportional 
to frequency over most of the voice range. When 
this is done the maximum modulation index can 
only be used at some relatively low audio fre-
quency, perhaps 300 to 400 cycles in voice trans-
mission, and must decrease in proportion to the 
increase in frequency. The result is that the 
maximum linear frequency deviation is only 
one or two hundred cycles, when p.m. is changed 
to f.m. To increase the deviation for n.f.m. re-
quires a frequency multiplication of 8 times or 
more. 

It is relatively easy to secure a fairly large 
frequency deviation when a self-controlled os-
cillator is frequency-modulated directly. (True 
frequency modulation of a crystal-controlled 
oscillator results in only very small deviations 
and so requires a great deal of frequency mul-
tiplication.) The chief problem is to maintain 
a satisfactory degree of carrier stability, since 
the greater the inherent stability of the oscillator 
the more difficult it is to secure a wide frequency 
swing with linearity. 

Methods of Frequency and Phase Modulation 

A simple and satisfactory device for producing 
f.m. in the amateur transmitter is the reactance 
modulator. This is a vacuum tube connected to 
the r.f. tank circuit of an oscillator in such a way 
as to act as a variable inductance or capacitance. 

Fig. 12-3 is a representative circuit. The con-
trol grid of the modulator tube, V2, is connected 
across the oscillator tank circuit, CILi, through 
resistor R1 and blocking capacitor C2. Cg repre-
sents the input capacitance of the modulator 
tube. The resistance of R1 is made large com-
pared to the reactance of Cg, so the r.f. current 
through RiC8 will be practically in phase with 
the r.f. voltage appearing at the terminals of the 
tank circuit. However, the voltage across Cg 
will lag the current by 90 degrees. The r.f. current 
in the plate circuit of the modulator will be in 
phase with the grid voltage, and consequently is 
90 degrees behind the current through Cg, or 90 
degrees behind the r.f. tank voltage. This lagging 
current is drawn through the oscillator tank, 
giving the same effect as though an inductance 
were connected across the tank. The frequency 
increases in proportion to the amplitude of the 
lagging plate current of the modulator. The audio 
voltage, introduced through a radio-frequency 
choke, RFC1, varies the transconductance of the 

tube and thereby varies the r.f. plate current. 
The modulated oscillator usually is operated 

on a relatively low frequency, so that a high order 
of carrier stability can be secured. Frequency 
multipliers are used to raise the frequency to the 
final frequency desired. 
A reactance modulator can be connected to a 

crystal oscillator as well as to the self-controlled 
type. However, the resulting signal is more phase-
modulated than it is frequency-modulated, for 
the reason that the frequency deviation that can 
be secured by varying the tuning of a crystal 
oscillator is quite small. 

Design Considerations 

The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends 
on the transconductance of the modulator tube. 
It increases when R1 is made smaller in compari-
son with Cg. It also increases with an increase in 
L/C ratio in the oscillator tank circuit. However, 
for highest carrier stability it is desirable to use 
the largest tank capacitance that will permit the 
desired deviation to be secured while keeping 
within the limits of linear operation. 
A change in any of the voltages on the modu-
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lator tube will cause a change in r.f. plate current, 
and consequently a frequency change. Therefore 
it is advisable to use a regulated plate power 
supply for both modulator and oscillator. At the 
low voltage used (250 volts or less) the required 
stabilization can be secured by means of gaseous 
regulator tubes. 

Speech Amplification 

The speech amplifier preceding the modulator 
follows ordinary design, except that no power is 
taken from it and the a.f. voltage required by the 
modulator grid usually is small — not more than 
10 or 15 volts, even with large modulator tubes. 
Because of these modest requirements, only a 
few speech stages are needed; a two-stage ampli-
fier consist ing of a pentode followed by a triode, 
both resistance-coupled, will more than suffice 
for cryst al microphones. 

• PHASE MODULATION 
The same type of reactance-tube circuit that 

is used to vary the tuning of the oscillator tank 
in f.m. can be used to vary the tuning of an 
amplifier tank and thus vary the phase of the 
tank current for p.m. Hence the modulator cir-
cuit of Fig. 12-3 can be used for p.m. if the re-
actance tube works on an amplifier tank instead 
of directly on a self-controlled oscillator. 
The phase shift that occurs when a circuit is 

detuned from resonance depends on the amount 
of detuning and the Q of the circuit. The higher 
the Q, the smaller the amount of detuning needed 
to secure a given number of degrees of phase shift. 
If the Q is at least 10, the relationship between 
phase shift and detuning (in kilocycles either 
side of the resonant frequency) will be sub-

Fig. 12-3—Reactance modulator using o high-
transconductance pentode (6BA6, 6C1.6, etc.). 
C1—R.f. tank capacitance (see text). 
C2, C3-0.001-0. mica. 
Ca, C5, Cs-0.00471d. mica. 
C7— 10-0. electrolytic. 
Cs—Tube input capacitance. 
R1-47,000 ohms. 
R2-0.47 megohm 
Ra—Screen dropping resistor; select to give proper 

screen voltage on type of modulator tube 
used. 

R4—Cathode bias resistor; select as in case of R3. 
I.1—R.f. tank inductance. 
RFC1-2.5-mh. r.f. choke. 

stantially linear over a phase-shift range of 
about 25 degrees. From the standpoint of modu-
lator sensitivity, the Q of the tuned circuit 
on which the modulator operates should be 
as high as possible. On the other hand, the effec-
tive Q of the circuit will not be very high if the 
amplifier is delivering power to a load since the 
load resistance reduces the Q. There must there-
fore be a compromise between modulator sensi-
tivity and r.f. power output from the modulated 
amplifier. An optimum figure for Q appears to 
be about 20; this allows reasonable loading of the 
modulated amplifier and the necessary tuning 
variation can be secured from a reactance modu-
lator without difficulty. It is advisable to modu-
late at a very low power level — preferably in a 
stage where receiving-type tubes are used. 

Reactance modulation of an amplifier stage 
usually also results in simultaneous amplitude 
modulation because the modulated stage is de-
tuned from resonance as the phase is shifted. This 
must be eliminated by feeding the modulated 
signal through an amplitude limiter or one or 
more " saturating" stages — that is, amplifiers 
that are operated Class C and driven hard enough 
so that variations in the amplitude of the grid 
excitation produce no appreciable variations in 
the final output amplitude. 

For the same type of reactance modulator, the 
speech-amplifier gain required is the same for 
p.m. as for fan. However, as pointed out earlier, 
the fact that the actual frequency deviation in-
creases with the modulating audio frequency in 
p.m. makes it necessary to cut off the frequencies 
above about 3000 cycles before modulation takes 
plaee. If this is not done, unnecessary sidebands 
will be generated at frequencies considerably 
away from the carrier. 

Checking F.M. and P.M. Transmitters 

Accurate checking of the operation of an 
f.m. or p.m. transmitter requires different 
methods than the corresponding checks on an 
a.m. set. This is because the common forms of 
measuring devices either indicate amplitude 
variations only (a d.c. milliammeter, for ex-
ample), or because their indications are most 
easily interpreted in terms of amplitude. There 
is no simple measuring instrument that indicates 
frequency deviation directly. 

However, there is one favorable feature in 
f.m. or p.m. checking. The modulation takes 
place at a very low level and the stages follow-
ing the one that is modulated do not affect the 
linearity of modulation so long as they are 
properly tuned. Therefore the modulation may 
be checked without putting the transmitter on the 
air, or even on a dummy antenna. The power is 
simply cut off the amplifiers following the 
modulated stage. This not only avoids unneces-
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sary interference to other stations during test-
ing periods, but also keeps the signal at such a 
low level that it may be observed quite easily 
on the station receiver. A good receiver with a 
crystal filter is an essential part of the checking 
equipment of an f.m. or p.m. transmitter, par-
ticularly for narrow-band f.m. or p.m. 
The quantities to be checked in an f.m. or p.m. 

transmitter are the linearity and frequency 
deviation. Because of the essential difference 
between f.m. and p.m. the methods of checking 
differ in detail. 

Reactance-Tube F.M. 

It is possible to calibrate a reactance modulator 
by applying an adjustable d.c. voltage to the 
modulator grid and noting the change in oscilla-
tor frequency as the voltage is varied. A suitable 
circuit for applying the adjustable voltage is 
shown in Fig. 12-4. The battery should have a 

TO MOD. GRID 
RESISTOR 

Fig. 12-4—D.c. method of checking frequency deviation 
of a reactance-tube-modulated oscillator. A 500- or 

1000-ohm potentiometer may be used at RI. 

voltage of 3 to 6 volts ( two or more dry cells in 
series). The arrows indicate clip connections so 
that the battery polarity can be reversed. 
The oscillator frequency deviation should be 

measured by using a receiver in conjunction 
with an accurately calibrated frequency meter, 
or by any means that will permit accurate 
measurement of frequency differences of a few 
hundred cycles. One simple method is to tune 
in the oscillator on the receiver (disconnecting 
the receiving antenna, if necessary, to keep the 
signal strength well below the overload point) 
and then set the receiver b.f.o. to zero beat. 
Then increase the d.c. voltage applied to the 
modulator grid from zero in steps of about 
volt and note the beat frequency at each 
change. Then reverse the battery terminals and 
repeat. The frequency of the beat note may be 
measured by comparison with a calibrated 
audio-frequency oscillator. Note that with the 
battery polarity positive with respect to ground 
the radio frequency will move in one direction 
when the voltage is increased, and in the other 
direction when the battery terminals are re-
versed. W'hen several readings have been taken 
a curve may be plotted to demonstrate the rela-
tionship between grid voltage and frequency 
deviation. 
A sample curve is shown in Fig. 12-5. The 

usable portion of the curve is the center part 
which is essentially a straight line. The bending 
at the ends indicates that the modulator is no 
longer linear; this departure from linearity will 
cause harmonic distortion and will broaden the 
channel occupied by the signal. In the ex-
ample, the characteristic is linear 1.5 kc. on 
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Fig. 1 2-5—A typical curve of frequency deviation vs. 

modulator grid voltage. 

either side of the center or carrier frequency. 
A good modulation indicator is a "magic-

eye" tube such as the 6E5. This should be con-
nected across the grid resistor of the reactance 
modulator as shown in Fig. 12-6. Note its de-
flection (using the d.c. voltage method as in 
Fig. 12-4) at the maximum deviation to be 
used. For narrow-band f.m. the proper deviation 
is approximately 2000 cycles (this maximum de-
viation is based on an upper a.f. limit of 3000 
cycles and a deviation ratio of 0.7) at the output 
frequency. This deflection represents " 100 per 
cent modulation" and with speech input the gain 
should be kept at the point where it is just 
reached on voice peaks. If the transmitter is 
used on more than one band, the gain control 
should be marked at the proper setting for 

TO GRID 

SPEECH-
AMP 
GAIN 

CONTROL 

+250V. 

Fig. I 2-6-6E5 modulation indicator for f.m. or p.m. modu-
lators. To insure sufficient grid voltage for a good deflec-
tion, it may be necessary to connect the gain control in 

the modulator grid circuit rather than in an 
earlier speech-amplifier stage. 

each band, because the signal amplitude that 
gives the correct deviation on one band will 
be either too great or too small on another. For 
example, if the output frequency is in the 29-Me. 
band and the oscillator is on 7 Mc., the deviation 
at the oscillator frequency should not exceed 
2000/4, or 500 cycles. 

Checking with a Crystal-Filter Receiver 

With p.m. the d.c. method of checking just 
described cannot be used, because the fre-
quency deviation at zero frequency (d.c.) also is 
zero. For narrow-band p.m. it is necessary to 
check the actual width of the channel occupied 
by the transmission. (The same method also can 
be used to check f.m.) For this purpose it is 
necessary to have a crystal-filter receiver and 
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an a.f. oscillator that generates a 3000-cycle 
sine wave. 

Keeping the signal intensity in the receiver 
at a medium level, tune in the carrier at the out-
put frequency. Do not use the a.v.c. Switch on 
the beat oscillator, and set the crystal filter at 
its sharpest position. Peak the signal on the 
crystal and adjust the b.f.o. for any convenient 
beat note. Then apply the 3000-cycle tone to 
the speech amplifier (through an attenuator, 
if necessary, to avoid overloading; see chapter 
on audio amplifiers) and increase the audio 
gain until there is a small amount of modula-
tion. Tuning the receiver near the carrier 
frequency will show the presence of sidebands 
3 kc. from the carrier on both sides. With 
low audio input, these two should be the only 
sidebands detectable. 
Now increase the audio gain and tune the 

receiver over a range of about 10 ke. on both 
sides of the carrier. When the gain becomes high 
enough, a second set of sidebands spaced 6 ke. 
on either side of the carrier will be detected. 
The signal amplitude at which these sidebands 
become detectable is the maximum speech am-
plitude that should be used. If the 6E5 modula-
tion indicator is incorporated in the modulator, 
its deflection with the 3000-cycle tone will 
be the " 100 per cent modulation" deflection for 
speech. 
When this method of checking is used with a 

reactance-tube-modulated fan. (not p.m.) trans-
mitter, the linearity of the system can be 
checked by observing the carrier as the a.f. gain 
is slowly increased. The beat-note frequency 
will stay constant so long as the modulator 
is linear, but nonlinearity will be accompanied 
by a shift in the average carrier frequency 
that will cause the beat note to change in 
frequency. If such a shift occurs at the same 
time that the 6-kc. sidebands appear, the extra 
sidebands may be caused by modulator distor-
tion rather than by an exe,ssive modulation 

index. Ellis means that the modulator is not 
capable of shifting the frequency over a wide-
enough range. The 6-ke. sidebands should ap-
pear before there is any shift in the carrier fre-
quency. 

R.F. Amplifiers 

The r.f. stages in the transmitter that follow 
the modulated stage may be designed and ad-
justed as in ordinary operation. In fact, there 
are no special requirements to be met except 
that all tank circuits should be carefully tuned 
to resonance (to prevent unwanted r.f. phase 
shifts that might interact with the modulation 
and thereby introduce hum, noise and dis-
tortion). In neutralized stages, the neutraliza-
tion should be as exact as possible, also to 
minimize unwanted phase shifts. With f.m. and 
p.m., all r.f. stages in the transmitter can be 
operated at the manufacturer's maximum 
c.w.-telegraphy ratings, since the average 
power input does not vary with modulation as 
it does in a.m. phone operation. 
The output power of the transmitter should be 

checked for amplitude modulation. It should not 
change from the unmodulated-carrier value when 
the transmitter is modulated. If no output in-
dicator is available, a flashlight lamp and loop 
can be coupled to the final tank coil to serve as a 
current indicator. If the carrier amplitude is 
constant, the lamp brilliance will not change with 
modulation. 
Amplitude modulation accompanying fan. 

or p.m. is just as much to be avoided as fre-
quency or pitase modulation that accompanies 
a.m. A mixture of a.m. with either of the other 
two systems results in the generation of spuri-
ous sidebands and consequent widening of the 
channel. If the presence of a.m. is indicated by 
variation of antenna current with modulation, 
the cause i› almost certain to be nonlinearity iii 
the unoduii:tr. 

Reception of F.M. and P.M. Signals 

Receivers for f.m. and p.m. signals differ from 
those for a.m. and s.s.b. principally in two fea-
tures — there is no need for linearity in the am-
plifier stages preceding detection (in fact, it is 
advantageous if the amplitude variations in the 
signal and background noise can be "washed 
out"), and the detector must be capable of con-
verting the frequency variations in the incoming 
signal into amplitude variai ions. These amplitude 
variations, combined with rectification, produce 
an audio voltage corresponding to the frequency 
or phase modulation on the signal. 

Frequency- or phase-modulated signals can be 
received after a fashion on any ordinary receiver 
that has a selectivity curve with sloping sides. As 
shown in Fig. 12-7A, the receiver is tuned so that 
the carrier frequency is placed part-way down on 
one side of the selectivity curve so that the am-
plitude is less than the maximum that would be 

possible with normal tuning. When the frequency 
of the signal varies with modulation it swings 
between some such limits as are indicated in Fig. 
12-7A, resulting in an amplitude-modulated out-
put varying between X and Y. After this f.m.-
to-a.m. conversion the signal goes to a conven-
tional detector (usually a diode) and is rectified 
in the same way as an a.m. signal. 
With most receivers, particularly those having 

steep-sided selectivity curves, the method is not 
very satisfactory because the distortion is quite 
severe unless the frequency deviation is small, 
because the relationship between frequency 
deviation and output atuplitude is linear over 
only a small part of the selectivity curve. 
A detector designed expressly for f.m. or p.m. 

will have a characteristic similar to that shown in 
Fig. 12-7B. The output is zero when the un-
modulated carrier is tuned to the center, 0, of 
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(A) I 

2EVIATIO`. 
LIMITS 

O 

FREQUENCY 

DEVIATION 
LIMITS 

Fig. 12-7—F.m. or p.m. detection characteristics. A— 
"Slope detection," using the sloping side of the receiver's 
selectivity curve to convert f.m. or p.m. to a.m. for subse-
quent rectification. B—Typical discriminator characteristic. 
The straight portion of this curve between the two peaks 
is the useful region. The peaks should always lie outside 

the pass band of the receiver's selectivity curve. 

the characteristic. When the frequency swings 
higher, the rectified output amplitude increases in 
the positive direction (as chosen in this example), 
and when the frequency swings lower the output 
amplitude increases in the negative direction. 
Over the range in which the characteristic is a 
straight line the conversion from f.m. to a.m. is 
linear and there is no distortion. One type of 
detector that operates in this way is the fre-

I.F. T. 
SEC 

(FROM 
I.F 
AMR) 

C 

quency discriminator, which combines the f.m.-
to-a.m. conversion with rectification to give an 
audio-frequency output from the frequency-
modulated r.f. signal. 

Limiter and Discriminator 

A practical discriminator circuit is shown in 
Fig. 12-8. The f.m.-to-a.m. conversion takes 
place in transformer T1, which operates at the 
intermediate frequency of a superheterodyne 
receiver. The voltage induced in the transformer 
secondary, S, is 90 degrees out of phase with the 
primary current. The primary voltage is intro-
duced at the center tap on the secondary through 
C1 and combines with the secondary voltages on 
each side of the center tap in such a way that the 
resultant voltage on one side of the secondary 
leads the primary voltage and the voltage on the 
other side lags by the same phase angle, when the 
circuits are resonated to the unmodulated carrier 
frequency. When rectified, these two voltages are 
equal and of opposite polarity. If the frequency 
changes, there is a shift in the relative phase of 
the voltage components that results in an in-
crease in output amplitude on one side of the 
secondary and a corresponding decrease in ampli-
tude on the other side. Thus the voltage applied 
to one diode of V2 increases while the voltage 
applied to the other diode decreases. The differ-
ence between these two voltages, after rectifica-
tion, is the audio-frequency output of the 
detector. 
The output amplitude of a simple discriminator 

depends on the amplitude of the input r.f. signal, 
which is undesirable because the noise-reducing 
benefits of f.m. are not secured if the receiving 
system is sensitive to amplitude variations. A 
discriminator is always preceded by some form of 
amplitude limiting, therefore. The conventional 
type of limiter also is shown in Fig. 12-8. It is 
simply a pentode i.f. amplifier, VI, with its oper-
ating conditions chosen so that it "saturates" on 
a relatively small signal voltage. The limiting 
action is aided by grid rectification, with grid-leak 

50K Olpf. 

T, 

33K ICOK 

RFC, 

1  100 K 

KI L74 °14e  

500K 

AUDIO 
OUT 

+8 (250-300V.) 

Fig. 12-8—Limiter-discriminator circuit. This type of circuit is frequently used at 455 kc. in the form of an "adapter" 
for communications receivers, for reception of narrow-band f.m. signals. 
Cs—App. 100 µµf. for 455-kc. i.f.; 50 med. for higher RFC1-10 mh. r.f. choke for 455-kc. If.; 2.5 mh. satis-

frequencies. factory for frequencies above 3 Mc. 
Ti— Discriminator transformer for intermediate frequency V1-6AU6 or equivalent. 

used. Push-pull diode transformer may be sub- V2-6AL5 or equivalent. 
stituted. 
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bias developed in the 50,000-ohm resistor in the 
grid circuit. Another contributing factor is low 
screen voltage, the screen voltage-divider con-
stants being chosen to result in about 50 volts on 
the screen. 

Receiver Tuning with an F.M. Detector 

In tuning a signal with a receiver having a dis-
criminator or other type of f.m. detector the tun-
ing controls should be adjusted to ('enter the 

carrier on the detector characteristic. At this 
point the noise suppression is most marked, so 
the proper setting is easily recognized. An am-
plitude-modulated signal tuned at the same point 
will have its modulation "washed off" if the signal 
is completely limited in amplitude and the dis-
criminator alignment is symmetrical. With either 
f.m. or a.m. signals, there will be a distorted 
audio-frequency output if the receiver is tuned 
"off center." 

Radioteletype 
Radioteletype (abbreviated RTTY) is a foros of 

telegraphic communication employing type-
writer-like machines for 1) generating a coded set 
of electrical impulses when a typewriter key cor-
responding to the desired letter or symbol is 
pressed, and 2) converting a received set of such 
impulses into the corresponding printed charac-
ter. 'I'he message to be sent is typed out in much 
the same way that it would be written on a type-
writer, but the printing is done at the distant 
receiving point. The teletypewriter at the sending 
point also prints the same material, for checking 
and reference. 
The machines used for RTTY are far too com-

plex mechanically for home construction, and if 
purchased new would be highly expensive. How-
ever, used teletypewriters in good mechanical 
condition are available at quite reasonable prices. 
These are machines retired from commercial 
service but capable of entirely satisfactory opera-
tion in amateur work. They may be obtained 
from a number of sources ( latest information on 
this may be obtained from ARRL, West Hart-
ford, Conn.) on condition that they will be used 
purely for amateur purposes and will not be re-
sold for commercial use. 

Types of Machines 

There are two general types of machines, the 
page printer and the tape printer. The former 
prints on a paper roll about the same width as a 
business letterhead. The latter prints on paper 
tape, usually gummed on the reverse side so it 
may be cut to letter-size width and pasted on a 
sheet of paper in a series of lines. The page printer 
is the more common type in the equipment avail-
able to amateurs. 
The operating speed of most machines is such 

that characters are sent at the rate of about 60 
words per minute. Ordinary teletypewriters are 
of the start-stop variety, in which the pulse-form-
ing mechanism (motor driven) is at rest until a 
typewriter key is depressed. At this time it begins 
operating, forms the proper pulse sequence, and 
then comes to rest again before the next key is 
depressed to form the following character. The 
receiving mechanism operates in similar fashion, 
being set into operation by the first pulse of the 
sequence from the transmitter. Thus, although 
the actual transmission speed cannot exceed 
about 60 w.p.m. it can be considerably slower, 

depending on the typing speed of the operator. 
It is also possible to transmit by using per-

forated tape. This has the advantage that the 
complete message may be typed out in advance 
of actual transmission, at any convenient speed; 
when transmitted, however, it is sent at the ma-
chine's normal maximum speed. A special trans-
mitting head and tape perforator are required 
for this process. A reperforator is a device that 
may be connected to the conventional teletype-
writer for punching tape when the machine is 
operated in the regular way. It may thus be used 
either for an original message or for "taping" an 
incoming message for retransmission. 

Teletype Code 

In the special code used for teletype every 
character has five "elements" sent in sequence. 
Each element has two possible states, either 
"mark" or "space," which are indicated by 
different types of electrical impulses ( i.e., mark 
might be indicated by a negative voltage and 
space by a positive voltage). In customary prac-
tice each element occupies a time of 22 milli-
seconds. In addition, there is an initial "start" 
element (space), also 22 milliseconds long, to set 
the transmitting and receiving mechanisms in 
operation, and a terminal "stop" element (mark) 
31 milliseconds long, to shut down the operation 
and ready the machine for the next character. 

This sequence is illustrated in Fig. 12-9, which 

MARK - 

SPACE 

LE1TER 

I I 

START 1 2 3 4 5 STOP  

r22/45,4-22MS,4-22105,41422mO-41422125,4422m1..q._5114S1 

 MOOS  

Fig. 12-9— Pulse sequence in the teletype code. Each 
character begins with a start pulse, always a "space," and 
ends with a " stop" pulse, always a " mark." The distribution 
of marks and spaces in the five elements between start and 

stop determines the particular character transmitted. 

shows the letter G with its start and stop ele-
ments. The letter code as it would appear on 
perforated tape is shown in Fig. 12-10, where the 
black dots indicate marking pulses. Figures and 
arbitrary signs — punctuation, etc. — use the 
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FIGURES — 
LETTERS — 

FEED HOLES 2 

5 

ABC 
3 

DE FG HI JKL 
9 0 1 4 57 

MNOP ORS TU 
2 6 

VWXYZ 

• • • • • • • 
• • • • • • • 

• • • • • • • • • 
• • • • • • • • • 

• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • 
• • • • • • • • •   • • 

There are no lower-case 

Fig. 1 2-1 0—Teletype letter code 
as it appears on perforated 
tape. Start and stop elements do 
not appear on tape. Elements are 
numbered from top to bottom. 
and dots indicate marking pulses. 
Numerals, punctuation signs, and 
other arbitrary symbols are 
secured by carriage shift. 

letters on a teletypewriter. Where blanks appear in the above chart in the "FIGS" line, 
characters may differ on different machines. 

same set of code impulses as the alphm bet, and 
are selected by shifting the carriage as in t he case 
of an ordinary typewriter. The carriage shift is 
accomplished by transmitting either the "LTRS" 
or "FIGS" code symbol as required. There is also 
a "carriage return" code character to bring the 
carriage back to the starting position after the 
end of the line is reached on a page printer, and 
a "line feed" character to advance the page to the 
next line after a line is completed. 

Additional System Requirements 

To be used in radio communication, the pulses 
(d.c.) generated by the teletypewriter must be 
utilized in some way to key a radio transmitter 
so they may be sent in proper sequence and usable 
form to a distant point. At the receiving end the 
incoming signal must be converted into d.c. 
pulses suitable for operating the printer. These 
functions, shown in block form in Fig. 12-11, are 

RADIO 

TRANSMITTER 

NE YEN YER 

ELETYPEWRITER 

RADIO 

RECEIVER 

RECEIVING 

CONVERTER 

Fig. 12-11 — Radioteletype system in block form. 

performed by electronic units known respectively 
as the keyer and receiving converter. 
The radio transmitter and receiver are quite 

conventional in design. Practically all the special 
features needed can be incorporated in the keyer 
and converter, so that any ordinary amateur 
equipment is suitable for RTTY with little 
modification. 

Transmission Methods 

It is quite possible to transmit teletype signals 
by ordinary "on-off" or "make-break" keying 
such as is used in regular hand-keyed c.w. trans-
mission. In practice, however, frequency-shift 
keying is preferred because it gives definite pulses 
on both mark and space, which is an advantage in 
printer operation. Also, since f.s.k. can be received 
by methods similar to those used for f.m. recep-
tion, there is considerable discrimination against 
noise, both natural and man-made, distributed 
uniformly across the receiver's pass band, when 
the received signal is not too weak. Both factors 
make for increased reliability in printer operation. 

Frequency-Shif t Keying 

General practice with f.s.k. is to use a frequency 
shift of 850 cycles per second, although FCC 
regulations permit the use of any value of fre-
quency shift up to 900 cycles. The smaller values 
of shift have been shown to have a signal-to-noise-
ratio advantage in commercial circuits, and are 
currently being experimented with by amateurs. 
At present, however, the major part of amateur 
RTTY work is done with the 850-cycle shift. 
This figure also is used in much commercial work. 
The nominal transmitter frequency is the mark 
condition and the frequency is shifted 8.50 cycles 
(or whatever shift may be chosen) lower for space. 
On the v.h.f. bands where A2 transmission is 

permitted audio frequency-shift keying (a.f.s.k.) 
is generally used. In this case the r.f. carrier is 
transmitted continuously, the pulses being trans-
mitted by frequency-shifted tone modulation. 
The audio frequencies used have been more-or-
less standardized at 2125 and 2975 cycles per 
second, the shift being 850 cycles as in the case of 
straight f.s.k. (These frequencies are the 5th and 
7th harmonics, respectively, of 425 cycles, which 
is half the shift frequency, and thus are conven-
ient for calibration and alignment purposes.) 
With a.f.s.k. the lower audio frequency is custom-
arily used for mark and the higher for space. 

The Receiving Converter 

In receiving an f.s.k. teletype signal, the 
receiver's beat-frequency oscillator is turned on 
as for ordinary c.w. reception and the receiver 
tuning is then adjusted so that the mark and 
space signals produce audio beat tones of 2125 
and 2975 cycles. Either frequency can be used for 

either mark or space, but no matter which may 
be used at the transmitter, the mark and space 
frequencies can be reversed at the receiver simply 
by tuning to the " other side of zero beat." (This 
cannot be done with a.f.s.k., of course, but the 
reversal can be accomplished quite simply, if 
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REC. 
OUTPUT 

6SL7 

Ir  

CR C•R2 

I5D 
I 

6SL7 6SN7 

• 

6%5 

Fig. 12- 12—Receiving converter for f.s.k. teletype signals (W2PAT). Unless otherwise indicated, capacitances are in µf. 
resistances are in ohms, resistors are 1/2  watt. Capacitors of 0.01 gf. or ess may be mica or ceramic; larger values may 
be paper. Capacitors with polarities indicated are electrolytic. 

C1-0.15-0. paper. 
C2-0.1-µf. paper. 
CRI, CR2-1N34 or equivalent. 
Ki— Polar relay, to operate on 20 ma. 
1.1-36 mh. (TV width control, GE type RID-019). 
1.2-29 mh. (TV width control, GE type RID-014). 
MI—Zero-center d.c. milliammeter, 20 ma. or more full 

scale (may be a 100-0-100 microammeter ap-
propriately shunted). 

necessary, by interchanging the outputs from the 
two frequencies as applied to the printer.) The 
audio-frequency tones are applied to separate 
rectifiers to convert them into d.c. impulses, 
which may then be further amplified to the 
power level required to operate the printer. 
The receiving converter which performs these 

functions generally will include means for clipping 
or limiting the signals so they are held at constant 
amplitude, and may also include provision for 
some shaping of the pulses to overcome distortion 
that occurs in transmission. There are many ways 
by which these results can be accomplished, and 
the higher the order of performance the more 
complicated the circuits become. However, satis-
factory results under reasonably good receiving 
conditions can be secured with relatively simple 
equipment, and the " basic" circuit shown in 
Fig. 12-12 has proved to be quite successful in 
practice. It operates as follows: 
When audio output from the receiver is ap-

plied, the two diodes, CRI and CR.2, which are 
biased with approximately 0.3 volt, limit t he 
peak voltage at the grid of 1 he limiter tube, VIA, 
to 0.6 volt or less for signal voltages up to 30 volts 
or more. Additional limiting in VIA further 
stabilizes the voltage level. 1718 is primarily an 

12i-50,000-ohm volume control, linear taper. 
R3-1000 ohms, 1 watt. 
51-5.p.s.t. toggle. 
Ti— Power transformer, 500 volts c.t., 30 ma; 6.3 volts 

3 amp. 
V2-651.7 (or 12.4X7). 

V2-6SN7GT (or 12AU7). 

amplifier, and delivers approximately 15 volts 
output, constant to within 1 dl). for receiver out-
put voltages varying between about 0.5 volt and 
more than :30 volts. 
The two tones, thus limited in amplitude, 

are applied to two simple filter circuits, LIC1 
and L2C2, tuned to 2125 and 2975 cycles, respec-
tively. The two tones are thus separated, one 
being applied to the grid of V2A and the other 
to the grid of V28. V2A and V28 operate as 
grid-leak detectors, and when a signal is applied 
to, say, V2A, the flow of grid current causes the 
grid to be driven practically to plate-current 
cutoff. As a result the plate voltage On V2A, 
normally 15 volts with no signal, rises to 50 volts. 
This is sufficient to ignite the neon lamp con-
nected between the plate of V2A and the grid 
of Ven, and a positive bias of about 25 volts is 
applied to the grid of Ves. Vea then takes a 
plate current of about 20 ma. and a bias of 20 
volts is developed across the commun cathode 
resistor, R2. This is sufficient to eut off the plate 
current of V3A, hence the left-hand magnet of 
the polarized relay, K1, is inoperative while the 
right-hand magnet closes the contacts on its side. 
A similar action takes place when a signal is 
applied to the grid of V28 but not to V2A; in this 

PRINT 

332 



Radioteletype 
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TO GSL7 DE7 
PLATES 
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o  

NE-5I 

(6G 

6.3V 

case the relay contacts are pulled to the left. The 
relay thus keys the mark and space voltages 
applied to the printer. 

Potentiometer RI is adjusted so that incoming 
noise (which will affect both channels equally) is 
balanced out and does not cause K1 to operate. 
The neon lamps improve the operation of the 
circuit by acting as switches, thus making a 
sharp demarcation between mark and space 
pulses. 
The zero-center meter, M I, is not a necessity 

but is a convenience in making adjustments. 
RI should be adjusted on receiver noise for zero 
reading. With a 2125-cycle tone the pointer will 

50K 

 0 + 
250V. 

Fig. 12-13—Modification of converter cir-
cuit for use with single-magnet printers. 
Unless otherwise indicated, capacitances 
are in .if., resistances in ohms, resistors are 

V2 Watt. 

02 MI—Zero-center d.c. milliammeter, 100 
ma. full scale (may be microam-
meter with appropriate shunt). 

121- 50,000-ohm volume control. 

swing to the left and LI should be adjusted for 
maximum deflection. With a 2975-cycle tone the 
pointer will swing to the right and L2 should be 
adjusted for maximum deflection. Equal deflec-
tions should be obtained from both channels. 
The keying circuit shown in Fig. 12-12 is for 

use with the Model 12 machine which requires 
an external power supply. For machines having a 
single selector magnet the modification shown in 
Fig. 12-13 may be used so the printer may be 
operated directly. These machines usually re-
quire a current of 60 ma., which will be furnished 
by this circuit and may be adjusted to the correct 
value by means of RI. 

Frequency-Shift Keyers 

The keyboard contacts of the teletypewriter 
actuate a direct-current circuit that operates the 
printer magnets, and a pair of terminals is pro-
vided at which a keyed d.c. signal of the order of 
100 volts is available. (Some machines, such as 
the Model 12, require an external d.c. power 
supply for this purpose; others have self-con-
tained power supplies.) In the " resting" or non-
operating condition the contacts are closed 
(mark) and the voltage at the terminals, which 
are in parallel with the contacts, is zero. In opera-
tion, the contacts open for " space" and the full 
voltage appears across the terminals. As normally 
connected, the spacing signal is of positive 
polarity. 

This keyed d.c. voltage may be used to operate 
a keyer circuit for the radio transmitter, provided 
it is not " loaded" to such an extent that it affects 
the operation of the printer. Alternatively, the 
keyed current, rather than the voltage, may be 
used for external keying. This can be done by 
using an auxiliary keying relay with its coil con-
nected in series with the printer magnet or relay 
circuit. A fast-acting relay must be used, and the 
coil must be one that will operate satisfactorily 
on the current available in the printer circuit. 
This will usually be either 20 or 60 milliamperes, 
depending on the type of machine. 

F. S.K. with Variable-Frequency Oscillators 

Perhaps the simplest satisfactory circuit for 
frequency-shift keying a v.f.o. is the one shown 
in Fig. 12-14A. This operates from the voltage 
available at the keyboard contact terminals 
and uses a reactance tube to obtain the required 
frequency shift. 
The frequency shift is obtained by changing 

the plate resistance of the reactance tube, V2, so 
that in effect the variable capacitor C2 is alter-
nately disconnected or connected in parallel with 
the tuning capacitor in the v.f.o. tank circuit. 
With no voltage applied to the grid, V2 is biased 
so that the plate current is low and the effect of 
C2 on the oscillator frequency is small. When a 
positive voltage from the keyboard contacts is 
applied to the grid the plate resistance is low and 
the oscillator frequency becomes lower because 
of the greater effect of C2. The amount of fre-
quency shift depends on the capacitance of C2 
and the amplitude of the positive voltage applied 
to the grid of V2. The latter can be controlled 

by Ri. 
CI, the associated 20,000-ohm resistor, and the 

neon bulb, VI, constitute a filter for removing 
clicks generated at the keyboard contacts. The 
value of C1 depends somewhat on the machine, 
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FROM KEYBOARD 
CONTACTS 
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+150 REG. 

1000 
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RELAY COIL IN SERIES 
te, WITH KEYBOARD CONTACTS 

(3) 

5600 

+150 

and values up to 0.25 pf. can be used, if necessary, 
without objectionable distortion of the keying 
Pulses. The capacitance should be adjusted for 
clickless keying. 
The frequency-shift circuit should be initially 

adjusted at the lowest radio frequency to be use I. 
since the shift will be smallest in this case. If 

is set so a shift of 850 cycles is obtained at, t his 
frequency, further adjustment of the shift may be 
made by means of RI. If the transmitter output 
is on a higher-frequency band than that on which 
the v.f.o. operates, the shift at the v.f.o. funda-
mental frequency must be reduced accordingly. 

F.S.K. With Crystal Oscillators 

Fig. 12-14B is a circuit which has been found 
to give a frequency shift of 850 cycles or more 
with crystals of the type ordinarily used for 
frequencies of the order of 3.5 Mc. and higher. 
This is an oscillator of the " grid-plate" type 
discussed in Chapter 6 on transmitters, with 
the addition of a variable capacitor, C3, in series 
with the crystal. C3 reduces the total capacitance 
across the crystal and thus raises the oscillation 
frequency. When it is shorted out the capacitance 
across the crystal is higher and the resulting fre-
quency is lower. 
Although relay contacts could be used for 

shorting the capacitor, the diode arrangement 
shown in Fig. 12-14B is more reliable in practice. 
With the contacts of 1(5 open there is no d.c. 
path through CR2 and it acts simply as a small 
capacitance (about 1 ¡Ad.) in parallel with C. 
When the contacts of K1 are closed there is a d.c. 
circuit through CR 1, CR2 and the 1000-ohm re-
sistor. Thus there is a path for direct current 

100 

TO BUFF 
AMP 

Fig. 12-14— Frequency-shift keyer cir-
cuits. Unless otherwise indicated, ca-
pacitances are in gAif., resistances are in 
ohms, resistors are 1/2  watt. A—React-
ance-tube keyer for use with variable. 
frequency oscillator (W6OWP). B— 
Crystal oscillator circuit (W2PAT). It 
is essential that all leads associated with 
the crystal portion of the circuit be held 
to o small fraction of an inch in length if 

maximum shift is desired. 

CI—Paper (see text). 
C2- 50-ilpf. midget variable. 
Co- 100-pØ. midget variable. 
CRI, CR2-1N34 or equivalent. 
Ki— Normally closed relay, fast oper-

ating, coil current according to 
printer magnet or relay current 

Ri —Volume control. 
Si — S.p.s.t. toggle. 
Vi — 1-watt neon bulb without base 

resistor. 
Vs-6C4 or equivalent. 
V3-6AK5 or equivalent. 

flow as a result of rectification of the r.f. voltage 
across (W2. Because of the d.c. bias the resistance 
of CR2 drops to a low value and C3 is effectively 
shorted out. 

Adjustment of the circuit consists simply of 
determining the setting of C3 at which the operat-
ing frequency is 850 celes (or the desired shift) 
higher with the contacts of K5 open than the 
frequency when the relay contacts are closed. 
A normally closed relay is used in order to make 
the mark frequency lower than the space fre-
quency, in accordance with usual practice. 

Frequency Adjustment 

The frequency shift, whatever the type of cir-
cuit, should be made as nearly exact as available 
equipment will permit, since the shift must match 
the frequency difference between the filters in 
the receiving converter if the signals are to be 
usable at the receiving end. An accurately cali-
brated audio oscillator is useful for this purpose. 
To check, the mark frequency should be tuned in 
on the station receiver, with the b.f.o. on, and the 
receiver set to exact zero beat (see Chapter 21 on 
measurements for identification of exact zero 
beat). The space frequency should then be ad-
justed to exactly the desired shift. This may be 
done by adjusting for an auditory zero beat 
between the beat tone from the receiver and the 
tone from the audio oscillator. If an oscilloscope 
is available, the frequency adjustment may be 
accomplished by feeding the receiver tone to the 
vertical plates and the audio-oscillator tone to 
the horizontal plates, and then adjusting the 
space frequency for the elliptical pattern that 
indicates the two frequencies are the same. 
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CHAPTER 13 

Transmission Lines 
The place where r.f. power is generated is very 

frequently not the place where it is to be utilized. 
A transmitter and its antenna are a good ex-
ample: The antenna, to radiate well, should be 
high above the ground and should be kept clear 
of trees, buildings and other objects that might 
absorb energy, but the transmitter itself is most 
conveniently installed indoors where it is readily 
accessible. 
The means by which power is tr:oisported 

from point to point is the r.f. tran,,ti -- lull line. 

At radio frequencies a transmission line exhibits 
entirely different characteristics than it does at 
commercial power frequencies. This is because 
the speed at which electrical energy travels, while 
tremendously high as compared with mechanical 
motion, is not infinite. The peculiarities of r.f. 
transmission lines result from the fact that a 
time interval comparable with an r.f. cycle must 
elapse before energy leaving one point in the 
circuit can reach another just a short distance 
a‘vay. 

Operating Principles 
If a source of e.m.f. — a battery, for example 

— is connected to the ends of a pair of insulated 
parallel wires that extend outward for an infinite 
distance, electric currents will immediately be-
come detectable in the wires near the battery 
terminals. The electric field of the battery will 
cause free electrons in the wire connected to the 
positive terminal to be attracted to the battery, 
and an equal number of free electrons in the wire 
connected to the negative terminal will be re-
pelled from the battery. These currents do not 
flow instantaneously throughout the length of 
the wires; the electric field that causes the elec-
tron movement cannot travel faster than the 
speed of light, so a measurable interval of time 
elapses before the currents become evident even 
a relatively short distance away. 

For example, the currents would not become 
detectable 3(X) meters (nearly 1000 feet) from 
the battery until at least a microsecond (one 
millionth of a second) alter the connection was 
made. By ordinary standards this is a very short 
length of time, but in terms of radio frequency it 
represents the time of one complete cycle of a 
1000-kilocycle current — a frequency consid-
erably lower than those with which amateurs 
communicat e. 
The current flows to charge the capacitance 

between the two wires. However, the conductors 
of this "linear" capacitor also have appreciable 
inductance. The line may be thought of as being 

Fig. 13-1—Equivalent of a transmission line in lumped cir-
cuit constants. 

composed of a whole series of small inductances 
and capacitances connected as shown in Fig. 13-1, 
where each coil is the inductance of a very short 
section of one wire and each capacitor is the 
capacitance between two such short sections. 

Characteristic Impedance 

An infinitely long chain of coils and capaci-
tors connected as in Fig. 13-1, where the small 
inductances and capacitances all have the same 
values, respectively, has an important property. 
To an electrical impulse applied at one end, the 
combination appears to have an impedance — 
called the characteristic impedance or surge im-
pedance — approximately equal to VL/C, 
where L and C are the inductance and capaci-
tance per unit length. This impedance is purely 
resistive. 

In defining the characteristic impedance as 
/L/C, it is assumed that the conductors have 

no inherent resistance — that is, there is no 
/2R loss in them — and that there is no power 
loss in the dielectric surrounding the conduc-
tors. There is thus no power loss in or from the 
line no matter how great its length. This may not 
seem consistent with calling the characteristic 
impedance a pure resistance, which implies that 
the power supplied is all dissipated in the line. 
But in an infinitely long line the effect, so far as 
the source of power is concerned, is exactly the 
same as though the power were dissipated in a 
resistance, because the power leaves the source 
and travels outward forever along the line. 
The characteristic impedance determines the 

amount of current that can flow when a given 
voltage is applied to an infinitely long line, 
in exactly the same way that a definite value 
of actual resistance limits current flow when a 
voltage is applied. 
The inductance and capacitance per unit 

length of line depend upon the size of the con-
ductors and the spacing between them. The 
closer the two conductors and the greater their 
diameter, the higher the capacitance and the 
lower the inductance. A line with large con-
ductors closely spaced will have low impedance, 
while one with small conductors widely spaced 
will have relat ively high impedance. 

"Ma tched " Lines 

Actual transmission lines do not extend to 
infinity but have a definite length and are con-
nected to, or terminate in, a load at the "output" 
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13- TRANSMISSION LINES 

end, or end to which the power is delivered. If 
the load is a pure resistance of a value equal to 
the characteristic impedance of the line, the line 
is said to be matched. To current traveling along 
the line such a load just looks like still more 
transmission line of the same characteristic im-
pedance. 
In other words, a short line terminated in a 

purely resistive load equal to the characteristic 
impedance of the line acts just as though it were 
infinitely long. In a matched transmission line, 
power travels outward along the line from the 
source until it reaches the load, where it is com-
pletely absorbed. 

R.F. on Lines 

The principles discussed above, although based 
on direct-current flow from a battery, also hold 
when an r. f. voltage is applied to the line. The 
difference is that the alternating voltage causes 
the amplitude of the current at the input termi-
nals of the line to vary with the voltage, and the 
direction of current flow also periodically reverses 
when the polarity of the applied voltage reverses. 
The current at a given instant at any point along 
the line is the result of a voltage that was applied 
at some earlier instant at the input terminals. 
Since the distance traveled by the electromagnetic 
fields in the time of one cycle is equal to one wave-
length (Chapter 2), the instantaneous amplitude 
of the current is different at all points in a one-
wavelength section of line. In fact, the current 
flows in opposite directions in the same wire in 
successive half-wayelength sections. However, 
at any given point along the line the current goes 
through similar variations with time that the 
current at the input terminals did. 
Thus the current (and voltage) travels along 

the wire as a series of waves having a length equal 
to the speed of travel divided by the frequency 
of the a.c. voltage. On an infinitely long line, or 
one properly matched by its load, an ammeter 
inserted anywhere in the line will show the same 
current., because the ammeter averages out the 
variations in current during a cycle. It is only 
when the line is not properly matched that the 
wave motion becomes apparent through observa-
tions ma( k vith ordinary instruments. 

• STANDING WAVES 
In the infinitely long line (or its matched 

counterpart) the impedance is the same at any 
point on the line because the ratio of voltage to 
current is always the same. However, the im-
pedance at the end of the line in Fig. 13-2 is zero 
— or at least extremely small — because the line 
is short-circuited at the end. The outgoing power, 
on meeting the short-circuit, reverses its direction 
of flow and goes back along the transmission line 
toward the input end. There is a large current in 
the short-circuit, but substantially no voltage 
across the line at this point. We now have a volt-
age and current representing the power going out-
ward (incident power) toward the short-circuit, 

and a second voltage and current representing the 
reflected power traveling back toward the source. 
The reflected current travels at the same speed 

as the outgoing current, so its instantaneous 
value will be different at every point along the 
line, in the distance represented by the time of 
one cycle. At some points along the line the phase 
of the incident, and refit 4.t ed currents will be such 
that the currents cancel each other while at 
others the amplitude will be doubled. At in-
between points the amplitude is between these 
two extremes. The points at which the currents 
are in and out of phase depend only on the time 
required for them to travel and so depend only on 
the distance along the line from the point of 
reflection. 

In the short-circuit at the end of the line the 
two current components are in phase and the 
total current is large. At a distance of one-half 
wavelength back along the line from the short-
circuit the outgoing and reflected components 
will again be in phase and the resultant current 
will again have its maximum value. This is also 
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Fig. 13-2—Standing waves of voltage and current along 

short-circuited transmission line. 

true at any point that is a multiple of a half 
wavelength from the short-circuited end of the 
line. 
The outgoing and reflected currents will cancel 

at a point one-quarter wavelength, along the line, 
from the short-circuit. At this point, then, the 
current will be zero. It will also be zero at all 
points that are an odd multiple of one-quarter 
wavelength from the short-circuit. 

If the current along the line is measured at 
successive points with an ammeter, it will be 
found to vary about as shown in Fig. 13-2B. The 
same result would be obtained by measuring the 
current in either wire, since the ammeter cannot 
measure phase. However, if the phase could be 
checked, it would be found that in each successive 
half-wavelength section of the line the currents at 
any given instant are flowing in opposite direc-
tions, as indicated by the solid line in Fig. 13-2C. 
Furthermore, the current in the second wire is 
flowing in the opposite direction to the current 
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Standing Waves 

in the adjacent section of the first wire. This is 
indicated by the broken curve in Fig. 13-2C. 
The variations in current intensity along the 
transmission line are referred to as standing 
waves. The point of maximum line current is 
called a current loop or current antinode and 
t he point of minimum line current is called 
a current node. 

Voltage Relationships 

Since the end of the line is short-circuited, 
the voltage at that point has to be zero. This 
can only be so if the voltage in the outgoing 
wave is met, at the end of the line, by a re-
flected voltage of equal amplitude and op-
posite polarity. In other words, the phase of 
the voltage wave is reversed when reflection takes 
place from the short-circuit. This reversal is 
equivalent to an extra half cycle or half wave-
length of travel. As a result, the outgoing and 
returning voltages are in phase a quarter wave-
length from the end of the line, and again out of 
phase a half wavelength from the end. The stand-
ing waves of voltage, shown at D in Fig. 13-2, are 
therefore displaced by one-quarter wavelength 
from the standing waves of current. The drawing 
at E shows the voltages on both wires when phase 
is taken into account. The polarity of the voltage 
on each wire reverses in each half wavelength 
section of transmission line. A voltage maximum 
is called a voltage loop or antinode and a voltage 
minimum is called a voltage node. 

Open-Circuited Line 

If the end of the line is open-circuited instead 
of short-circuited, there can be no current at the 
end of the line but a large voltage can exist. Again 
the incident power is reflected back toward the 
source. The incident and reflected components of 
current must be equal and opposite in phase at 
the open circuit in order for the total current at 
the end of the line to be zero. The incident and 
reflected components of voltage are in phase and 
add together. The result is again that there are 
standing waves, but the conditions are reversed 
as compared with a short-circuited line. Fig. 13-3 
shows the open-circuited line case. 

11/2x i)v, A V4A Ye. so.. tEnaril 

Open. 
circuit 

Current 
along line 
as measured 
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Current 
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including 
polarity 

Voltage 
along line 
disregarding 
polarity 

Voltage 
clistribUtion 
including 
polarity 

Fig. 13-3—Standing waves of current and voltage along 
an open-circuited transmission line. 
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Fig. 13-4—Standing waves on a transmission line terminated 
in a resistive load. 

Lines Terminated in Resistive Load 

Fig. 13-4 shows a line terminated in a resistive 
load. In this case at least part of the incident 
power is absorbed in the load, and so is not avail-
able to be reflected back toward the source. Be-
cause only part of the power is reflected, the re-
flected components of voltage and current do not 
have the same magnitude as the incident com-
ponents. Therefore neither voltage nor current 
cancel completely at any point along the line. 
However, the speed at which the incident and 
reflected components travel is not affected by 
their amplitude, so the phase relationships are 
similar to those in open- or short-circuited lines. 

It was pointed out earlier that if the load re-
sistance, ZR, is equal to the characteristic im-
pedance, Zo, of the line all the power is absorbed 
in the load. In such a case there is no reflected 
power and therefore no standing waves of current 
and voltage. This is a special case that represents 
the change-over point between "short-circuited" 
and "open-circuited" lines. If ZR is less than Zo, the 
current is largest at the load, while if ZR is greater 
than Zo the voltage is largest at the load. The two 
conditions are shown at B and C, respectively, in 
Fig. 13-4. 
The resistive termination is an important 

practical case. The termination is seldom an 
actual resistor, the most common terminations 
being resonant circuits or resonant antenna sys-
tems, both of which have essentially resistive 
impedances. If the load is reactive as well as 
resistive, the operation of the line resembles that 
shown in Fig. 13-4, but the presence of reactance 
in the load causes two modifications: The loops 
and nulls are shifted toward or away from the 
load; and the amount of power reflected back 
toward the source is increased, as compared with 
the amount reflected by a purely resistive load of 
the same total impedance. Both effects become 
more pronounced as the ratio of reactance to re-
sistance in the load is made larger. 

Standing-Wave Ratio 

The ratio of maximum current to minimum 
current along a line, Fig. 13-5, is called the 
standing-wave ratio. The same ratio holds for 
maximum voltage and minimum voltage. It is a 
measure of the mismatch between the load and 
the line, and is equal to 1 when the line is per-
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fectly matched. (In that case the "maximum" 
and "minimum" are the same, since the current 
and voltage do not vary along the line.) When 
the line is terminated in a purely resistive load, 
the standing-wave ratio is 

ZR Zo 
S.W.R. = — or — 

Zo ZR 

Where S.W.R. = Standing-wave ratio 

ZR = Impedance of load (must be 
pure resistance) 

Zo = Characteristic impedance 
line 

Example: A line having a characteristic im-
pedance of 300 ohms is terminated in a resis-
tive load of 25 ohms. The s.w.r. is 

Zo 300 
S.W.R. = — = — = 12 to 

ZR 25 

It is customary to put the larger of the two 
quantities, ZR or Zo, in the numerator of the 
fraction so that the s.w.r. will be expressed by a 
number larger than 1. 

It is easier to measure the standing-wave ratio 
than some of the other quantities (such as the 

1.5 

L1J 1.0 

cL 
0.5 

(I3-A) 

of 

DISTANCE ALONG LINE 

Fig. 13-5—Measurement of standing-wove ratio. In this 
drawing, is 1.5 and Ii is 0.5, so the s.w.r. = 1.4 

= 1.5, 0.5 = 3 to 1. 

impedance of an antenna) that enter into trans-
mission-line computations. Consequently, the 
s.w.r. is a convenient basis for work with lines. 
The higher the s.w.r., the greater the mismatch 
between line and load. In practical lines, the 
power loss in the line itself increases with the 
s.w.r., as shown later. 

• INPUT IMPEDANCE 

The input impedance of a transmission line is 
the impedance seen looking into the sending-end 
or input terminals; it is the impedance into which 
the source of power must work when the line is 
connected. If the load is perfectly matched to the 
line the line appears to be infinitely long, as 
stated earlier, and the input impedance is simply 
the characterist ic impedance of the line itself. 
However, if there are standing waves this is no 
longer true; the input impedance may have a 
wide range of values. 
This can be understood by referring to Figs. 

13-2, 13-3, or 13-4. If the line length is such that 
standing waves cause the voltage at the input 
terminals to be high and the current low, then the 

input impedance is higher than the Zo of the line, 
since impedance is simply the ratio of voltage to 
current. Conversely, low voltage and high current 
at the input terminals mean that the input im-
pedance is lower than the line Zo. Comparison of 
the three drawings also shows that the range of 
input impedance values that may be encountered 
is greater when the far end of the line is open- or 
short-circuited than it is when the line has a 
resistive load. In other words, the higher the 
s.w.r. the greater the range of input impedance 
values when the line length is varied. 

In addition to the variation in the absolute 
value of the input, impedance with line length, the 
presence of standing waves also causes the input 
impedance to contain both reactance and resist-
ance, even though the load itself may be a pure 
resistance. The only exceptions to this occur at 
the exact current loops or nodes, at which points 
the input impedance is a pure resistance. These 
are the only points at which the outgoing and 
reflected voltages and currents are exactly in 
phase: At all other distances along the line the 
current either leads or lags the voltage and the 
effect is exactly the same as though a capacitance 
or inductance were part of the input impedance. 
The input impedance can be represented 

either I ,y a resistance and a capacitance or 4 a 
resist ance and an inductance, as shown in Fig. 13-
6. Whether the impedance is inductive or capaci-
tive depends on the characterist ics of the load and 
the length of the line. It is possible to represent, the 
input impedance by an equivalent circuit having 
resistance and reactance either in series or paral-
lel, so long as the total impedance and phase 
angle are the same in either case. For a given 
impedance and phase angle, different values of 
resistance and reactance are required in the series 
circuit as compared with the parallel equivalent 
circuit. 
The magnitude and character of the input im-

pedance is quite important., since it determines 
the method by which the power source must be 
coupled to the line. The calculation of input, im-
pedance is rather complicated and its measure-
ment is not feasible without special equipment. 
Fortunately, in amateur work it is unnecessary 
either to calculate or measure it. The proper 
coupling can be achieved by relatively simple 
methods described later in this chapter. 

Lines Without Load 

The input impedance of a short-circuited or 
open-circuited line not an exact multiple of one-
quarter wavelength long is practically a pure re-
actance. This is because there is very little power 
lost in the line. Such lines are frequently used as 
"linear" inductances and eapacitances. 

If a shorted line is less than a quarter-wave long, 
as at X in Fig. 13-2, it will have inductive reac-
tance. The reactance increases with the line length 
up to the quarter-wave point. Beyond that, as at 
Y, the reactance is capacitive, high near the 
quarter-wave point and becoming lower as the 
half-wave point is approached. It then alternates 
between inductive and capacitive in successive 

338 



Input Impedance 

quarter-wave sections. Just the reverse is true of 
the open-circuited line. 

At exact multiples of a quarter wavelength the 
impedance is purely resistive. It is apparent, from 
examination of B and D in Fig. 13-2, that at 
points that are a multiple of a half wavelength — 
i.e., 1, 11 wavelengths, etc. — from the 
short-circuited end of the line the current and 

(A) 

(B) 

Fig. I 3-6—Series and parallel equivalents of a line whose 
input impedance has both reactive and resistive compo-
nents. The series and parallel equivalents do not have the 
same values; e.g., in A, L does not equal L' and R does not 

equal 

voltage have the same values that they do at the 
short circuit. In other words, if the line were an 
exact multiple of a half wavelength long the gen-
erator or source of power would " look into" a 
short circuit. On the other hand, at points that 
are an odd multiple of a quarter wavelength — 
i.e., %, 1U, etc. — from the short circuit the 
voltage is maximum and the current is zero. Since 
= El!, the impedance at these points is theo-

retically infinite. (Actually it is very high, but not 
infinite. This is because the current does not actu-
ally go to zero when there are losses in the line. 
Losses are always present, but usually are small.) 

Impedance Transformation 

The fact that the input impedance of a line de-
pends on the s.w.r. and line length can be used to 
advantage when it is necessary to transform a 
given impedance into another value. 
Study of Fig. 13-4 will show that, just as in the 

open- and short-circuited cases, if the line is one-
half wavelength long the voltage and current ate 
exactly the same at the input terminals as they 
are at the load. This is also true of lengths that 
are integral multiples of a half wavelength. It is 
also true for all values of s.w.r. Hence the input 
impedance of any line, no matter what its Zo, that 
is a multiple of a half wavelength long is exactly 
the same as the load impedance. Such a line can 
be used to transfer the impedance to a new loca-
tion without changing its value. 
When the line is a quarter wavelength long, or 

an odd multiple of a quarter wavelength, the 
load impedance is " inverted." That is, if the cur-
rent is low and the voltage is high at the load, the 
input impedance will be such as to require high 

current and low voltage. The relationship between 
the load impedance and input impedance is given 
by: 

Z02 
ZS = — (13-B) 

where Zs = Impedance looking into line (line 
length an odd multiple of one-
quarter wavelength) 
Impedance of load (must be pure 
resistance: 

Zo = Characteristic impedance of line 

Example: A quarter-wavelength line having a 
characteristic impedance of 500 ohms is termi-
nated in a resistive load of 75 ohms. The imped-
ance looking into the input or sending end of 
the line is 

z.= 

_ Zo' (500)2 _ 250,000 7s _  _ 3333 ohms 
' Zit 75 75 

If the formula above is rearranged, we have 

Zo = %/Zan (13-C) 

This means that if we have two values of im-
pedance that we wish to "match," we can do so if 
we eonnect them together by a quarter-wave 
transinis,:ion line having a characteristic imped-
ance equal to the square root of their product. A 
quarter-wave line, in other words, has the charac-
teristics of a transformer. 

Resonant and Nonresozzant Lines 

The input impedance of a line operating 
with a high s.w.r. is critically dependent on the 
line length, and resistive only when the length is 
some integral multiple of one-quarter wave-
length. Lines cut to such a length and operated 
with a high s.w.r. are called ' tuned" or " reso-
nant" lines. On the other halm], if the s.w.r. is low 
the input impedance is close to the Zo of the line 
and does not vary a great deal with the line 
length. Such lines are called " fiat," or " untuned," 
or " not resonan t." 
There is no sharp line of demarcation between 

tuned and untuned lines. If the s.w.r. is below 1.5 
to 1 the line is essentially flat, and the same input 
coupling method will work with all line lengths. 
If the s.w.r. is above 3 or 4 to I the type of cou-
pling system, and its adjustment, will depend on 
the line length and such lines fall into the 
" tuned " category. 

It is usually advantageous to make the s.w.r. 
as low as possible. A resonant line becomes 
necessary only when a considerable mismatch 
between the load and the line has to be tolerated. 
The most important practical example of this is 
when a single ant enna is operated on several 
harmonically related frequencies, in which case 
the antenna impedance will have widely different 
values on different harmonics. 

• RADIATION 
Whet lever a wire carries alternating current the 

electromagnetic fields travel away into space 
with the velocity of light. At power-line frequen-
cies the field that "grows" when the current is 

339 



13 — TRANSMISSION LINES 

Increasing has plenty of time to return or "col-
lapse" about the conductor when the current is 
decreasing, because the alternations are so slow. 
But at radio frequencies fields that travel only a 
relatively short distance do not have time to get 
back to the conductor before the next cycle com-
mences. The consequence is that some of the 
electromagnetic energy is prevented from being 
restored to the conductor; in other words, energy 
is radiated into space in the form of electromag-
netic waves. 
The amount of energy radiated depends, 

among other things, on the length of the conduc-
tor in relation to the frequency or wavelength of 
the r.f. current. If the conductor is very short 
compared to the wavelength the energy radiated 
(for a given current) will be small. However, a 
transmission line used to feed power to an an-
tenna is not short; in fact, it is almost always an 
appreciable fraction of a wavelength long and 
may have a length of several wavelengths. 
The lines previously considered have consisted 

of two parallel conductors of the same diameter. 
Provided there is nothing in the system to destroy 
symmetry, at every point along the line the cur-
rent in one conductor has the same intensity as 
the current in the other conductor at that point, 
but the currents flow in opposite directions. This 

was shown in Figs. 13-2C and 13-3C. It means 
that the fields set up about the two wires have the 
same intensity, but opposite directions. The conse-
quence is that the total field set up about such a 
transmission line is zero; the two fields "cancel 
out." Hence no energy is radiated. 

Practically, the fields do not quite cancel out 
because for them to do so the two conductors 
would have to occupy the same space, whereas 
they are actually slightly separated. However, 
the cancelation is substantially complete if the 
distance between the conductors is very small 
compared to the wavelength. Transmission line 
radiation will be negligible if the distance between 
the conductors is 0.01 wavelength or less, pro-
vided the currents in the two wires are balanced. 
The amount of radiation also is proportional to 

the current flowing in the line. Because of the way 
in which the current varies along the line when 
there are standing waves, the effective current, 
for purposes of radiation, becomes greater as the 
s.w.r. is increased. For this reason the radiation is 
least when the line is flat. However, if the conduc-
tor spacing is small and the currents are balanced, 
the radiation from a line with even a high s.w.r. is 
inconsequential. A small unbalance in the line 
currents is far more serious — and is just as serious 
when the line is flat as when the s.w.r. is high. 

Practical Line Characteristics 

The foregoing discussion of transmission lines 
has been based on a line consisting of two parallel 
conductors. The parallel-conductor line is but 
one of two general types, the other being the 
coaxial or concentric line. The coaxial line con-
sists of a conductor placed in the center of a tube. 
The inside surface of the tube and the outside 
surface of the smaller inner conductor form the 
two conducting surfaces of the line. 

In the coaxial line the fields are entirely inside 
the tube, because the tube acts as a shield to pre-
vent them from appearing outside. This reduces 
radiation to the vanishing point. So far as the elec-
trical behavior of coaxial lines is concerned, all 
that has previously been said about the operation 
of parallel-conductor lines applies. There are, 
however, practical differences in the construction 
and use of parallel and coaxial lines. 

• PARALLEL-CONDUCTOR LINES 
A type of parallel-conductor line somet imes used 

in amateur installations is one in which two wires 
(ordinarily No. 12 or No. 14) are supported a 
fixed distance apart by means of insulating rods 
called "spacers." The spacings used vary from 
two to six inches, the smaller spacings being neces-
sary at frequencies of the order of 28 Mc. and 
higher so that radiation will be minimized. The 
construction is shown in Fig. 13-7. Such a line is 
said to be air-insulated. Typical spacers are 
shown in Fig. 13-8. The characteristic impedance 
of such "open-wire" lines is between -100 and 600 
ohms, depending on the wire size and spacing. 

Parallel-conductor lines also are occasionally con-
structed of metal tubing of a diameter of to Y2 
inch. This reduces the characteristic impedance 

NO. /2 ori4 

2 to 6" 

Fig. 13-7—Typical construction of open-wire line. The line 
conductor fits in a groove in the end of the spacer, and is 
held in place by a tie-wire anchored in a hole near the 

groove. 

of the line. Such lines are mostly used as quarter-
wave transformers, when different values of im-
pedance are to be matched. 

Prefabricated parallel-conductor line with air 
insulation, developed for television reception, can 
be used in transmitting applications. This line 
consists of two conductors separated one-half to 
one inch by molded-on spacers. The character-
istic impedance is 300 to 450 ohms, depending on 
the wire size and spacing. 
A convenient type of manufactured line is one 

in which the parallel conductors are imbedded in 
low-loss insulating material (polyethylene). It is 
commonly used as a TV lead-in and has a charac-
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Practical Line Characteristics 

Fig. 13-8—Typical manufactured 

spacers. 

transmission lines and 

teristic impedance of about 300 ohms. It is sold 
under various names, the most common of which 
is "Twin-Lead." This type of line has the advan-
tages of light weight, close and uniform conductor 
spacing, flexibility and neat appearance. How-
ever, the losses in the solid dielectric are higher 
than in air, and dirt or moisture on the line tends 
to change the characteristic impedance. Moisture 
effects can be reduced by coating the line with 
silicone grease. A special form of 300-ohm Twin-
Lead for transmitting uses a polyethylene tube 
with the conductors molded diametrically oppo-
site; the longer dielectric path in such line re-
duces moisture troubles. 

In addition to 300-ohm line, Twin-Lead is ob-
tainable with a characteristic impedance of 75 
ohms for transmitting purposes. Light-weight 75-
and 150-ohm Twin-Lead also is available. 

Characteristic Impedance 

The characteristic impedance of an air-insu-
lated parallel-conductor line is given by: 

Zo = 276 log -b (13-D) 
a 

where Zo = Characteristic impedance 
b = Center-to-center distance between 

conductors 
a = Radius of conductor (in same units 

as b) 

It does not matter what units are used for a and h 
so long as they are the saine units. Both quantities 
may be measured in centimeters, inches, etc. 
Since it is necessary to have a table of common 
logarithms to solve practical problems, the solu-
tion is given in graphical form in Fig. 13-9 for a 
number of common conductor sizes. 

In solid-dielectric parallel-Conductor lines such 
as Twin-Lead the characteristic impedance can-
not be calculated readily, because part of the 
electric field is in air as well as in the dielectric. 

Unbalance in Parallel-Conductor Lines 

When installing parallel-conductor lines care 
should be taken to avoid introducing electrical 
unbalance into the system. If for some reason the 
current in one conductor is higher than in the 
other, or if the currents in the two wires are not 

exactly out of phase with each other, the electro-
magnetic fields will not cancel completely and a 
considerable amount of power may be radiated 
by the line. 

Maintaining good line balance requires, first of 
all, a balanced load at its end. For this reason the 
antenna should be fed, whenever possible, at a 
point where each conductor "sees" exactly the 
same thing. Usually this means that the antenna 
system should be fed at its electrical center. How-
ever, even though the antenna appears to be sym-
metrical, physically, it can be unbalanced elec-
trically if the part connected to one of the line 
conductors is coupled to something (such as 
house wiring or a metal pole or roof) that is not 
duplicated on the other part of the antenna. 
Every effort should be made to keep the antenna 
as far as possible from other wiring or sizable 
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Fig. 13-9—Chart showing the characteristic impedance 
of spaced-conductor parallel transmission lines with air 
dielectric. Tubing sizes given are for outside diameters. 

metallic objects. The transmission line itself will 
cause some unbalance if it is not brought away 
from the antenna at right angles to it for a dis-
tance of at least a quarter wavelength. 

In installing the line conductors take care to 
see that they are kept away from metal. The 
minimum separation between either conductor 
and all other wiring should be at least four or five 
times the conductor spacing. The shunt capaci-
tance introduced by close proximity to metallic 
objects can drain off enough current (to ground) 
to unbalance the line currents, resulting in in-
creased radiation. A shunt capacitance of this sort 
also constitutes a reactive load on the line, caus-
ing an impedance "bump" that will prevent mak-
ing the line actually flat. 

• COAXIAL LINES 
The most common form of coaxial line consists 

of either a solid or stranded-wire inner conductor 
surrounded by polyethylene dielectric. Copper 
braid is woven over the dielectric to form the 
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13- TRANSMISSION LINES 

outer conductor, and a waterproof vinyl covering 
is placed on top of the braid. This cable is made 
in a number of different diameters. It is moder-
ately flexible, and so is convenient to install. 
Some different types are shown in Fig. 13-8. This 
solid coaxial cable is commonly available in im-
pedances approximating 50 and 70 ohms. 

Air-insulated coaxial lines have lower losses 
than the solid-dielectric type, but are rarely used 
in amateur work because they are expensive and 
difficult to install as compared with the flexible 
cable. The common type of air-insulated coaxial 
line uses a solid-wire conductor inside a copper 
tube, with the wire held in the center of the tube 
by means of insulating "beads" placed at regular 
intervals. 

Characteristic Impedance 

The characteristic impedance of an air-insu-
lated coaxial line is given by the formula 

Zo = 138 log -b (13-E) 
a 

where Zo = Characteristic impedance 
b = Inside diameter of outer conductor 
a = Outside diameter of inner conductor 

(in same units as b) 
Curves for typical conductor sizes are given in 
Fig. 13-10. 
The formula for coaxial lines is approximately 

correct for lines in which bead spacers are used, 
provided the beads are not too closely spaced. 
When the line is filled with a solid dielectric, the 
characteristic impedance as given by the chart 

should be multiplied by 1 /VK, where K is the 
dielectric constant of the material. 

• ELECTRICAL LENGTH 
In the discussion of line operation earlier in 

this chapter it was assumed that currents trav-
eled along the conductors at the speed of light. 
Actually, the velocity is somewhat less, the reason 
being that electromagnetic fields travel more 
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Fig. 1 3-10-Chart showing characteristic impedance of 
various air-insulated concentric lines. 

TABLE 13-1 

Transmission-Line Data 

Type 

Coaxial 

Description 
or Type 
Number 

Charac-
teristic 

once 

Air-insulated 
IIG-8 U 
HG-58/U 
HG-11/U 
HG-59/U 

50-100 
53 
53 
75 
73 

N elocit 
Factor 

0.85, 
0.66 
0.66 
0.66 
0.66 

Parallel-
Conduc-

tor 

Air-insulated 
2 14-0803 
214-0233 
214-0793 
214-0563 
214-0763 
2 14-0223 

200-600 
75 
75 
150 
300 
300 
300 

0.9752 
0.68 
0.71 
0.77 
0.82 
0.84 
0.85 

Capaci-
tance 

per foot; 
pd. 

29.5 
28.5 
20.5 
21.0 

19.0 
20.0 
10.0 
5.8 
3.9 
3.0 

1Average figure for small-diameter fines with ceramic heads. 
a Average figure for lines insulated with ceramic spacers at 

intervals of a few rect. 
a Amphenol type numbers and data. line similar to 214-056 

is stade by several manufacturers, hut rated loss may differ 
from that given in Fig. 13-11. Types 214-023, 214-076, and 
214-022 are made for transmitting applications. 

slowly in material dielectrics than they do in free 
space. In air the velocity is practically the same 
as in empty space, but a practical line always has 
to be supported in some fashion by solid insulat-
ing materials. The result is that the fields are 
slowed down; the currents travel a shorter dis-
tance in the time of one cycle than they do in 
space, and so the wavelength along the line is less 
than the wavelength would be in free space at the 
same frequency. 
Whenever reference is made to a line as being 

so many wavelengths (such as a " half wave-
length" or " quarter wavelength") long, it is to 
be understood that the electrical length of the line 
is meant. Its actual physical length as measured 
by a tape always will be somewhat less. The 
physical length corresponding to an electrical 
wavelength is given by 

984 V 
Length in feet -   (13-F) 

where f = Frequency in megacycles 
V = Velocity factor 

The velocity factor is the ratio of the actual 
velocity along the line to the velocity in free 
space. Values of V for several common types of 
lines are given in Table 13-I. 

Example: A 75-foot length of 300-olun Twin-
Lead is used to carry power to an antenna at a 
frequency of 7150 ke. From Table 13-1, V is 0.82. 
At this frequency (7.15 Me.) a wavelength is 

Length (feet) - 984V =- 984 X 0.82 
f 7.15 

.= 137.6 X 0.82 = 112.8 ft. 

The line length is therefore 75/112.8 = 0.665 
wavelength. 

Because a quarter-wavelength line is fre-
quently used as a linear transformer, it is con-
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venient to calculate the length of a quarter-wave 
line directly. The formula is 

Length (feet) -= 246—V (13-G) 

where the symbols have the same meaning as 
above. 

• LOSSES IN TRANSMISSION LINES 
There are three ways by which power may be 

lost in a transmission line: by radiation, by heat-
ing of the conductors (12R loss), and by heating 
of the dielectric, if any. Radiation losses are in 
general the result of " antenna currents" on the 
line, resulting from undesired coupling to the 
radiating antenna. They cannot readily be esti-
mated or measured, so the following discusssion is 
based only on conductor and dielectric losses. 
Heat losses in both the conductor and the 

dielectric increase with frequency. Conductor 
losses also are greater the lower the characteristic 
impedance of the line, because a higher current 
flows in a low-impedance line for a given power 
input. The converse is true of dielectric losses 
because these increase with the voltage, which is 
greater on high-impedance lines. The dielectric 
loss in air-insulated lines is negligible (the only 
loss is in the insulating spacers) and such lines 
operate at high efficiency when radiation losses 
are low. 

It is convenient to express the loss in a trans-
mission line in decibels per unit length, since the 
loss in db. is directly proportional to the line 
length. Losses in various types of lines operated 
without standing waves (that is, terminated in a 
resistive load equal to the characteristic imped-

Fig. 13- 11—Attenuation 

data for common types of 
transmission lines. Curve 
A is the nominal attenua-
tion of 600-ohm open-
wire line with No. 12 con-
ductors, not including 
dielectric loss in spacers 
nor possible radiation 

losses. Additional line 
data is given in Table 
13-1. 

500 

ance of the line) are given in graphical form in 
Fig. 13-11. In these curves the radiation loss is 
assumed to be negligible. 
When there are standing waves on the line the 

power loss increases as shown in Fig. 13-12. 
Whether or not the increase in loss is serious de-
pends on what the original loss would have been 
if the line were perfectly matched. If the loss with 
perfect matching is very low, a large s.w.r. will 
not greatly affect the efficiency of the line — i.e., 

04 05 06 08 10 2 3 4 5 6 

LINE LOSS IN fa WHEN MATCHED 

Fig. 13-12—Effect of standing-wave ratio on line loss. 
The ordinates give the additional loss in decibels for the 

loss, under perfectly matched conditions, shown on the 
horizontal scale. 
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the ratio of the power delivered to the load to the 
power put into the line. 

Example: A 150-foot length of RC-11/U cable 
is operating at 7 Mc. with a 5-to-1 s.w.r. If per-
fectly matched, the loss from Fig. 13-11 would 
be 1.5 X 0.4 = 0.6 db. From Fig. 13-12 the 
additional loss because of the s.w.r. is 0.73 db. 
The total loss is therefore 0.6 + 0.73 = 1.33 db. 

An appreciable s.w.r. on a solid-dielectric line 
may result in excessive loss of power at the 
higher frequencies. Such lines, whether of the 

parallel-conductor or coaxial type, should be 
operated as nearly flat as possible, particularly 
when the line length is more than 50 feet or so. 
As shown by Fig. 13-12, the increase in line loss 
is not too serious so long as the s.w.r. is below 2 
to 1, but increases rapidly when the s.w.r. rises 
above 3 to 1. Tuned transmission lines such as 
are used with multiband antennas always should 
be air-insulated, in the interests of highest effi-
ciency. 

Loads and Balancing Devices 

The most important practical load for a trans-
mission line is an antenna which, in most cases, 
will be " balanced" — that is, symmetrically con-
structed with respect to the feed point. Aside 
from considerations of matching the actual im-
pedance of the antenna at the feed point to the 
characteristic impedance of the line (if such 
matching is attempted) a balanced antenna 
should be fed through a balanced transmission 
line in order to preserve symmetry with respect 
to ground and thus avoid difficulties with un-
balanced currents on the line. Such currents, as 
pointed out earlier in this chapter, will result in 
undesirable radiation from the transmission line 
itself. 

If, as is often the case, the antenna is to be fed 
through coaxial line (which is inherently un-
balanced) some method should be used for con-
necting the line to the antenna without upsetting 
the symmetry of the antenna itself. This requires 
a circuit that will isolate the balanced load from 
the unbalanced line while providing efficient 
power transfer. Devices for doing this are called 
baluns. The types used between the antenna and 
transmission line are generally "linear," consist-
ing of transmission-line sections as described in 
Chapter 14. 
The need for baluns also arises in coupling a 

transmitter to a balanced transmission line, since 
the output circuits of most transmitters have one 
side grounded. (This type of output circuit is 
desirable for a number of reasons, including TV! 
reduction.) The most flexible type of balun for 
this purpose is the inductively coupled matching 
network described in a subsequent section in this 
chapter. This combines impedance matching 
with balanced-to-unbalanced operation, but has 
the disadvantage that it uses resonant circuits 
and thus can work over only a limited band of 
frequencies without readjustment. However, if a 
fixed impedance ratio in the balun can be toler-
ated, the coil balun described below can be used 
without adjustment over a frequency range of 
about 10 to 1 — 3 to 30 Mc., for example. Alter-
natively, a similarly wide band can be covered 
by a properly designed transformer (with the 
same impedance limitation) but the design prin-
ciples and materials used in such transformers 
are quite specialized. Their construction is beyond 
the scope of this Handbook. 

Coil Baluns 

The type of balun known as the " coil balun" 
is based on the principles of a linear transmission-
line balun as shown in the upper drawing of Fig. 
13-13. Two transmission lines of equal length 
having a characteristic impedance Zo are con-
nected in series at one end and in parallel at the 
other. At the series-connected end the lines are 
balanced to ground and will match an impedance 
equal to 2Z0. At the parallel-connected end the 
lines will be matched by an impedance equal to 
Z0/2. One side may be connected to ground at 
the parallel-connected end, provided the two 
lines have a length such that, considering each 
line as a single wire, the balanced end is effec-
tively decoupled from the parallel-connected end. 
This requires a length that is an odd multiple of 
Vt wavelength. The impedance transformation 
from the series-connected end to the parallel-
connected end is 4 to 1. 
A definite line length is required only for de-

coupling purposes, and so long as there is ade-
quate decoupling the system will act as a 4-to-1 
impedance transformer regardless of line length. 
If each line is wound into a coil, as in the lower 
drawing, the inductances so formed will act as 
choke coils and will tend to isolate the series-
connected end from any ground connection that 
may be placed on the parallel-connected end. 
Balun coils made in this way will operate over a 
wide frequency range, since the choke inductance 
is not critical. The lower frequency limit is where 
the coils are no longer effective in isolating one 
end from the other; the length of line in each coil 
should be about equal to a quarter wavelength at 
the lowest frequency to be used. 

zo-2z, 

10-2Z, 

A 
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 -o 

Z2=42, 

 o 
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Fig. 13-13—Baluns for matching between push-pull and 
single-ended circuits. The impedance ratio is 4 to 1 from 
the push-pull side to the unbalanced side. Coiling the lines 
as shown in the lower drawing increases the frequency 

range over which satisfactory operation is obtained. 
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Loads and Balancing Devices 

The principal application of such coils is in 
going from a 300-ohm balanced line to a 75-ohm 
coaxial line. This requires that the Zo of the lines 
forming the coils be 150 ohms. Design data for 
winding the coils is not available; however, 
Equation 13-D can be used for determining the 
approximate wire spacing. Allowance should be 
made for the fact that the effective dielectric 
constant will be somewhat greater than 1 if the 
coil is wound on a form. The proximity effect 
between turns can be reduced by making the t urn 
spacing somewhat larger than the conductor 
spacing. For operation at 3.5 Mc. and higher fre-
quencies the length of each cow Itctor should be 
about 60 feet. The conductor spacing can be ad-
justed to the proper value by terminating each 
line in a noninductive 150-ohm resistor and 
adjusting the spacing until an impedance bridge 
at the input end shows the line to be matched 
to 150 ohms. 
A balun of this type is simply a fixed-ratio 

transformer, when matched. It cannot compen-
sate for inaccurate matching elsewhere in the 
system. With a " 300-ohm" line on the balanced 
end, for example, a 75-ohm coax cable will not 
be matched unless the 300-ohm line actually is 
terminated in a 300-ohm load. 

e NONRADIATING LOADS 
Typical examples of nonradiating loads for a 

transmission line are the grid circuit of a power 
amplifier (considered in the chapter on trans-
mitters), the input circuit of a reveiver, and an-
other transmission line. This last. case includes 
the ' antenna tune' " — a misnomer bemuse it is 
actually a device for eoupling a transmission line 
to the transmitter. Because of its importance in 
amateur installations, the antenna coupler is 
considered separately in a later part of this 
chapter. 

Coupling to a Receiver 

A good match between an antenna and its 
transmission line does not guarantee a low stand-
ing-wave ratio on the line when the antenna sys-
tem is used for receiving. The s.w.r. is determined 
wholly by what the line " sees" at the receiver's 
antenna-input terminals. For minimum s.w.r. 
the receiver input circuit must be matched to the 
line. The rated input impedance of a receiver is a 
nominal value that varies over a considerable 
range with frequency. Met hods for bringing about 
a proper match are discitsseil in the chapter on re-
ceivers. 

It should be noted tile if the receiver is matched 
to the line, then it is desirable that the antenna 
and line also be matched, since this results in 
maximum signal transfer from the antenna to the 
line. If the receiver is not mat (died to tile line, the 
input impedance of the line (at the terminals of 
the antenna itself) in turn cannot match the 
antenna impedance. In such a case the signal in-
put to the receiver depends on the coupling sys-
tem used between the line and the receiver. l'or 
greatest signal strength the coupling system has 
to be adjusted to the best compromise between re-
ceiver input impedance and load appearing at the 
input (antenna) end of the line. The proper ad-
justments must be determined by experiment. 
A similar situation exists when the receiver in-

put impedance inherently matehes the line Zo, 
but the line and antenna are misma felled. Under 
these eom lii itt IS perfcci matching at I he receiver 
(loes not result in greatest signal strengt a de-
liberate mismatch has to lie introduced so that the 
maximum power will Ix' I:II:en from the antenna. 
The most desirable condition is that in %%licit 

the receiver is ma billed to the line Zo and t line 
in turn is 'unfilled to the antenna. This transf(is 
maximum power from the antenna to the receiver 
with the least loss in the transmission line. 

Coupling the Transmitter to the Line 

The type of coupling system that will be needed 
to transfer power adequately from the final r.f. 
amplifier to the transmission line depends almost 
entirely on the input impedance of the line. As 
shown earlier in this chapter, the input impedance 
is determined by the standing-wave ratio and the 
line length. The simplest case is that where the 
line is terminated in its characteristic impedance 
so that the s.w.r. is 1 to 1 and the input impedance 
is equal to the Zo of the line, regardless of line 
length. 

Coupling systems that will deliver power into a 
flat line are readily designed. For all practical 
purposes the line can be considered to be flat if 
the s.w.r. is no greater than about 1.5 to 1. That 
is, a coupling system designed to work into a pure 
resistance equal to the line Zo will have enough 
leeway to take care of the small variations in 
input impedance that will occur when the line 
length is changed, if the s.w.r. is higher than 1 to 
1 but no greater than 1.5 to 1. 

Current practice in transmitter design is to 
provide an output circuit that will work into 
such a line, usually a coaxial line of 50 to 75 
ohms characteristic impedance. The design of 
such output circuits is discussed in the chapter 
on high-frequency transmitters. lf the input im-
pedance of the transmission line that is to be 
connected to the transmitter differs appreciably 
from the value of impedance into which the 
transmitter output circuit is designed to operate, 
an impedance-matching network must be in-
serted between the transmitter and the line input 
terminals. 

e IMPEDANCE-MATCHING CIRCUITS 
FOR PARALLEL CONDUCTOR LINES 

As shown earlier ill this chapter, the input 
impedance of a line that is operating with a high 
standing-wave ratio can vary over quite wide 
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TO 
TRANS. 

TO 
TRANS 

S. W R 
BRIDGE 

SET—UP FOR INITIAL ADJUSTMENT 

Fig. 13-14—Matching circuits using a coaxial link, for use 
with parallel-conductor transmission lines. Adjustment setup 
using an s.w.r. bridge is shown in the lower drawing. Design 
considerations and method of adjustment are discussed 

in the text. 

limits. The simplest type of circuit that will 
match such a range of impedances to 50 to 75 
ohms is a parallel-tuned circuit approximately 
resonant at the operating frequency. In its ordi-
nary form, such a circuit will be connected to a 
short length of coaxial line or " link" by inductive 
coupling as shown in Fig. 13-14, the other end 
of the cable being at tached to the output termi-
nals of the transmitter. The cable may be any 
convenient length if the impedance that it " sees" 
at the matching circuit is equal to its own 
characteristic impedance. This method has the 
further advantage that the coaxial link offers 
an ideal spot for the insertion of a low-pass 
filter for preventing harmonic interference to 
television and f.m. reception. 
The constants of the tuned circuit Can are 

not particularly critical; the principal require-
ment is that the circuit must be capable of being 
tuned to the operating frequency. Constants 
similar to those used in the plate tank circuit 
will be satisfactory. The construction of L1 must 
be such that it can be tapped at least every 
tuns. L2 must be tightly coupled to LI, and the 
inductance of L2 should be approximately the 
value that gives a reactance equal to the Zo of 
the connecting line at the frequency in use. An 
average reactance of about 60 ohms will suffice 
for either 52- or 75-ohm coaxial line. 
The most satisfactory way to set up the system 

initially is to connect a coaxial s.w.r. bridge in 
the link as shown in Fig. 13-14. The " Moni-
match " type of bridge, which can handle the full 
transmitter power and may be left in the line for 
continuous monitoring, is excellent for this pur-
pose. However, a simple resistance bridge such 
as is described in the chapter on measurements is 
perfectly adequate, requiring only that the trans-
mitter output be reduced to a very low value so 
that the bridge will not be overloaded. To adjust, 
the circuit, take a trial position of the line taps 
on LI, keeping them equidistant from the center 
of the coil, and adjust C1 for minimum s.w.r. as 
indicated by the bridge. If the s.w.r. is not close 

to 1 to 1, try new tap positions and adjust CI 
again, continuing this procedure until the s.w.r. is 
practically 1 to 1. The setting of C1 and the tap 
positions may then be logged for future reference. 
At this point, check the link s.w.r. over the fre-
quency range normally used in that band, without 
changing the setting of CI. No readjustment will 
be required if the s.w.r. does not exceed 1.5 to 1 
over the range, but if it goes higher it is advisable 
to note as many settings of CI as may be nec-
essary to keep the s.w.r. below 1.5 to 1 at any part 
of the band. Changes in the link s.w.r. are caused 
chiefly by changes in the s.w.r. on the main trans-
mission line with frequency, and relatively little 
by the coupling circuit itself. A single setting of 
CI at mid-frequency will suffice if the antenna 
itself is broad-tuning. 

If it is impossible to get a 1-to-1 s.w.r. at any 
settings of the taps or C1, the s.w.r. on the main 
transmission line is high and the line length is 
probably unfavorable. Ordinarily there should be 
no difficulty if the transmission-line s.w.r. is not 
more than about 3 to 1, but if the line s.w.r. is 
higher it may not be possible to bring the link 
s.w.r. down except by using the methods for re-
actance compensation described in a subsequent 
section in this chapter. 
The matching adjustment can be considerably 

facilitated by using a variable capacitor in series 
with the matching-circuit coupling coil as shown 
in Fig. 13-15. The additional adjustment thus 
provided makes the tap settings on L1 much less 
critical since varying C2 has the effect of varying 
the coupling between the two circuits. For op-
timum control of coupling, Lo should be some-
what larger than when C2 is not used — perhaps 
twice the reactance recommended above — and 
the reactance of C2 at maximum capacitance 
should be the same as that of L. at the operating 
frequency. L1 and C1 are the same as before. The 
method of adjustment is the same, except that 
for each trial tap position C1 and Co are alter-
nately adjusted, a little at a time, until the s.w.r. 
is brought to its lowest possible value. In general, 
the adjustment sought should be the one that 
keeps Co at the largest possible capacitance, since 
this broadens the frequency response. Also, the 
taps on L1 should be kept as far apart as possible, 
while still permitting a match, since this also 
broadens the frequency response of the circuit. 
Once the matching circuit is properly adjusted, 

the s.w.r. bridge may be removed, if necessary, 
and full power applied to the transmitter. The 
power input should be adjusted by the coupling 
or loading control built, into the transmitter, not 

Fig. 1 3-1 5—Using a series capacitor for control of coup. 
ling between the link and line circuits with the coax-

coupled matching circuit. 
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by making any changes in the matching-circuit 
adjustments. If an amplifier having a parallel-
tuned tank circuit will not load properly, tuned 
coupling should be used into the coax link. 

It is possible to use a circuit of this type with-
out initially setting it up with the s.w.r. bridge. 
In still' a case it is a matter of eut-and-try until 
adyquate power transfer liet‘Veell t he amplifier 
and main transmission line is secured. However, 
t his method frequently result s in a high s.w.r. 
in UR. link, with consequent power loss, "hot 
spots" in the coaxial cable, and tuning that is 
critical with frequency. The bridge method is 
simple and gives the optimum operating condi-
tions quickly and with certainty. 

Un tuned Coupling 

A simple coil can be used for coupling to a line 
having a high standing-wave ratio providing the 
line length is adjusted so there is a current loop 
near the point where it connects to the pick-up 
coil. The coupling will be maximum, for a given 
degree of separation between the pick-up coil and 
the amplifier tank coil, if the line is pruned to a 
length such t hat the input impedance is just suffi-
ciently capacit ive to cancel the inductive react-
ance of the pick-up coil. This can be done by cut-
and-try. The higher the s.w.r. on the line the 
easier it becomes to load the amplifier with loose 
coupling between the two coils. The sharper the 
antenna and the higher the line s.w.r. the more 
difficult it becomes to operate with this system 
over a band without progressively changing the 
line length. 

Series and Parallel Tuning 

Lines classified as " tuned" or " resonant" — 
i.e., cut to lengths approximately equal to integral 
multiples of one-quarter wavelength, and oper-
ating with a high standing-wave ratio — are char-
acterized by having either very high or very low 
input impedances. Also, the input impedances of 
such lines are essentially resistive. 

Under these conditions the circuit arrange-
ments shown in Fig. 13-16 will work satisfactorily. 

TC 
TRANS. 

10 
TRANS. 

SERIES 

PARALLEL 

Fig. 13-16—Link-coupled series and parallel tuning. 

Their advantage over the circuit of Fig. 13-14 is 
that it is not necessary to provide for taps on 
the matching-circuit coil, LI. "Series" tuning 

is used when a current loop occurs at or near 
the input end of the line; i.e., when the input 
impedance is low. " Parallel" tuning is used when 
there is a voltage loop at or near the input end; 
i.e., when the input impedance is high. 

In the series case, the circuit formed by LI, CI 
and C2 with the line terminals short-circuited 
should tune to the operating frequency. C1 and C2 
should be maintained at equal capacitance. In the 
parallel case, the circuit formed by L1 and C1 
should tune to resonance with the line dis-
connected. 
The L,'C ratio in either circuit depends on the 

transmission line 20 and the standing-wave ratio. 
With series tuning, a high L/C ratio must be 
used if the s.w.r. is relatively low and the line Zo 
is high. With parallel tuning, a low L, C ratio 
must be used if the s.w.r. is relatively low and the 
transmission-line Zo also is low. With either 
series or parallel tuning the L/C ratio becomes 
less critical when the s.w.r. is high. As a first ap-
proximation, coil and capacitor values of the 
same order as those used in the plate tank circuit 
may be tried. The coupling coil, L2, should have 
a reactance about equal to the Zo of the coaxial 
line, just as in the case of the circuit of Fig. 
13-14. The coupling between L1 and L2 should 
be continuously adjustable. 
Two capacitors are used in the series-tuned 

circuit in order to keep the line balanced 
to ground. This is because two identical 
capacitors, both connected with either their 
stators or rotors to the line, will have the same 
capacitance to ground. A single capacitor would 
be perfectly usable so far as the operation of the 
coupling circuit is concerned, but will slightly un-
balance the circuit because the frame has more 
capacitance to ground than the stator. The un-
balance is not especially serious unless the capaci-
tor is mounted near a large mass of metal, such 
as a chassis or shield assembly. 
A balanced capacitor is used in the parallel 

circuit, in preference to a single unit, for the same 
reason. An alternative scheme to maintain bal-
ance is to use two single-ended capacitors in 
parallel, but with the frame of one connected to 
one side of the line and the frame of the other 
connected to the other side of the line. The same 
two capacitors may be switched in series when 
series tuning is to be used. 
As an alternative to adjustable coupling be-

tween L1 and £2, fixed coupling may be used and 
a variable capacitor connected in series with L2 
as shown in Fig. 13-15. 
These circuits should be set up and adjusted 

in the same way as the tapped matching circuit, 
Fig. 13-14. That is, an s.w.r. bridge should be 
used to indicate the impedance match, which is 
brought about by alternately adjusting C1 and 
the coupling between L1 and L2 until the bridge 
shows a null. 

In the event that there is difficulty in bringing 
the s.w.r. down to 1 to 1 in the coaxial link, the 
probable cause is that the input impedance of 
the transmission line is neither very high nor 
very low. In such a case, if series tuning does not 
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work it may pay to try parallel tuning, and vice 
versa. If a match cannot be secured with either, 
the circuit should be changed to that of Fig. 13-14. 

Adjustment Without the S.W.R. Bridge 

Use of the s.w.r. bridge with the circuits de-
scribed above is the only certain way of arriving 
at optimum adjustments. However, if a bridge 
is not available, the transmitter usually can be 
made to take the proper load by a cut-and-try 
method of adjustment. In the case of Fig. 13-14, 
take a trial position of the taps fairly close to 
the center of LI. With loose coupling between 
L1 and L2 (this may be controlled either by 
adjustment of the mutual inductance or by 
means of the series capacitor C2) and with the 
amplifier plate tank circuit tuned to resonance 
as indicated by the plate-current dip, vary C1 
until a setting is found that causes the plate 
current to rise to a peak. This peak should be 
less than the expected normal loaded plate cur-
rent. Then increase the coupling between L1 and 
L2, readjust C1 for maximum plate current, and 
readjust the amplifier tank for the plate-current 
dip. Continue until the amplifier is fully loaded 
at the plate-current dip, increasing the coupling 
between the transmitter tank and the coax line 
if necessary to obtain full loading. Then spread 
the taps on L1 a little farther apart and go 
through the same procedure. The object is to 
use the widest spread between taps that will 
permit proper loading of the transmitter. 
The procedure with series or parallel tuning is 

similar except that there are no taps to adjust. 
If full loading cannot be secured with either, the 
circuit should be changed to Fig. 13-14. 

Although this cut-and-try method generally 
will lead to adequate transmitter loading, the 
adjustments seldom are optimum from the stand-
point of low s.w.r. in the coax link. This may 
lead to excessive power dissipation in the link, 
with overheating the result. Also, the loading 
may change more rapidly with small frequency 
changes than would be the case with a matching 
circuit adjusted for optimum performance with 
the aid of the s.w.r. bridge. 

Lines of Random Length 

Series or parallel tuning will always work 
satisfactorily with lines having a high standing-
wave ratio so long as either a current loop or node 
occurs at the input end of the transmission line. 
This will be the case if the antenna is resonant 
and the line length is a multiple of one-quarter 
wavelength. However, it is not always possible 
to couple satisfactorily when intermediate line 
lengths are used. This is because at some lengths 
the input impedance of the line has a considerable 
reactive component, and because the resistive 
component is too large to be connected in series 
with a tuned circuit and too small to be connected 
in parallel. 
The coupling system shown in Fig. 13-14 is 

capable of handling the resistive component of 
the input impedance of the transmission lines 
used in most amateur installations, regardless of 

the standing-wave ratio on the line. Conse-
quently, it can generally be used wherever either 
series or parallel tuning would normally be called 
for, simply by setting the taps properly on the 
coil. (A possible exception is where the s.w.r. is 
considerably higher than 10 to 1 and the line 
length is such as to bring a current loop at the 
input end. In such a case the resistance may be 
only a few ohms, which is difficult to match by 
means of taps on a coil.) 

Within limits, the same circuit is capable of 
being adjusted to compensate for the reactive 
component of the input impedance; this merely 
means that a 1-to-1 s.w.r. in the link will be ob-
tained at a different setting of C1 than would 
be the case if the line " looked like" a pure 
resistance. Sometimes, however, CI (toes not 
have enough range available to give complete 
compensation, particularly when (as is the case 
with some line lengths when the s.w.r. is high) 
the input impedance is principally reactive. 

Under such conditions it is necessary, if the 
line length cannot be changed to a more satis-
factory value, to provide additional means for 
compensating for or " canceling out" the reactive 
component of the input impedance. As described 
earlier in this chapter (Fig. 13-6) the input im-
pedance can be considered to be equivalent to a 
circuit consisting either of resistance and induc-
tance or resistance and capacitance. It is gen-
erally more convenient to consider these elements 
as a parallel combination, so if the line " looks 
like" L'I?' at A in Fig. 13-6, it is apparent that 
if we connect a capacitance of the right value 
across L' the circuit will become resonant and 
will appear to be a pure resistance of the value 
I?'. Similarly, connecting an inductance of the 
right value across C' in Fig. 13-6B will resonate 
the circuit and the impedance will be equal to 
R'. The resistive impedance that remains can 
easily be matched to the coax link by means of 
the circuit of Fig. 13-14. 
The practical application of this principle is 

shown in Fig. 13-17, where L and C are the react-

Fig. 13-17—Reactance cancellation on random-length 
lines having a high standing-wave ratio. 

mires required to cancel out the line reactance, 
L for cases where the line is capacitive, C for lines 
having inductive reactance. The amount of either 
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inductance or capacitance required is easily de-
termined by trial, using the s.w.r. bridge in the 
coax link. First disconnect the main transmission 
line from L1 and connect a noninduetive resistor 
in its place. A 1-watt carbon resistor of about 
the same resistance as the line Zo will do, if a 
low-power bridge of the resistance type is used. 
With the " Monimatch" bridge, a suitable load 
may be made by connecting carbon resistors in 
parallel; for example, five 1500-ohm 2-watt re-
sistors in parallel will make a 300-ohm load 
capable of handling 10 watts of r.f. Adjust the 
coil taps and CI for a 1-to-1 standing-wave ratio 
in the link, as described earlier. This determines 
the proper setting of C1 for a purely resistive 
load. Then take off the resistor and connect the 
line, again adjusting the taps and CI to make 
the s.w.r. as low as possible, and compare the 
new setting of C1 with the original setting. If the 
capacitance has increased, the line reactance is 
inductive and a capacitor must be connected at C 
in Fig. 13-17. The amount of capacitance needed 
to bring the proper setting of C1 near the original 
setting can be determined by trial. On the other 
hand, if the capacitance of C1 is less than the 
original, an inductance must be connected at L. 
Trial values will show when the proper tuning 
conditions have been reached. 

It is not necessary that C1 be at exactly the 
original setting after the compensating reactance 
has been adjusted; it is sufficient that it be in the 
same vicinity. 

Using this procedure practically any length of 
line can be coupled properly to the transmitter, 
even when the line s.w.r. is quite high. Unfortu-
nately, no specific values can be suggested for 
L and C, since they vary widely with Zo, line 
length and s.w.r. Their values usually are com-
parable with the values used in the regular cou-
pling circuits at the same frequency. 

• MATCHING TO COAXIAL LINES 

Coaxial transmission lines usually are (or at 
least should be) operated at a low-enough stand-
ing-wave ratio so that no special matching cir-
cuits are needed; the line simply may be con-
nected to the transmitter output terminals. A 
properly designed transmitter output circuit (see 
chapter on high-frequency transmitters) will be 
capable of handling variations in s.w.r. that are 
acceptable from the standpoint of line losses. 

However, there are cases where it becomes 
necessary to provide some frequency selectivity 
between the transmitter and antenna system in 
order to prevent undesirable radiation of har-
monics. A matching circuit of the same general 
type as those discussed above can provide a 
considerable degree of selectivity in addition to 
matching the input impedance of the trans-
mission line to the Zo of the coaxial link. The 
difference in the circuit arrangement is simply 
that the secondary or output side need not be 
balanced with respect to ground. 

Fig. 13-18 shows a typical circuit. Except for 

J, 

Fig. 13-18—Inductively coupled matching circuit for cou-
pling between coaxial lines. The principles are the same 
as in Fig. 13-14; the secondary circuit is simply made 

single-ended for use with a coaxial transmission line. 

the fact that there is only one coil tap, the 
design considerations and adjustment procedure 
are the same as described for Fig. 13-14. Also, 
the series capacitor, C2, shown in Fig. 13-15 
may be used with this circuit for fine variation 
of the effective coupling between L1 and L2. 
Constants for the circuit MCI are not critical; 
any convenient values that will tune to the 
operating frequency may be used. The Q of 
this circuit, and hence the selectivity, is con-
trolled principally by the position of the line 
tap. As the tap is moved farther up the coil the 
Q and selectivity decrease. 
The practical matching circuits described in 

the following section may be used with coaxial 
line simply by connecting the outer conductor 
of the line to the center of the coil and tapping 
the inner conductor along one side. The balanced 
circuit may still be used, although if the coupler 
is to be used only with coaxial line the circuit 
may be made single-ended as shown in Fig. 13-18. 

SHIELD 

I 
ci C4 ...I... 

Fig. 13-19—Half-wave filter for harmonic suppression. 
The two sections of the filter should be shielded from each 
other as indicated by the dashed line, and the whole filter 
should be constructed in a shield enclosure to insure effec-
tive operation. A separate filter is required for each 
amateur band. All capacitors have the same value, as do 
all inductors, for a given band. Suggested constants ore 
as follows: 

Band Capacitance Inductance 
3.5 Mc. 820 µµf. 2.2 µh. 
7 Mc. 390 1.41f. 1.3 µh. 
14 Mc. 220 µµf. 0.57 ph. 
21 Mc. 150 µµf. 0.375 ph. 
28 Mc. 100 µµf. 0.3 µh. 

Design is based on standard values of fixed mica capac-
itors. Larger capacitances may be made up by using 
smaller-capacitance units in parallel, if necessary. See 
text for voltage ratings. Inductances may be adjusted to 
proper value by resonating to center of band with the 

capacitance value given in the above table. 

"Half-wave" Filters 
for Harmonic Suppression 

If impedance matching is not a consideration 
—i.e., the transmission line to the antenna is 
operating at a low s.w.r. — but harmonic sup-
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pression is desirable, the circuit of Fig. 13-10 
may be used as an alternative to Fig. 13-18. 
This is a " half-wave" filter circuit, so called 
because it has similar properties to a half-wave 
transmission line. When inserted in a line, the 
impedance at the input terminals of the filter 
is the same hnpedance that the filter " sees" at 
its output terminals. Thus if the line input im-
pedance is a pure resistance of 50 ohms, the 
impedance at the filter input terminals also will 
be 50 ohms. 

Just as in the half-wave line case, the charac-
teristic impedance of the filter can be any value 
without altering its performance with respect to 
input and output impedance. However, it is 
desirable in the interests of broad-band operation 
to make the filter characteristic impedance ap-
proximately the same as the Zo of the line. 
The constants given in Fig. 13-19 will serve for 
either 50- or 75-ohm line. The filter can be used 
without adjustment at any frequency wit hin 

the amateur band for which it is designed. 
The capacitance values required are fairly 

large, but under the assumed conditions ( low 
s.w.r. on the line, filter Zo approximately equal 
to line Zo) the voltages across the capacitors 
are low. Mica capacitors having a voltage rating 
suitable for the power level are satisfactory. 

The peak rating required is equal to -‘,/2PZo, 
where P is the r.f. power and Zo is the charac-
teristic impedance of the line. This value should 
be doubled for 100 per cent amplitude modula-
tion, and it is advisable to allow a safety factor 
in addition. A rating of 1500 volts d.e. will he 
sufficient for a kilowatt a.m. transmitter if the 
line is well matched by the antenna. 
The attenuation of a filter of this type is 

about 30 db. at the second harmonic and greater 
at higher harmonics, until limited by self-
resonances at high frequencies that occur in the 
inductors. These usually are not important at 
harmonics below the fourth. 

Coupler or Matching-Circuit Construction 

The design of matching or "antenna coupler-
circuits has been covered in the preceding section, 
and the adjustment procedure also has been out-
lined. Since circuits of this type are most fre-
quently used for transferring power from the 
transmitter to a parallel-conductor transmission 
line, a principal point requiring attention is that 
of maintaining good balance to ground. If the 
coupler circuit is appreciably unbalanced the 
currents in the two wires of the transmission line 
will also be unbalanced, resulting in radiation 
from the line. 

In most eases the matching circuit will be 
built on a metal chassis, following common 
practice in the construction of transmitting units. 
The chassis, because of its relatively large area, 
will tend to establish a "ground" — even though 
not actually grounded — particularly if it is 
assembled wit Ii ot her units of the transmitter in a 
rack or cabinet. The components used in the 
coupler, therefore, should be placed so that they 
are electrically symmetrical with respect to the 

chassis and to each other. 
In general, the construction of a coupler circuit 

should physically resemble the tank layouts used 
with push-pull amplifiers. In parallel-tuned cir-
cuits a split-stator capacitor should be used. The 
capacitor frame should be insulated from t he 
chassis because, depending on line length and 
other factors, harmonic reduction and line bal-
ance may be improved in some eases by ground-
ing and in others by not grounding. It is therefore 
advisable to adopt construction that permits 
either. Provision also should be made for ground-
ing the center of the coil, for the sanie reason. The 
coil in a parallel-tuned circuit should be mounted 
so that its hot ends are symmetrically placed with 
respect to the chassis and other components. 
This equalizes stray capacitances and helps main-
tain good balance. 
When the coupler is of the type that can be 

shifted to series or parallel tuning as required, 
two separate single-ended capacitors will be 
satisfactory. As described earlier, they should be 
connected so that both frames go to correspond-
ing parts of the circuit — i.e., either to the coil or 
to the line — for series tuning, and when used in 
parallel for parallel tuning should be connected 
frame-to-stator. 
A coupler designed and adjusted so that the 

connecting link acts as a matched transmission 
line may be placed in any convenient location. 
Some amateurs prefer to install the coupler at the 
point where the main transmission line enters the 
station. This helps maintain a tidy station lay-

Fig. 13-20—Matching circuit for coupling balanced line 
to a coaxial link. It may also be used between two coaxial 
lines as described in the text. The coil at the left is simply 
"stored" on the chassis as a convenience for changing 
between two favorite bands. A "Monimatch" bridge is 

mounted under the 7 X 11 X 3 inch chassis. 



Coupler Construction 

METER 

Fig. 13-21—Circuit of the coax-cou-
pled matching circuit of Fig. 13-20. 
The s.w.r. bridge, a highly useful aid 
in adjustment, may be omitted if de-
sired, in which case points A and B 
are simply connected together. See 

text for data on modified line. 
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C1-100 puf. per section variable, 0.075-inch spacing 
(Johnson 154-505). 

C2-700 to 800 µO.; dual-section 365- to 400-pif. 
broadcast-receiver type capacitor with sections 
in parallel. 

out when an air-insulated parallel-conductor 
transmission line is used. With solid-dielectric 
lines, which lend themselves well to neat installa-
tion indoors, it is probably more desirable to install 
the coupler where it can be reached easily for 
adjustment and band-chanting. 

• COAX-COUPLED MATCHING CIRCUIT 
The matching unit shown in Fig. 13-20 is con-

structed according to the design principles out-
lined earlier in this chapter. It uses a parallel-
tuned circuit with taps for matching a parallel-
conductor line through a link coil to a coaxial 
line to the transmitter. I t vill handle about 500 
watts of r.f. power and will work, without modi-
fication, into lines of any length if the s.w.r. is 
below 3 or 4 to 1. If the s.w.r. is high, it may be 
necessary to compensate for the reactive part of 
the input impedance of the line, at certain line 
lengths, by using an additional coil or capacitor 
as discussed earlier. The necessity for such com-
pensation can be avoided, on lines having a high 
s.w.r., by making the electrical length of the line 
a multiple of a quarter wavelength. 
As shown by the circuit diagram, Fig. 13-21, 

the link circuit is adjusted by means of a variable 
capacitor, C2, to facilitate matching between the 
main t ransmission line from the antenna and the 
coax line to the transmitter. The coils are con-
structed from commercially available coil mate-
rial, and the link (L2) inductances are chosen to 
provide adequate coupling for flat lines. The link 

C3, C4-0.001 -pf. disk ceramic. 
Crti, CR2-1N34A or equivalent. 
11—Coax receptacle, chassis-mounting type. 
Li, 12—See coil table. 
Ri— See text. 

coil, of smaller diameter than the tank coil LI, is 
mounted inside the latter at the center. Duco 
cement is used to hold the coils together at their 
bottom tie strips. The coils are mounted on Millen 
type 40305 plugs and require no other support 
than the stiffness of the short lengths of wire 
going into the end prongs of the plug from the 
tank coil. Short lengths of spaghetti tubing are 
slipped over the leads to the link coil where they 
go between the tank coil turns to reach the plug. 
Taps on the tank coil for connection to a paral-

lel-conductor transmission line are made by 
means of Johnson type 235-860 clips. If coils are 
changed frequently it will be convenient, after 
finding the proper tap points for each band, to 
bend ordinary soldering lugs around the wire and 
solder them in place so they project radially from 
the coil. The clips can then be adjusted to fit 
snugly over the lugs when pushed on sidewise. 
Used this way, the clips provide an easy and 
rapid method of connecting and disconnecting 
the line. 

Monimatch 

The circuit as shown in Fig. 13-21 includes a 
bridge or directional coupler of the Monimatch 
type to assist in adjusting the circuit to match 
the coax line. It is constructed from a 24-inch 
length of either RG-8/11 or RG-11,/1.1 (depending 
on the Zo of the coax line between the transmitter 
and the matching circuit) as described in the 
section on measurements. The pickup line, to 

Coil Data for Fig. 13-21 

Band, 
Mc. 

3.5 

Li L2 

Turns 

44 

t Vire Dia., Turns/ Turns Wire Dia., 
Size In. In. Size In. 

10 2% 10 10 16 2 

7 18 

14 10 

21-28 6 

12 

12 

23,¡ 

23 

12 2,1,4 

6 16 I 2 

6 

0 

3 

2 

16 2 

16 2 

Turns/ 
In. 

10 

10 

10 

10 
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which RI and the crystal rectifiers are connected, 
is a length of No. 30 enameled wire inserted be-
tween the insulation and the shield-braid outer 
conductor of the coax cable. In constructing this 
line section be careful not to scrape the enamel 
from the wire, and after the braid has been 
smoothed out to its original length cheek between 
it and the pickup wire with an ohmmeter to make 
sure the two are not short-eireuited. The cable is 
formed into a dotrnle turn so that the center, 
where RI eonnee's to t he pickup wire, is close to 
the ends. This keeps the ground paths to mini-
nn I in length and helps in obtaining proper balance 
in t he bridge. The braided outsides of the turns 
are spot soldered together at several points to 
reduce the effect of unwanted eurrents on the 
surface, and also to improve the assembly me-
chanically. 

Bridge Adjustment 

Adjusting the bridge is simply a matter of find-
ing the value of RI that gives a good null reading 
with the indicating meter connected to the " re-
fleeted " position when the output eml is tern-ti-
n:I ti ti in a resistive load of either 52 or 75 ohms, 
lei,e tiding on whether RG-8/U or RG-11/U is 
used. If a suitable dummy load is available (see 
chapter on measurements) the wiring to L2 should 
be disconnected at B in Fig. 13-21 and the dummy 
load connected bet ween B and ground (that is, to 
the output terminals of the Monimatch). RI may 
be set to the proper value by trying several values 
of half-watt carbon resistors, or combinations in 
parallel, to find the resistance that gives the deep-
est null. A value of about 35 ohms proved to be 
optimum with RG-8/11 in the bridge shown in 
the photograph. 

Alternatively, a dummy load may be con-
nected to the balanced line terminals, and the 
Monimatch disconnected at B. If a suitable 
bridge can be borrowed, it can be connected at B 
and r.f. power fed through it to the matching cir-
cuit, which should then be adjusteil to match 
the coax line. This establishes a load of known 
value which may then be used for adjustment of 
the built-in Monimatch as described above, after 
the connection at B has been restored. 

Fig. 13-22—Below-chassis view of the match-
ing circuit, showing Monimatch made from a 
section of coax cable. The crystal rectifiers 
are mounted on dual tie- point strips, with 

RI between them. 

A suitable indicator unit, including meter, 
variable resistor, and forward-reflected switch, 
is described in the chapter on measurements. 

Matching-Circuit Adjustment 

The method of adjusting a matching circuit of 
this type has beets described earlier in this chap-
ter in connection with Figs. 13-14 and 13-15. The 
construction is such that either the eenter tap of 
LI or the rotor of Ct may be grounded to the 
chassis, since C1 is mounted on small stand-off 
insulators. Insofar as normal balanced-line opera-
tion is concerned, it makes no difference which 
is grounded (or neither). Grounding will, how-
ever, affect any parallel or " antenna" currents 
on the line. In general, the effect of such currents 
will be minimized if the ground connection show-
ing the least r. f. current is chosen. This test 
should also be tried with and without an actual 
earth conneetion to the matching-circuit chassis. 
The coupler may be used between coaxial lines 

by grounding the center tap of L1 and connect-
ing the outer braid of the coax line to the chassis 
and the inner conductor to a single tap on the 
coil. The method of adjustment is otherwise the 
same as for balanced lines. 
The matching circuit should be adjusted with 

the aid of an s.w.r. bridge, as described earlier in 
this chapter. In general, the tuning will be less 
critical, and the circuit will work over a wider 
frequency range without readjustment, if the taps 
are kept as far toward the ends of the coil as possi-
ble and C2 is set at the largest capacitance that 
will permit bringing the s.w. r. in the coax link 
down to 1 to 1. 

o ANTENNA MATCHING CIRCUIT FOR 
HIGH OR LOW IMPEDANCE 

The unit shown in Figs. 13-23 and 13-25 can be 
used to match the coaxial-line output of a trans-
mitter to either a high- or low-impedance load. 
To facilitate tuning it includes an s.w.r. indicator 
that can be set for a wide range of power levels. 
The power-handling ability of a circuit of this 
type will depend to some extent upon the imped-
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Fig. 13-23—Antenna coupler out of its 
case. The large dial controls a 100-µeif. 
tuning capacitor, and the smaller dial 
(bottom center) turns a 320-M. 
coupling capacitor. Two knobs control 
the sensitivity and direction of the 
s.w.r. bridge. Simple band switches on 
top of the aluminum arch are made 
from banana plugs and insulated lacks 

ance of the load, but as shown the matching cir-
cuit will handle up to 300 or 400 watts under 
practically any condition. If higher power is in-
volved, the circuit can be " scaled upward" with 
heavier inductances and greater capacitor 
spacings. 

Referring to the circuit in Fig. 13-24, a series-
tuned circuit, L3Ci, is coupled to a balanced cir-
cuit, C2L2Li. This latter circuit is series-tuned 
if the load is connected to terminals A-A and par-
allel-tuned if a jumper is used between A-A and 
the load is connected at B-B. Low-impedance 
loads (high-current) call for series tuning, and 
high-impedance loads (high voltage) couple 
better with parallel tuning. 

A simple version of the " Monimatch" s.w.r. 
indicator is included by wrapping the necessary 
length of RG-58/U around the indicating meter 
(see Fig. 13-25). 
The unit shown here was built on a 7 X 9 X 2-

inch aluminum chassis, but dimensions are not 
critical so long as the inductance is not crowded 
against the metal parts of the chassis or housing. 
Capacitor C2 is insulated from the chas.sis and 
panel by using small stand-off insulators for its 
support and a ceramic insulating shaft coupling. 
The switches Si and S.) are made from nylon-

insulated banana jacks (Johnson 108.-901) 
mounted on an arch of 62-inch sheet aluminum. 
IR each switch one jack serves as the rotor 

TUNING SERIES PARALLEL 

ceTleTeN A - A B - B 
JUMPER NONE A - A 

Fig. 13-24—Circuit diagram 

C1-320-µµf. midget variable (Hammarlund MC-325-M). 
C2-100-gpf. tuning, .077-inch spacing (National TMC-

100). 
Ji —Coaxial receptacle, type 50-239. 
1.1—Wire inside coaxial line. See text. 
12, La, Ls— See Fig. 13-26. 

milliammeter (Triplett 227- PL). 

of the antenna coupler. 

Ri- 25,000-ohm volume control (Mallory U•28). 

R2-33 ohms, I/2 watt. Must be composition, not wirewound. 
SI, S2—See text. 
Si—D.p.d.t. rotary switch (Centralab 1462). 

Si—Top on L, shorted to end of coil by copper test clip 
(Mueller 45C). 
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13- TRANSMISSION LINES 

terminal and the others serve as the contacts. A 
shorting bar of aluminum with two banana plugs 
(Johnson 108-750) mounted On it at the proper 
distance is used as the suit ell arm. The shorting 
bar for the A-A connection is made similarly. 
Two feedthrough insulators at the rear of the 
cabinet (Bud C-17 ti;) are used as antenna ter-
minals; flexihle letufs connected to them have 
banana plugs at the other end to connect to A-A 
or B-B as required. 
The inductors L2, L3 and L4 are made from a 

length of 2-inch diameter transmitting coil stock, 
as indicated in Fig. 13-26. While the over-all 
sizes of the coils will :a ace for practically any 
installation, it is suggested that the taps be made 
temporarily until the unit can be tested with the 
antenna to be used. The taps as indicated will be 
correct for most cases, but variations in antenna 
systems will account for some discrepancies. The 
inductors are supported by their leads from the 
banana jacks. Switch S4 is merely two solder lugs 
on the proper wires; they can be shorted together 
by clipping them with a copper test clip. (It is rec-
ommended that screws and hardware be tested 
with a magnet before using near the coils; iron 
will get hot in the fields surrounding the coils.) 
The s.w.r. bridge is made by first peeling the 

vinyl outer coating from a 3!/,-foot length of RG-
58/U. Measure 6 inches out either side of the 
center and open the shield braid slightly with a 
pointed tool. Thread a length of insulated wire 
(No. 22 or 24) in one hole and out the other, 
being careful not to scratch off the insulation 
of the wire; test with au ohmeter to make sure. 
Smooth out the shield braid on the RG-58/U 
and wrap the coaxial line for two turns around 
the meter housing. The coaxial line can then be 
threaded through a rubber grommet in the chassis 

Fig. 13-25—Rear view of the coupler 
shows the coaxial line of the s.w.r. indi-
cator wrapped around the meter. The 
test clip of S4 is parked on one of the 
feedthrough insulators for L 3. Shorting 
bar in B-B (center) only for photograph; 

it is used only in A-A. 

and led to ./.1 and the feed through from L3, both 
at the rear of the chassis. Tlu• length of insulated 
wire. Lt. will have its ends conveniently situated 
for soldering to 

In operation, the antenna feed line ran be con-
nected for series tuning if coaxial line is used and 
for parallel tuning if open-wire line is used. This 
is not an iron-clad ruh•, however, particularly 
when a high s.w.r. exists on the line to the an-
tenna. Capacitors CI and C2 are then ad just(41 for 
minimum reflected reading awl maximum for-
ward reading of Mri. If the maximum reading 
tends to send the meter off scale, increase the re-
sistance at RI. If the reflected reading cannot he 
brought down to a very low value, it may be nec-
essary to try the opposite series/parallel connec-
tion or, as mentioned earlier, to change the loca-
tion of the taps on L2 and £4. 

L, L, 

61 
9)/2 4 2 lh IY2 2 4 e 

26 0 0 26 

Fig. 13-26—Details of coil tapping. Material is No. 16 
wOund 10 t.p.i. on 2-inch diameter (B&W 3907-1). Half 
turns peeled off between 1243 and I.3- La to give one-turn 
separation. Tap placement may vary somewhat with 
antenna system. 
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CHAPTER 14 

Antennas 
An antenna system can be considered to in-

clude the antenna proper (the portion that 
radiates the r.f. energy), the feed line, and any 
coupling devices used for transferring power 
from the transmitter to the line and from the 
line to the antenna. Some simple systems may 
omit the transmission line or one or both of 
t he coupling devices. This chapter will describe 
the antenna proper, and in many cases will 
show popular types of lines, as well as line-to-
antenna couplings where they are required. 
however, it should be kept in mind that any 
antenna proper can be used with any type of 
feedline if a suitable coupling is used between 
the antenna and the line. Changing the line 
does not change the ype of antenna. 

Selecting an Antenna 

In selecting the type of antemet to use, the 
majority of amateurs are somewhat limited 
through space and structural limitations to 
simple antenna systems, except for v.h.f. op-
eration where the small space requirements 
make the use of multielement beams readily 
possible. This section will consider antennas 
for frequencies as high as 30 Me. — a later 
chapter will describe the popular types of 
v.h.f. antennas. However, even though the 
available space may be limited, it is well to 
consider the propagation characteristics of the 
frequency band or bands to be used, to insure 
that best possible use is made of the available 
facilities. The propagation characteristics of 
the amateur-band frequencies are described in 
Chapter Fifteen. In general, antenna construc-
tion and location become more critical and im-
portant on the higher frequencies. On the 
lower frequencies (3.5 and 7 Mc.) the vertical 
angle of radiation and the plane of polariza-
tion may be of relatively little importance; at 
28 Mc. they may be all-important. 

Definitions 

The polarization of a straight-wire antenna 
is determined by its position with respect to 
the earth. Thus a vertical antenna radiates 
vertically polarized waves, while a horizontal 
antenna radiates horizontally polarized waves 
in a direction broadside to the wire and 
vertically polarized waves at high vertical 
angles off the ends of the wire. The wave from 
an antenna in a slanting position, or from 
the horizontal antenna in directions other 
than mentioned above, contains components 

of both horizontal and vertical polarization. 
The vertical angle of maximum radiation 

of an antenna is determined by the free-space 
pattern of the antenna, its height above 
ground, and the nature of the ground. The 
angle is measured in a vertical plane with re-
spect to a tangent to the earth at that point, 
and it will usually vary with the horizontal 
angle, except in the case of a simple vertical 
antenna. The horizontal angle of maximum 
radiation of an antenna is determined by the 
free-space pattern of the antenna. 
The impedance of the antenna at any point 

is the ratio of the voltage to the current at that 
point. It is important in connection with feed-
ing power to the antenna, since it constitutes 
the load to the line offered by the antenna. It 
can be either resistive or complex, depending 
upon whether or not the antenna is resonant. 
The field strength produced by an antenna is 

proportional to the current flowing in it. When 
there are standing waves on an antenna, the 
parts of the wire carrying the higher current 
have the greater radiating effect. All resonant 
antennas have standing waves — only ter-
minated types, like the terminated rhombic 
and terminated " V," have substantially uni-
form current along their lengths. 
The ratio of power required to produce a 

given field strength with a "comparison" an-
tenna to the power required to produce the 
same field strength with a specified type of an-
tenna is called the power gain of the latter 
antenna. The field is measured in the optimum 
direction of the antenna under test. The com-
parison antenna is generally a half-wave antenna 
at the same height and having the same polariza-
tion as the antenna under consideration. Gain 
usually is expressed in decibels. 

In unidirectional beams (antennas with most 
of the radiation in only one direction) the 
front-to-back ratio is the ratio of power radiated 
in the maximum direction to power radiated 
in the opposite direction. It is also a measure 
of the reduction in received signal when the 
beam direction is changed from that for maxi-
mum response to the opposite direction. Front-
to-back ratio is usually expressed in decibels. 
The bandwidth of an antenna refers to the 

frequency range over which a property falls 
within acceptable limits. The gain bandwidth, 
the front-to-back-ratio bandwidth and the 
standing-wave-ratio bandwidth are of prime 
interest in amateur work. 
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14— ANTENNAS 

Ground Effects 
The radiation pattern of any antenna that 

is many wavelengths distant from the ground 
and all other objects is called the free-space 
pattern of that antenna. The free-space pat-
tern of an antenna is almost impossible to ob-
tain in practice, except in the v.h.f. and u.h.f. 
ranges. Below 30 Mc., the height of the an-
tenna above ground is a major factor in determin-
ing the radiation pattern of the antenna. 
When any antenna is near the ground the 

free-space pattern is modified by reflection of 
radiated waves from the ground, so that the 
actual pattern is the resultant of the free-space 
pattern and ground reflections. This resultant 
is dependent upon the height of the antenna, 
its position or orientation with respect to the 
surface of the ground, and the electrical 
characteristics of the ground. The effect of a 
perfectly reflecting ground is such that the 
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Fig. 14- 1—Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 

This chart is based on perfectly conducting ground. 

original free-space field strength may be 
multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. These reflections only 
affect the radiation pattern in the vertical 
plane — that is, in directions upward from the 
earth's surface — and not in the horizontal 
plane, or the usual geographical directions. 

Fig. 14-1 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas, 
As the height is increased the angle at which 
complete reinforcement takes place is lowered, 
until for a height equal to one wavelength it 
occurs at a vertical angle of 15 degrees. At still 
greater heights, not shown on the chart, the 
first maximum will occur at still smaller angles. 

Radiation Angle 

The vertical angle of maximum radiation is 
of primary importance, especially at the higher 

frequencies. It is advantageous, therefore, to 
erect the antenna at a height that will take 
advantage of ground reflection in such a way as 
to reinforce the space radiation at the most de-
sirable angle. Since low angles usually are most 
effective, this generally means that the antenna 
should be high — at least one-half wavelength 
at 14 Mc., and preferably three-quarters or 
one wavelength, and at least one wavelength, 
and preferably higher, at 28 Mc. The physical 
height required for a given height in wave-
lengths decreases as the frequency is increased, 
so that good heights are not impracticable; a 
half wavelength at 14 Mc. is only 35 feet, ap-
proximately, while the same height represents 
a full wavelength at 28 Mc. At 7 Mc. and lower 
frequencies the higher radiation angles are 
effective, so that again a useful antenna height 
is not difficult of attainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures being preferable. 

Imperfect Ground 

Fig. 14-1 is based on ground having perfect 
conductivity, whereas the actual earth is not 
a perfect conductor. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-fre-
quency radiation at angles smaller than a few 
degrees is practically impossible to obtain 
over horizontal ground. Above 15 degrees, 
however, the curves are accurate enough for 
all practical purposes, and may be taken as 
indicative of the result to be expected at angles 
between 5 and 15 degrees. 
The effective ground plane — that is, the 

plane from which ground reflections can be 
considered to take place — seldom is the actual 
surface of the ground but is a few feet below 
it, depending upon the character of the soil. 

Impedance 

Waves that are reflected directly upward 
from the ground induce a current in the an-

100 

90 

? 70 

60 

50 1,3 
t1c 40 

ts 30 

7. 20 

CC ▪ 10 

o 
1/4 1/4 3/4 LO 1/4 11/4 13'4 20 
HEI6le ABOVE GROUND 

Fig. 14- 2-- Theoretical curve of variation of radiation 
resistance fcr a very thin half-wave horizontal antenna 
as a function of height in wavelength above perfectly 

reflecting ground. 
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Half-Wave Antenna 

tenna in passing, and, depending on the an-
tenna height, the phase relationship of this 
induced current to the original current may be 
such as either to increase or decrease the total 
current in the antenna. For the same power 
input to the antenna, an increase in current is 
equivalent to a decrease in impedance, and 
vice versa. Hence, the impedance of the an-
tenna varies with height. The theoretical curve 
of variation of radiation resistance for a very 
thin half-wave antenna above perfectly reflect-
ing ground is shown in Fig. 14-2. The impedance 
approaches the free-space value as the height 
becomes large, but at low heights may differ 
considerably from it. 

Choice of Polarization 

Polarization of the transmitting antenna is 
generally unimportant on frequencies between 

3.5 and 30 Mc. However, the question of 
whether the antenna should be installed in a 
horizontal or vertical position deserves con-
sideration for other reasons. A vertical half-
wave or quarter-wave antenna will radiate 
equally well in all horizontal directions, so that 
it is substantially nondirectional, in the usual 
sense of the word. If installed horizontally, 
however, the antenna will tend to show direc-
tional effects, and will radiate best in the direc-
tion at right angles, or broadside, to the wire. 

radiation in such a case will be least in the 
direction toward which the wire points. 

'['he vertical angle of radiation also will be 
affected by the position of the antenna. If it 
were not for ground losses at high frequencies, 
the vertical half-wave antenna would be pre-
ferred because it would concentrate the radia-
tion horizontally. 

The Half-Wave Antenna 

A fundamental form of antenna is a single 
wire whose length is approximately equal to 
half the transmitting wavelength. It is the unit 
fnom which many mi re-eomplex forms of an-
tennas are eonstrueted. It is known as a dipole 
antenna. 
The length of a half-wave in space is: 

492  
Length (feet) — (14-A) 

Freq. ( Me.) 

The actual length of a half-wave antenna 
will not be exactly equal to the half-wave 
in space. lout depends upon the thickness of the 
conductor in relation to the wavelength as 
shown in Fig. 14-3, where K is a factor that 
must be multiplied by the half wavelength in 
free space to obtain the resonant antenna 
length. An additional shortening effect occurs 
with wire antennas supported by insulators at 
the ends because of the capacitance added to 
the system by the insulators (end effect). 
The following formula is sufficiently accurate 
for wire antennas at frequencies up to 30 Mc.: 

Length of half-wave antenna (feet) = 

492 X 0.95 _  468  
(14-B) 

Freq. ( Me.) Freq. (Mc.) 

Example: A half-wave antenna for 7150 kc. 
. 468 

(7.15 Me.) is — = 65.45 feet, or 65 feet 5 
7.15 

inches. 

Above 30 Mc. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. K is taken from Fig. 14-3. 

Length of half- wave antenna (feet) = 

492 < K  

Freq. (Mr.) 

5905 X K 
or length (inches) — (14-D) 

Freq. (Mc.) 

(14-C) 

Example: Find the length of a half wavelength 
antenna at 29 Mc.. if the antenna is made of 2-
inch diameter tubing. At 29 Mc., a half wave-

492 
length in space is — = 16.97 feet, from Eq. 

29 
14-A. Ratio of half wavelength to conductor 

diameter (changing wavelength to inches) is 

16.97 X 12  
- 101.8. From Fig. 14-3, K = 0.983 

2 
for this ratio. The length of the antenna, from 

Eq. 14-C, is492 X 0.963 = 16.34 feet, or 16 feet 
29 

4 inches. The answer is obtained directly in 

5905 X 0.963 
inches by substitution in Eq. 14 D: 

29 
= 196 inches. 
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Fig. 14-3—Effect of antenna diameter on length for 
half-wave resonance, shown as a multiplying factor, K, 
to be applied to the free-space half wavelength (Equa-
tion 14-A). The effect of conductor diameter on the center 

impedance also is shown. 

Current and Voltage Distribution 

When power is fed to an antenna, the current 
and voltage vary along its length. The current 
is maximum (loop) at the center and nearly 
zero (node) at the ends, while the opposite is 
true of the r.f. voltage. The current does not 
actually reach zero at the current nodes, because 
of the end effect; similarly, the voltage is not 
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Fig. 14-4—The above scales, based on Eq. 14-B, can be 
used to determine the length of a half-wave antenna of wire. 
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Kc. 

zero at its node because of the resistance of the 
antenna, which consists of both the r.f. resistance 
of the wire (ohmic resistance) and the radiation 
resistance. The radiation resistance is an 
equivalent resistance, a convenient conception 
to indicate the radiation properties of an an-
tenna. The radiation resistance is the equiva-
lent resistance that would dissipate the power 
the antenna radiates, with a current flowing in 
it equal to the antenna current at a current 
loop (maximum). The ohmic resistance of a 
half wavelength antenna is ordinarily small 
enough, compared with the radiation resistance, 
to be neglected for all practical purposes. 

Impedance 

The radiation resistance of an infinitely-
thin half-wave antenna in free space is about 
73 ohms. The value under practical condi-
tions is commonly taken to be in the neighbor-
hood of 60 to 70 ohms, although it varies with 
height in the manner of Fig. 14-2. It increases 
toward the ends. The actual value at the ends 
will depend on a number of factors, such as the 
height, the physical construction, the insulators 
at the ends, and the position with respect to ground. 

Conductor Size 
The impedance of the antenna also depends 

upon the diameter of the conductor in relation 
to the wavelength, as indicated in Fig. 14-3. If 
the diameter of the conductor is increased 
the capacitance per unit length increases and 
the inductance per unit length decreases. 
Since the radiation resistance is affected rela-
tively little, the decreased L/C ratio causes 
the Q of the antenna to decrease, so that the 
resonance curve becomes less sharp. Hence, the 
antenna is capable of working over a wide 
frequency range. This effect is greater as the 
diameter is increased, and is a property of some 
importance at the very-high frequencies where 
the wavelength is small. 

Radiation Characteristics 

The radiation from a dipole antenna is not 

Ft. 

ANTENNA 

uniform in all directions but varies with the 
angle with respect to the axis of the wire. It 
is most intense in directions perpendicular to 
the wire and zero along the direction of the 

REDUCED 
RADIATION 

MAX 
RADIATION 

Fig. 14-5—The free-space radiation pattern of a half-
wave antenna. The antenna is shown in the vertical 
position, and the actual "doughnut" pattern is cut in 
half to show how the line from the center of the an-
tenna to the surface of the pattern varies. In practice 
this pattern is modified by the height above ground 
and if the antenna is vertical or horizontal. Fig. 14-1 
shows some of the effects of height on the vertical 

angle of radiation. 

wire, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 14-5, 
which represents the radiation pattern in free 
space. The relative intensity of radiation is pro-
portional to the length of a line drawn from the 
center of the figure to the perimeter. If the an-
tenna is vertical, as shown, then the field strength 
will be uniform in all horizontal directions; if the 

Fig. 14-6—Illustrating the importance 
of vertical angle of radiation in deter-
mining antenna directional effects. Off 
the end, the radiation is greater at 
higher angles. Ground reflection is 
neglected in this drawing of the free-
space pattern of a horizontal antenna. 

antenna is horizontal, the relative field strength 
will depend upon the direction of the receiving 
point with respect to the direction of the antenna 
wire. The variation in radiation at various verti-
cal angles from a half wavelength horizontal an-
tenna is indicated in Figs. 14-16 and 14-7. 

• FEEDING A DIPOLE ANTENNA 

Direct Feed 

If possible, it is advisable to locate the an-
tenna at least a half wavelength from the 
transmitter and use a transmission line to 
carry the power from the transmitter to the 
antenna. However, in many cases this is im-
possible, particularly on the lower frequencies, 
and direct feed must be used. Three examples 
of direct feed are shown in Fig. 14-8. In the 
method shown at A, C1 and C2 should be about 
150 1.11.4f. each for the 3.5-Me. band, 75 bibif. 
each at 7 Mc., and proportionately smaller 
at the higher frequencies. The antenna coil 
connected between them should resonate to 
3.5 Mc. with about 60 or 70 bid., for the 80-
meter band, for 40 meters it should resonate 
with 30 or 35 me, and so on. The circuit is 
adjusted by using loose coupling between the 
antenna coil and the transmitter tank coil and 
adjusting C1 and C2 until resonance is indi-
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Fig 14-7—Horizontal patte n of a horizontal half-wave 
antenna at three vertical radiation angles. The solid line 
is relative radiation at 15 degrees. Dotted lines show 
deviation from the 15-degree pattern for angles of 9 
and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the an-
tenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the some scale, but this does not mean that the maxi-
mum amplitudes necessarily will be the same. The arrow 
indicates the direction of the horizontal antenna wire. 

cated by an increase in plate current. The 
coupling between the coils should then be in-
creased until proper plate current is drawn. It 
may be necessary to re-resonate the transmitter 
tank circuit as the coupling is increased, but 
the change should be small. 
The circuits in Fig. 14-8B and C are used 

when only one end of the antenna is accessible. 
In B, the coupling is adjusted by moving the 

OUTPUT 
TANK 

(A) 
OUTPUT 
TANK 

(B ) ShortCoorections 

OUTPUT 
TANK 

(c) 

Fig. 14-8—Methods of 
directly exciting the 
half-wave antenna. A, 
current feed, series tun-
ing; B, voltage feed, 
capacitive coupling; C, 
voltage feed, with in-
ductively coupled an-
tenna tank. In A, the 
coupling circuit is not 
included in the effective 
electrical length of the 
antenna system proper. 
Link coupling can be 

used in A and C. 

tal) toward the "hot" or plate end of the tank 
coil — the series capacitor may be of any con-
venient value that will stand the voltage, and 
it doesn't have to be variable. In the circuit 
at C, the antenna tuned circuit (CI and the 
antenna coil) should be similar to the trans-
mitter tank circuit. The antenna tuned cir-
cuit is adjusted to resonance with the antenna 
connected but with loose coupling to the 
transmitter. Heavier loading of the tube is 

then obtained by tightening the coupling be-
tween the antenna coil and the transmitter 
tank coil. 

Of the three systems, that at A is preferable 
because it is a symmetrical system and gener-
ally results in less r.f. power " floating" around 
the shack. The system of B is undesirable be-
cause it provides practically no protection 
against the radiation of harmonics, and it 
should only be used in emergencies. 

Transmission-Line Feed for 
Dipoles 

Since the impedance at the center of a dipole 
is in the vicinity of 70 ohms, it offers a good match 
for 75-ohm two-wire transmission lines. Several 
types are available on the market, with different 
power-handling capabilities. They can be con-
nected in the center of the antenna, across a small 
strain insulator to provide a convenient connec-
tion point. Coaxial line of 75 ohms impedance can 
also be used, but it is heavier and thus not as 

I.---Half-wavelength from formula --I 
% 
/ Solder joinf'dr Solder joint 

No.12 or 
No.14 wire 

75-ohm Twin-Lead 
or coaxial line 

Fig. 14-9—Construction of a dipole fed with 75-ohm 
line. The length of the antenna is calculated from Equation 

14-B or Fig. 14-4. 

convenient. In either case, the transmission 
line should be run away at right angles to the 
antenna for at least one-quarter wavelength, if 
possible, to avoid current unbalance in the 
line caused by pick-up from the antenna. The 
antenna length is calculated from Equation 
14-B, for a half wavelength antenna. When 
No. 12 or No. 14 enameled wire is used for the 
antenna, as is generally the case, the length of 
the wire is the over-all length measured from 
the loop through the insulator at each end. 
This is illustrated in Fig. 14-9. 
The use of 75-ohm line results in a "flat" 

line over most of any amateur band. However, 
by making the half-wave antenna in a special 
manner, called the two-wire or folded dipole, 
a good match is offered for a 300-ohm line. 
Such an antenna is shown in Fig. 14-10. The 
open-wire line shown in Fig. 14-10 is made of 
No. 12 or No. 14 enameled wire, separated by 

-- Half wavelength from formula 1 

Solder joint 
Lightweight spacers 
teed in place with 
No 18 wire 

300-ohm 
Twin- Lead 

Fig. 14- 10— The construction of an open-wire folded 
dipole fed with 300-ohm line. The length of the antenna 

,s calculated from Equation 1 4-B or Fig. ' 4-4. 
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Lightweight 
spacers 

lightweight spacers of Lucite or other material 
(it doesn't have to be a imst-/oxs insulating 
material), and the spacing can be on the order 
of from 4 to 8 inches, depending upon what is 
convenient and what the operating frequency 
is. At 14 Mc., 4-inch separation is satisfactory, 
and 8-inch spacing can be used at 3.5 Mc. 
The half navelength antenna can also be 

made from the proper length of 300-ohm line, 
opened on one side in the center and connected 
to the feedline. After the wires have been 
soldered together, the joint can be strength-
ened by molding some of the excess insulating 
material (polyethylene) around the joint with 
a hot iron, or a suitable lightweight clamp of 
two pieces of Lucite can be devised. 
 Half wavelength free formula  

Solder joint 

600-ohm 
open-wire line 

Wood' or 
metal spacer 

Fig. 14-11—The construction of a 3-wire folded dipole 
is similar to that of the 2-wire folded dipole. The end 
spacers may have to be slightly stronger than the others 
because of the greater compression force on them. The 
length of the antenna is obtained from Equation 14-B 
or Fig. 14-4. A sui•able line can be made from No. 14 
wire spaced 5 inches, or from No. 12 wire spaced 6 inches. 

Similar in some respects to the t wo-wire 
folded dipole, the three-wire folded dipole of 
Fig. 14-11 offers a good match for a 600-ohm 
line. It is favored by amateurs who prefer to 
use an open-wire lisse instead of the 300-ohm 
insulated line. The three wires of the antenna 
proper should all be of the same diameter. 

Another method for offering a match to a 
600-ohm open-wire line with a half wavelength 
antenna is shown in Fig. 14-12. The system is 
called a delta match. The line is "fanned" 
as it approaches the antenna, to have a gradu-
ally increasing impedance that equals the an-
tenna impedance at the point of connection. 
The dimensions are fairly critical, but careful 
measurement before installing the antenna and 
matching section is generally all that is neces-
sary. The length of the antenna, L, is (talen-

  t_   

Fig. 14-12—Delta-matched antenna system. The di-
mensions C, D, and E are found by formulas given in 
the text. It is important that the matching section, E, 
come straight away from the antenna without any bends. 

lated from Equation 14-B or Fig. 14-4. The 
length of section C is computed from: 

C (feet) — 118 (14-E) 
Freq. (Mc.) 

The feeder clearance, E, is found from 

E (feet) — 148  (14-F) 
Freq. ( Mc.) 

Example: Fora frequency of 7.1 Mc., the length 
468 

L — 65.91 feet, or 65 feet 11 inches. 
7.1 
118 

C = — 16.62 feet, or 16 feet 7 inches. 
7.1 
148 

E = — = 20.54 feet. or 20 feet 10 inches. 
7.1 

Since the equations hold only for 600-ohm 
line, it is important that the line be close to 
this value. This requires 5-inch spaced No. 
14 wire, 6-inch spaced No. 12 wire, or 3%-inch 
spaced No. 16 wire. 

If a half wavelength antenna is fed at the 
center with other than 75-ohm lisse, or if a 
two-wire dipole is fed with other than 300-ohm 
lisse, standing waves will appear ou the lisse 
and coupling to the transmitter may become 
awkward for some line lengths, as described 
in Chtspter 13. However, ill many vases it is 
mil convenient to feed the half- wave alitenna 
with the correct line (as is the case where multi-
band operation of the same antenna is desired), 
and sometimes it is not convenient to feed the 
antenna at the center. Where multiband opera-
tion o() be disrussed later) or when 
the antenna must be feel at one end by a trans-

r Half-wavelentth from formula — 1 Half-wavelength from formula 

Solder \ joint Solder joint 
tee or 4114 wire — 
hard-drawn or 

coppenveld 

Ceramic spacers tied in 
(A) Iplace with No.I8 wire 

y y No.I4 soft-drawn copper 
To transmitter To transmitter 

Fig. 14- 13—The half-wave antenna can be fed at the 
center or at the end with an open-wire line. The antenna 

length is obtained from Equation 14-B or Fig. 14-4. 

mission line, an oisen-wim lisse of from 450 to 
600 ohms impedance is generally used. The im-
'sedative at the end of a half wavelength antenna 
is its the vicinity of several thousand ohms, 
and hence a standing-wave ratio of 4 or 5 is not 
unusual when the line is conneeted to the end of 
the antenna. It is advisable, therefore, to keep 
the losses in the line as low as possible. This re-
quires the use of ceramic or Micalex feeder 
spacers, if any appreciable power is used. For 
low-power installations in dry climates, dry 
wood spacers boiled in paraffin are satisfactory. 
Mechanical details of half wavelength antennas 
fed with open-wire lines are given in Fig. 14-l:l. 
Regardless of the power level, solid-dieleetrie 
Twin-Lead is not recommended for this use. 
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Long-Wire Antennas 

An antenna will be resonant so long as an 
integral number of standing waves of current 
and voltage can exist along its length; in other 
words, so long as its length is some integral 
multiple of a half wavelength. When the an-
tenna is more than a half-wave long it usually 
is called a long-wire antenna, or a harmonic 
antenna. 

Current and Voltage Distribution 

Fig. 14-14 shows the current and voltage 
distribution along a wire operating at its 
fundamental frequency (where its length is 

Vollaae (E) 

Carre,,ta, 

FUNDAMENTAL (HALF-WAVE) 

2No HARMONIC (FULL-WAVE) 

A 

340 HARMONIC (.n/.WAVE) 

D 

4,..4 HARMONIC ( 2- WAVE) 

Fig. 1 4-1 4— Standing-wave current and voltage distri-
bution along an antenna when it is operated at various 

harmonics of its fundamental resonant frequency. 

equal to a half wavelength) and at its second, 
third and fourth harmonics. For example, if 
the fundamental frequency of the antenna is 7 
Mc., the current and voltage distribution will 
be as shown at A. The same antenna excited at 
14 Mc. would have current and voltage dis-
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half waves con-
tained in the antenna at the particular operat-
ing frequency. 
The polarity of current or voltage in each 

standing wave is opposite to that in the ad-
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an-
tenna (taken as a zero reference line), to indi-
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 

flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically-related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of multiband 
operation with one antenna. 

Physical Lengths 

The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the 
end sections of the antenna; in other parts of 
the wire these effects are absent, and the wire 
length is approximately that of an equivalent 
portion of the wave in space. The formula for 
the length of a long-wire antenna, therefore, is 

492 (N — 0.05)  
Length (feet) — 14-G 

Freq. (Mc.) 

where N is the number of half-waves on the 
antenna. 

Example: An antenna 4 half-waves long at 14.2 
Mc. would be 492 (4 — 0.05) 492 X 3.95  

14.2 14.2 

= 136.7 feet, or 136 feet 8 inches. 

It is apparent that an antenna cut as a half-
wave for a given frequency will be slightly off 
resonance at exactly twice that frequency (the 
second harmonic), because of the decreased in-
fluence of the end effects when the antenna is 
more than one-half wavelength long. The effect 
is not very important, except for a possible un-
balance in the feeder system and consequent 

180 

160 

140 

.1120 

1000 

ce 

44) 

20 

6e. 

A 

o 

4 

6 

re 
41 

3 

2 

2 3 4 5 6 7 8 9 10 11 12 
ANTENNA LENGTH -.4 

Fig. 14-15—Curve A shows variation in radiation re-
sistance with antenna length. Curve B shows power in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 
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Fig 14-16—Horizontal patterns of radiation from a 
full wave antenna. The solid line shows the pattern for a 
ver ical angle of 15 degrees; dotted lines show deviation 
from the 15-degree pattern at 9 and 30 degrees. All three 
patterns are drawn to the same relative scale; actual am-
plitudes will depend upon the height of the antenna. 

radiation from the feedline. If the antenna is 
fed in the exact center, no unbalance will 
occur at any frequency, but end-fed systems 
will show an unbalance on all but one frequency 
in each harmonic range. 

Impedance and Power Gain 

The radiation resistance as measured at a 
current loop becomes higher as the antenna 
length is increased. Also, a long-wire antenna 
radiates more power in its most favorable di-
rection than does a half-wave antenna in its 
most favorable direction. This power gain is 
secured at the expense of radiation in other 
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Fig. 14- 17—Horizontal patterns of radiation from an 
antenna three half-waves long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 

degrees. Minor lobes coincide for all three angles. 

directions. Fig. 14-15 shows how the radiation 
resistance and the power in the lobe of maxi-
mum radiation vary with the antenna length. 

Directional Characteristics 

As the wire is made longer in terms of the 
number of half wavelengths, the directional 
effects change. Instead of the "doughnut" 
pattern of the half-wave antenna, the direc-
tional characteristic splits up into "lobes" 
which make various angles with the wire. In 
general, as the length of the wire is increased 
the direction in which maximum radiation 
occurs tends to approach the line of the an-
tenna itself. 

Direct ional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 14-11i, 
14-17 and 14-18, for three vertical angles of 
radiation. Note that, as the wire length in-

Fg. 14-18—Horizontal patterns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The minor lobes coincide for all three angles. 

creases, the radiation along the line of the an-
tenna becomes more pronounced. Still longer 
antennas can be considered to have practically 
"end-on" directional characteristics, even at 
the lower radiation angles. 

Methods of Feeding 

In a long-wire antenna, the currents in ad-
jacent half-wave sections must be out of phase, 
as shown in Fig. 14-14. The feeder system must 
not upset this phase relationship. This is satisfied 
by feeding the antenna at either end or at any 
current loop. A two-wire feeder cannot be in-
serted at a current node, however, because this 
invariably brings the currents in two adjacent 
half-wave sections in phase. A long wire antenna 
is usually made a half wavelength at the lowest 
frequency and fed at the end. 
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Multiband Antennas 

As suggested in the preceding section, the 
same antenna may be used for several bands 
by operating it on harmonies. When this is 
done it is necessary to use tuned feeders, since 
the impedance matching for nonresonant feeder 
operation can be accomplished only at one 
frequency unless means are provided for changing 
the length of a matching section and shift-
ing the point at which the feeder is at 
to it. 
A dipole antenna that is center-fed by a solid-

dielectric line is useless for even harmonie 
operation ; on all even harmonics there is a voltage 
maximum occurring right at the feed point, and 
t he resultant impedance mismatch causes a large 
standing-wave ratio and consequent ly high losses 
arise in the solid dielectric. It is wise not to at-
tempt to use on its even harmonics a half-wave 
antenna center-fed with coaxial cable. On odd 
harmonics, as between 7 and 21 Mc.. a current 
loop will appear in the center of the antenna and 
a fair match can be obtained. High-impedance 
solid-dielectric lines such as 300-ohm Twin-Lead 
may be used in an emergency, provided the 
power does not exceed a few hundred watts, but 
it is an inefficient feed method. 
When the same antenna is used for work in 

several bands, the directional characteristics 
will vary with the band in use. 

Simple Systems 

The most practical simple multiband an-
tenna is one that is a half wavelength long at 
the lowest frequency and is fed either at the 
center or one end with an open-wire line. 
Although the standing wave ratio on the feed-
line will not approach 1.0 on any band, if the 
losses in the line are low the system will be 
efficient. From the standpoint of reduced feed-
line radiation, a center-fed system is superior 
to one that is end-fed, but the end-fed arrange-
ment is often more convenient and should 
not be ignored as a possibility. The center-fed 
antenna will not have the same radiation 
pattern as an end-fed one of the same length, 
except on frequencies where the length of the 
antenna is a half wavelength. The end-fed an-
tenna acts like a long-wire antenna on all bands 
(for which it is longer than a half wavelength), 
but the center-fed one acts like two antennas 
of half that length fed in phase. For example, 
if a full-wavelength antenna is fed at one end, it 
will have a radiation pattern as shown in Fig. 
14-16, but if it is fed in the center the pattern 
will be somewhat similar to Fig. 14-7, with the 
maximum radiation broadside to the wire. Either 
antenna is a good radiator, but if the radiation 
pattern is a factor, the point of feed must be 
considered. 

Since multiband operation of an antenna 
does not permit matching of the feedline, some 
attention should he paid to the length of the 
feedline if convenient transmitter-coupling ar-

rangements are to be obtained. Table 14-I gives 
some suggested antenna and feeder lengths for 
multiband operation. In general, the length 
of the feedline can be other than that indicated, 
but the type of coupling circuit may change. 
Open-wire line feed is recommended for an 

antenna of this type, since the losses will rim too 
high in solid-dielectric line. For low-power appli-
cations up to a few hundred watts, open-wire TV 
line is convenient and satisfactory to use. How-
ever, for high-power installations up to the kilo-
watt limit, : el open-wire line with No. 14 or No. 
12 conduet ors should be used. This can be built 
from soft-drawn wire and ceramic or other suit-
able spaeers, or it can he bought ready-made. 

Antennas for Restricted Space 

If the space available for the antenna is not 
large enough to accommodate the length nec-
essary for a half wave at the lowest frequency 
to be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 
up the missing length in the feeder system. The 
antenna itself may be as short as a quarter wave-
length and will radiate fairly well, although of 
course it will not be as effective as one a half 
wave long. Nevertheless, such a system is useful 
where operation on the desired band otherwise 
would 1,e impossible. 
Tuned feeders are a practical necessity with 

such an antenna system, and a center-fed an-
tenna will give best all-around performance. 

TABLE 14-I 

Multiband Tuned-Line-Fed Antennas 

Feeder Type of 
Antenna Length Band Coupling 

Length ( Ft.) (Pt.) Circuit 

With end feed: 

135 45 3.5 - 21 Series 
28 Parallel 

67 45 7-21 Series 
28 Parallel 

With center feed: 

135 l 42 3.5 - 21 Parallel 
28 Series 

135 77% 3.5 - 28 Parallel 

67 42% 3.5 Series 
7-28 Parallel 

  — -- -  — -- — --
67 !65 5i I 3.5, 14, 28 Parallel 

r 7, 21 Series 

Antenna lengths for end-fed antennas are approxi-
mate and should be cut to formula length at favorite 
operating frequency. 
Where parallel tuning is specified, it will be neces-

sary in some cases to tap in from the ends of the coil 
for proper loading — see Chapter 13 for examples of 
antenna couplers. 
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Turnnq 
Apparatus 

Fig. 14-19—Practical arrangement of a shortened an-
tenna. When the total length, A + B B ± A, is the 
some as the antenna length plus twice the feeder length 
of the center-fed antennas of Table 14-1, the same type 
of coupling circuit will be used. When the feeder length or 
antenna length, or both, makes the sum different, the type 
of coupling circuit may be different but the effectiveness 
of the antenna is not changed, unless A A is less than 

a quarter wavelength. 

Wills end feed the feeder currents become badly 
unbalanced. 
With center feed, practically any convenient 

length of antenna can be used. If the total length 
of antenna plus twice feedline is the same as in 
Table 14-I, the type of tuning will be the same 
as stated. This is illustrated in Fig. 14-19. If the 
total length is not the sanie, different tuning 
conditions can be expected on some bands. This 
should not be interpreted as a fault in the an-
tenna, and any tuning system (series or parallel) 
that works well without any trace of heating is 
quite satisfactory. Heating may result when the 
taps with parallel tuning are made too (dose to 
the eenter of the coil — it can often be corrected 
by using less total inductance and snore capaci-
tance. 

Bent Antennas 

Sinee the field strength at a distainq. is pro-
portional to the current in the antenna, the 
high-current part of a dipole antenna ( the center 
quarter wave, approximately) does most of 
the radiating. Advantage can be taken of this 
fact when the space available does not Ix-mut 
building an antenna a half-wave long. In this 
case the ends may be bent, either horizontally or 
vertically, so that the total length equals a half 
wave, even though the straightaway horizontal 
length may be as short as a quarter wave. The 
operation is illustrated in Fig. 14-20. Such an 
antenna will be a somewhat better radiator than 
a quarter wavelength : tut erina on the lowest fre-

Fig. 14-20—Folded arrangement for shortened antennas. 
The total length is a half-wave, not including the feeders. 
The horizontal part is made as long as convenient and the 
ends dropped down to make up the required length. 
The ends may be bent back on themselves like feeders to 
cancel radiation partially. The horizontal section should 

be at least a quarter wave long. 

quency, but is not so desirable for multi-
band operation because the ends play ass 
increasingly important part as the fre-

quency is raised. The performance of the system 
in such a case is difficult to predict, especially if 
the ends are vertical (the most convenient ar-
rangement) because of the complex combination 
of horizontal and vertical polarization which re-
sults as well as the dissimilar directional charac-
teristics. However, the fact that the radiation 
pattern is incapable of prediction does not de-
tract from the general usefulness of the antenna. 
For one-band operation, end-loading with coils 
(5 feet or so in from each end) is practical and 
efficient. 

"Windom" or Off- Center-Fed Antenna 

A multiband antenna that enjoyed consider-
able popularity in the 1930s is the " off-center 
feed" or "%Viiidom," named after the amateur 
who wrote a comprehensive article about it. 
Shown in Fig. 14-21A, it consists of a half wave-
length antenna on the lowest-frequency band to 
be used, with a single-wire feeder eorms;cted 
off center. The antenna will operate satisfactorily 

L(feet 468 )= 

.36L 

TO TRANS 

(A) 
PI NETWORK 

136' 

No. 14 
Any tenyth 

TO TRAN 

PARALLEL 

300-ohmline, 
any length 

SALUN 
COILS 

U 
To Trans 

Fig. 14-21—Two versions of the off-center-fed antenna. 
(Al Single-wire feed shows approximately 600 ohms 

impedance to ground and is most conveniently coupled 
to the transmitter as shown. The pi-network coupling 
will require more capacity at Cs than at C2. Li is best 
found by experiment—an inductance of about the same 
size as that used in the output stage is a good starting 
point. The parallel-tuned circuit will be a tuned circuit 
that resonates at the operating frequency with L and C 
close to those used in the output stage. The tap is found 
by experiment, and it should be as near the top of L as 
it can and still give good loading of the transmitter. 

(B) Two-wire off-center feed uses 300-ohm TV line. 
Although the 300-ohm line can be ccupled directly to some 
transmitters, it is common practice to step down the im-
pedance level to 75 ohms through a pair of "balun" coils. 
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on the even-harmonic frequencies, and thus a 
single antenna can be made to serve on the 80-, 
40-, 20-, and 10-meter bands. The single-wire 
feeder shows an impedance of approximately 600 
ohms to ground, and consequently the antenna 
coupling system must be capable of matching this 
value to the transmitter. A tapped parallel-tuned 
circuit or a properly-proportioned pi-network 
coupler is generally used. Where TVI is a prob-
lem, the antenna coupler is required, so that a 
low-pass filter can be used in the connecting link 
of coaxial line. 

Although theoretically the feed line can be of 
any length, some lengths will tend to give trou-
lilt; with "too much r.f. in the shack," with the 
consequence that r. f. sparks can be drawn from 
the transmitter's metal cabinet and/or v.f.o. 
notes will develop serious modulation. If such is 
found to be the ease, the feeder length should be 
changed. 
A newer version of the off-center-feed antenna 

uses 300-ohm TV Twin-Lead to feed the antenna, 
as shown in Fig. 14-21B. It is claimed that the 
antenna offers a good match for the 300-ohm line 
on four bands and, although this is more wishful 
thinking than actual truth, the system is widely 
used and does work satisfactorily. It is subject to 
the same feed line length and "r.f.-in-the-shack" 
troubles that the single-wire version enjoys. 
However, in this ease a pair of "balun" coils can 
be used to step down the impedance level to 
75 ohms and at the same t iine alleviate some of 
the feed line troubles. This antenna system is 
popular among amateurs using multiband trans-
mitters with pi-net work-tuned output stages. 
With either of the off-center-fed antenna sys-

tems, the feed line should run away from the 
antenna at right angles for as great a distance as 
possible before bending. No sharp bends should 
be allowed anywhere in the line. 

Multiband Operation with Coaxial 
Line Feed 

The proper use of coaxial line requires that the 
standing-wave ratio be held to a low value, pref-
erably below 2:1. Since the impedance of an ordi-
nary antenna changes widely from band to band, 
it is not possible to feed a simple antenna with 
coaxial line and use it on a number of bands with-
out tricks of some kind. The single exception to 
this is the use of 75-ohm coaxial line to feed a 
7-Me, half-wave antenna, as in Fig. 14-19; this 
antenna eau also be used on 21 Me. and the 
s.w.r. in the line will not. run too high. 
One multiband antenna system that can be 

used by anyone without much trouble is shown 
in Fig. 14-22. Here separate dipoles are connected 
to one feedline. The 7-Me. dipole also serves on 
21 Mc. A low s.w.r. will appear on the feedline in 
each band if the dipoles are of the proper length. 
The antenna system can be built by suspending 
one set of elements from the one above, using 
insulator-terminated wood spreaders about one 
foot long. An alternative is to let one antenna 
droop several feet. under the other, bring ropes 
attached to t he insulators back to a common sup-

Fig. 14-22—An effective "all- band" antenna fed with a 
single length of coaxial line can be constructed by ¡oining 
several half wavelength antennas at their centers and 
feeding them at the common point. In the example above, 
a low s.w.r. will be obtained on 80, 40, 20 and 15 meters. 
(The 7-Mc, antenna also works at 21 Mc.) If a 28-Mc. 
antenna were added, 10-meter operation could also be 

included. 
The antenna lengths can be computed from formula 

14-B. The shorter antennas can be suspended a foot or 
two below the longest one. 

port. point. It has been found that a separation of 
only an inch or two between dipoles is satisfac-
tory. By using a length of the Twin-Lead used for 
folded dipoles (one Copperweld conductor and 
one soft-drawn), the strong wire can be used for 
the low-frequency dipole. The soft-drawn wire is 
then used on a higher band, supported by the 
solid dielectric. 
A vertical antenna can be operated on several 

bands and fed with a single length of coaxial line 
provided the antenna is no longer than 0.6 wave-
length at the highest frequency anti that a suitable 
matching network for each I mnd is used at the base. 
A good radius! or ground system is required. The 
matching sections can he housed in a weather-
proof box and changed manually or by stepping 
relays; their form will vary from parallel-tuned 
circuits to L sections. (See McCoy, QST, Decem-
ber, 1955, for description of L-section coupler.) 

Multiband "Trap" Antennas 

Another approach to the problem of nu I t il : Lii(l 
operation with a single maimed feed line is the 
use of parallel-tuned circuits installed in the an-
tenna at the right points to "divorce" the re-
mainder of the antenna from the center section 
(part fed by coaxial line) as the transmitter is 
('hanged to a higher-frequency band. This prin-
ciple of the divorcing circuits is utilized in a corn-
mereial "all-band" vertical antenna, and a 5-band 
kit for horizontal antennas is also available com-
mercially. The divorcing circuits are also used in 
several commercial multiband beams for the 14-, 
21- and 28-Me. bands. 
The multiband antenna system shown in Fig. 

14-23 may be of interest to the ham who wishes 
to work on several bands but doesn't have suffi-
cient space for an 80-meter antenna and conse-
quently is limited to 40 meters and below. (A 
five-band antenna requires more than a 100-foot 
span; see Greenberg, QST, October, 1956.) 
On 40 meters the traps serve as inductors to 

load the system to 7 Mc. On 20, the traps ( reso-
nant to 1-L I Mc.) divorce the 13 sections from the 
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antenna proper. On 28 o 1(.. tIte entire antenna 
beromes approximately a 5/2-radiator. 
As shown in Fig. 11-23, vault trap is literally 

(milt around an "egg" or "strain" insulator. In 
this type of insulator, the hole : tt one end is at 
right angles to t he Itoh at t he tit her end, and t he 
wires are fastened as in Fig. I - 1-25. These insulators 
have greater compressive strength than tensile 
strength and will not permit the antenna to fall 
should the insulator break, since tlu. t wo inter-
looped win's prevent it. There is ample space 
within the inductor for both the insulator and 
capavitor. The pla.st voyers are not essential hut 
an. einisidered desirable beeause they provide 
mechanieal protection and prevent the accumu-
lation of ice or soot and tars which may not wash 
off the traps when it rains. 

Ult.etrieally, each trap consists of a 25-ppd. 
esipiritor shunted by 4.7 µh. of induct:wee. A 

t nth') ceramic transmittitig eapacitor 857-
25Z, rated at 15,000 volts d. c., is shown : it \vill 
safely handle a kilowatt. Otlu•r ceramie ealtaci-
tors rated at approximately 6000 volts would be 
satisfactory, as well as eheaper. Tlw inductors are 
made of No. 12 wire, 2f,:; inches in diameter, 6 
turns per ineh ( B & W 39054 coil stork). 
One may wish to (loose a different frequency 

in the 20-meter band for which optimum results 
are desired; for example, 14.05 Me. for c.w. opera-
tion, 14.25 Mc. for phone operation, or perhaps 
14.175 Mc. for general coverage. In any case, the 
number cf inductor turns is toljusted accordingly. 

Trap Adjustment 

As a preliminary step, loops of No. 12 wire are 
fitted to one of the egg insulators in the normal 
manner (see Fig. 14-25 ), except t hat after the wraps 
are made, the end leads are snipped oil (flute to 

Fig. 14-23—Sketch showing dimen-
sions of a trap dipole covering the 40-, 
20- and 10-meter bands. The total span 

is less than 60 feet. 

the wraps. A capacitor is then placed in position 
and bridged with short leads across the insulator 
and soldered sufficiently to provide temporary 
support. The combination is then slipped inside 
about II) turns of the inductor, one end of which 
should be soldered to an insulator-capacitor lead. 
Adjustment to the resonant frequency can now 
proceed, using a grid-dip meter. 

Coupling between the g.d.o. and the trap 
should be very loose. To insure accuracy, the 
station receiver should be used to check the g.d.o. 
frequency. The inductance should be reduced 1/1 
turn at a time. If one is careful, the resonant fre-
queney can easily be set to within a few kilo-
cycles of the chosen figure. 
The reason for snipping the end leads close to 

the wraps and the inclusion of the loops through 
the egg insulator soon becomes apparent. The 
resonant frequency of the capacitor and inductor 
alone is reduced about 20 ke. per inch of end lead 
length and about 350 ke. by the insulator loops. 
The latter add approximately 2 pd. to the fixed 
capacitor value and account for the total of 27 
mgf. shown in Fig. 14-23. 

Assembly 

Having determined the exact number of in-
ductor turns, the trap is taken apart and reas-
sembled with leads of any convenient length. One 
may, of course, connect the entire lengths of sec-
tions .1 and B to the trap at this time, if desired. 
But, if more convenient, a foot or two of wire can 
be fastened and the remaining lengths soldered on 
just before the antenna is raised. 
The protective covers are most readily formed 

by wrapping two turns ( plus an overlap of 
inch) of 0.020-inch polystyrene or lucite sheeting 
around a 3-inch plastie disk held at the center of 

the cylinder so formed. The length of 
the cover should be about 4 inches. A 
very small amount of plastic solvent 
(a t.ohesive cement that actually soft-
ens the plastie surfaces) should then be 
applied under the edge of the overlap 
and the joint held firmly for about 

Fig. 14-24--The 14-Mc, trap is enclosed in a 
weatherproof cover made of plastic sheet. The 
ceramic capacitor and strain insulator are 

inside the coil. 
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Fig. 14-25—Method of connecting the antenna wire 
to the strain insulator. The antenna wire is cut off dose 
to the wrap before checking the resonant frequency 

of the trap. 

two minutes to insure a strong, tight seal. 
The disk is pushed out and the inner seam of the 
sheeting sealed. 
The trap is then placed in the plastic cylinder 

and the end disks marked where the antenna 
wires are to pass through. After drilling these 
holes, the disks are slipped over the leads, pressed 
into the ends of the cylinder and a small amount 
of solvent applied to the periphery to obtain a 
good seal. Some air can flow in and out of the trap 
through the antenna-wire holes, and this will 
prevent the accumulation of condensation. 

Length Adjustment 

Standing-wave ratios are not uniform through-
out the band or bands for which an antenna is 
designed. In a trap antenna, the choice of fre-
quencies for best performance is a compromise. 
After making the traps resonant at 14.1 Me., 
sections A are adjusted for resonance. Sections 

Ur WIRE OFF 

HEAL 

CUT ,WIRE OFri 
HERE 

./ 

TYPE 
STRAIN INSULATOR 

B are then adjusted for resonance at approxi-
mately 7.2 Mc. For the dimensions shown, with 
the antenna about 250 ft. above street level 
and 35 ft. above electrical ground, an s.w.r. of 
virtually 1 to 1 was obtained at 7.2 Mc., with 
maximums of 1.3 and 1.1 at 7.0 and 7.3 Me., re-
spectively. In the 20-meter band, the s.w.r. was 
also 1 to 1 at 14.1 Mc., 1.1 at 14.0 Me. and 1.3 at 
14.3 Mc. In the 10-meter band, the s.w.r. was 1.3 
to 1 at 28.0 Mc., 1.1 at 28.4 Mc., 1.5 at 29 Mc., 
and only 2.4 at the upper extreme of the band. 
The s.w.r. on 21 Mc. will be high because the 
antenna is not resonant in that band. 
PC-59/U 73-ohm coaxial cable forms the 

transmission line and is connected to the antenna 
through a Continental Electronics & Sound Co. 
"Dipole Dri-Fit Connector." After connecting 
the cable and antenna wires, the connector should 
be coated with several layers of insulating varnish 
to make certain that the junction is watertight. 

Vertical Antennas 
A vertical quarter-wavelength antenna is often 

used in the low-frequency amateur bands to ob-
tain low-angle radiation. It is also used when 
there isn't enough room for the supports for a 
horizontal antenna. For maximum effectiveness it 
should be located free of nearby objects and it 
should be operated in conjunction with a good 
ground system, but it is still worth trying where 
these ideal eonditions cannot be obtained. 

Four typical examples and suggested methods 
for feeding a veil ical antenna are shown in Fig. 
11-26. The antenna may be wire or tubing sup-
ported by wood or insulated guy wires. When 
tubing is used for the antenna, or when guy wires 
(broken up by insulators) are used to reinforce 
the structure, the length given by the formula is 
likely to be long by a few per cent. A check of 
the standing-wave ratio on the line will indicate 
the frequency at which the s.w.r. is minimum, 
and the antenna length can be adjusted accord-
ingly. 
A good ground connection is necessary for the 

most effective operation of a vertical antenna 
(other than the ground-plane type). In some 
cases a short connection to the cold-water system 
of the house will be adequate. But maximum 
performance usually demands a separate ground 
system. A single 4- to 6-foot ground rod driven 
into the earth at the base of the antenna is usu-
ally not sufficient, unless the soil has exceptional 
conductivity. A minimum ground system that 
can be depended upon is 6 to 12 quarter wave-
length radials laid out as the spokes of a wheel 
from the base of the antenna. These radials can 

be made of heavy aluminum wire, of the type 
used for grounding TV antennas, buried at least 
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- - - 

(D) 
Fig. 14-26—A quarter-wavelength antenna can be fed 
directly with 50-ohm coaxial line (A) with a low standing. 
wave ratio, or a coupling network can be used ( B) that will 
permit a line of any impedance to be used. In ( B), Li and 
C1 should resonate to the operating frequency, and Li 
should be larger than is normally used in o plate tank 
circuit at the same frequency. By using multiwire antennas, 
the quarter-wave vertical can be fed with (C) 150- or 

(D) 300-ohm line. 

367 



14 — ANTENNAS 
fi inclu.s in 1 he ground. This is normally done by 
slitting the earth with a spade and pushing the 
wire into the slot, after which t he earth can IN' 
tamped down. 
The examples shown in Fig. 11-26 all require an 

antenna insulated from the ground, to provide 
for the feed point. A grounded tower or pipe can 
be used as a radiator by employing "shunt feed," 
which consists of tapping the inner conductor of 
the coaxial-line feed up on the tower until the best 
match is obtained, in much the same manner as 
the "gamma match" (described later) is used on 
a horizontal element. If the antenna is not an 
electrical quarter wavelength long, it is necessary 
to tune out the reaetance by adding capacity or 
inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt-fed only 
if all of the wires and Ig.ads from the supported 
antenna run down the center of the tower and 
underground away from the tower. 

o THE GROUND-PLANE ANTENNA 
.1 gruund-pl, II, antenna is a vertical quarter-

wavelength antenna using an artificial metallic 
ground, usually consisting of four rods or wires 
perpendieidar to the antenna and extending radi-
ally from its liase. Unlike the quarter-wavelength 
vertical antennas without an artificial ground, 
the ground-plane antenna will give low-angle 
radiation regardless of the height above actual 
ground. However, to be a true ground-plane an-
tenna, the plane of the radials should be at least 
a quarter wavelength above ground. Despite this 
one limitation, the antenna is useful for DX work 
in any band below 30 Mc. 
The vertical portion of the ground-plane an-

tenna can be made of self-supported aluminum 
tubing. or a top-supported wire depending upon 
the necessary length and the available supports. 
The radials are also made of tubing or heavy wire 
depending upon the availalile supports and neces-
sary lengths. They need not be exactly sym-
metrical about the base of the vertical portion. 
The radiation resistance of a ground-plane an-

tenna varies with the diameter of t he vertical 
element. Since the radiation wsistaripe is usually 
in the vicinity of 30 to 32 ohms the antenna can 
be fed with 75-ohm coaxial line if a quarter wave-
length matching section of 50-ohm coaxial line is 
used bet ween the line and the antenna. ( See 
"Quarter-Wave Transformers" in this chapter.) 
For multiband operation. a ground-plane an-

tenna van Is. fed with tuned open-wire line, 

Three-Band Ground-Plane Antenna 

A three- band ground-plane antenna using wire 

elements awl fed with maxial line is shown in 
Fig. 14-27. The builder ( K5AVJ) elected to 
mount it on top of a 34-foot length of galvanized 
iron pipe, since a ground-plane antenna close tir 
the ground is not a ground-plane antenna at all. 
Four 17-foot "drooping radials" form the ground 
plane and double as guy wires. These four wires 
are fastened to a pipe flange at, the top of the 
mast. At one point on the mast the pipe sections 
are joined by a T fitting, which provides a con-
venient point for bringing out the RG-8/U feed 
line. If it is more convenient to bring out the coax 
at the base of the mast, one ean eliminate the T 
fitting and use an ordinary coupling. 
A cane fishing pole supports the three separate 

vertical elements. These elements, made of No. 12 
wire, are taped to t he pole every three inches with 
Scotch electrical tape. The bottom end of the pole 
is jammed tight into the upper end of the support 
pipe and the coaxial line is brought. out of the 
pipe through a small hole just below the bottom 
of the flange. The inner conductor of the coaxial 
line is soldered to the junction of the three verti-
cal elements and the braid of the coaxial line is 
connected to the pipe flange. Anyone worrying 
aboitt t he insulating ability of a cane pole can for-
get it; it is being used at a low-impedance point. 

83 

Fig. 14- 27—The three- band ground- plane antenna uses 

wire elements. Vertical elements are taped to a cane pole, 

the four radials also serve as guy wires. The radials 
"droop" a little, making a 40-degree angle with the 

supporting 1- inch pipe. 

Antennas for 160 Meters 

Results on 1.8 Mr. will depend to a large extent 
on the antenna system and the time of day or 
night. Almost any random long wire that can be 

tuned to resonance will work during the night but 
it will generally be found very ineffective during 
the day. A vertical antenna — or rather an an-
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tenna from which the radiation is predominantly 
vertically polarizol - is pr(d)alily t li best, for 
1.8-Me. operation. A horizontal antenna ( hori-
z)ntally-polarized radiation) will give I et ter re-
sults during 1 he night than the day. '1'lle vert 
tally-polarized radiator gives a strong ground 
wave that is effective day or night, and it is to be 
preferred on 1.8 Me. 
The low-angle radiation from a horizontal 

antenna or wavelength above ground is 
almost insignificant. Any reasonable height is 
small in terms of wavelength, so that a hori-
zontal antenna on 160 meters is a poor radiator 
at angles useful for long distances (" long," that 
is, for this band). Its chief usefulness is over 
relatively short distances at night. 

Bent Antennas 

Since ideal vertical antennas are generally 
out of the question for practical amateur 
work, the best compromise is to bend the 
antenna in such a way that the high-current 
portions of the antenna run vertieally. It is 
advisable to place the antenna so that the highest. 
currents in the antenna occur at the highest, 
points above actual ground. Two antenna sys-
tems designed along these lines are shown in 
Fig. 14-28. The antenna of Fig. 14-28B uses a 
full half wavelength of wire but is bent so that 
the high-current portion runs vertically. The 
horizontal portion running to Lei should run 
8 or 10 feet above ground. 

Grounds 

A good ground connection is generally im-
portant on 160 meters. The ideal system is a 
number of wire radials buried a foot or two 
underground and extending 50 to 100 feet from 
the central connection point. The use of any less 
than six or eight radials is inadvisable. 

If the soil is good (not rocky or sandy) and 
generally moist, a low-resistance connection to 
the cold-water pipe system in the house will 
often serve as an adequate ground system. The 
connection should be made close to where the 
pipe enters the ground, and the surface of the 
pipe should be scraped clean before tightening 
the ground clamp around the pipe. 

A 6- or 8-foot length of 1-inch water pipe, 
driven into the soil at a point where there is 
considerable naturn1 moisture, can be used for 
the ground connect ion. Three or four pipes driven 
into the ground 8 or 10 feet apart and all joined 
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Fig. 14-28—Bent antenna for the 160-meter band. In 
the system at A, the vertical portion (length X) should be 
made as long as possible. In either antenna system, LiCt 
should resonate at 1900 kc., roughly. To adjust L2 in an-
tenna A, resonate LICI alone to the operating frequency, 
then connect it to the antenna system and adjust L2 for 
maximum loading. Further loading can be obtained by 

increasing the coupling between Id and the link. 

together at the top with heavy wire are more 
effective than the single pipe. 
The use of a counterpoise is recommended 

where a buried system is not practicable or where 
a pipe ground cannot be made to have low 
resistance because of poor soil conditions. A 
counterpoise consists of a number of wires sup-
ported from 6 to 10 feet above the surface of the 
ground. Generally the wires are spaced 10 to 15 
feet apart and located to form a square or poly-
gonal configuration under the vertical portion 
of the antenna. 

Long-Wire Directive Arrays 

As the length (in wavelengths) of ail :III I (*Una 
is increased, the lobes of maximum no liation 
make a more acute angle with the wire. Two long 
wires can be combined its the form of a horizontal 
"V", in the form of a horizontal rhombus, or in 
parallel, to provide a long-wire directive array. 
In the " V" and rhombic antennas the main lobes 
reinforce along a line bisecting the acute angle 
between the wires; in the parallel antenna the 
reinforcement is along the line of the lobe. This 
reinforcement, provides both gain and directivity 
along the line, since the lobes in other directions 
tend to cancel out. In general, the power gain 

depends upon the length in wavelengths of the 
wires, assuming that the proper configuration for 
a given length and height above ground is used. 
Rhombic and "V" antennas are normally bi-

directional along the bisector line mentioned 
above. They can be made unidirectional by ter-
minating the ends of the wires away from the 
feed point in the proper value of resistance. 
When properly terminated, " V" and rhombic 
antennas of sufficient length work well over a 
three-to-one or four-to-one frequency range and 
hence are useful for multiband operation. 
Antenna gains of the order of 10 to 15 db. can 
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be obtained with properly-constructed long-wire 
arrays. However, the pattern is rather sharp 
with gains of titis order, and rhombic and " V" 
beams are not used by amateurs as commonly as 

they were, having been displaced by the rotatable 
multi-element Yagi beam. Further information 
on these antennas can be found in The AIM, 
ntenna Book. 

Beams with Driven Elements 

By combining individual half-wave antennas 
into an array with suitable spap ing between the 
antennas (caned elements) and feeding power to 
them simultaneously, it is possiblu to make the 
radiation from the elements add up along a single 
direction and form a beam. In other direct ions the 
radiation tends to cancel, so a power gain is ob-
tained in one direction at the expense of radiation 
in other directions. There are several methods of 
arranging the elements. If they are strung end to 
end, so that all lie on the same straight line, the 
elements are said to be collinear. If they are 
parallel and all lying in the same plane, the ele-
ments are said to be broad-side when the plaise 
of the current is the saute in all, and end-fire 
when the currents are not in phase. 

Collinear Arrays 

Simple forms of tullir ear arrays, with the 
current distribution, are shown in Fig. 14-29. 

OPEN-WIRE 
LINE 

ANY LENGTH 

OPEN-WIRE 
- LINE 
ANY LENGTH 

The two-element array at A is popularly known 
as "two half-waves in phase" or a double Zepp 
antenna. It will be recognized as simply a center-
f14.1 dipole operated : it its second harmonic. 

liy extending the antenna, as at B, the addi-
tional gain of an extended double Zepp antenna 
can be obtained. Carrying the length beyond that 
shown will result in an "X"-shaped pattern that 
no longer has the maximum radiation at right 
angles to the wire. 

Fig. 14-30—Simple broadside array 
using horizontal elements. By making 
the spacing S equal to % wavelength, 
the antenna at A can be used at the 
corresponding frequency and up to 
twice that frequency. Thus when de-
signed for 14 Mc. it can also be used 
on 21 and 28 Mc. The antenna at B 
can be used on only the design band. 
This array is bidirectional, with maxi-
mum radiation "broadside" or per-
pendicular to the antenna plane ( per-
pendicularly through this page). Gain 
varies with the spacing S, running from 
21/2  to almost 5 db. (See Fig. 14-32). 

Collinear arrays may be mounted either hori-
zontally or vertically. Horizontal mounting gives 
increased horizontal directivity, while the vertical 
directivity remains the same as for a single ele-
ment, at the same height. Vertical mounting gives 
the same horizontal pattern as a single element, 
but concentrates the radiation at low angles. 

Broadside Arrays 

Parallel antenna elements with currents in 
phase may be combined as shown in Fig. 14-30 
to form a broadside array, so named because 
the direction of maximum radiation is broadside 
to the plane containing the antennas. Again the 
gain and directivity depend upon the spacing of 
the elements. 

Broadside arrays may be suspended either with 
the elements all vertical or with them horizontal 
and one above the other (stacked). In the former 
case the horizontal pattern becomes quite sharp, 

Fig. 14-29—Collinear antennas in 
phase. The system at A is known as 
"two half waves in phase" and has a 
gain of 1.8 db. over a half-wave an-
tenna. By lengthening the antenna 
slightly, as in B, the gain can be in-
creased to 3 db. Maximum radiation 
is at right angles to the antenna. The 
antenna at A is sometimes called a 
"double Zepp" antenna, and that at B 
is known as an "extended double 

Zepp." 

while the vertical patterns is the same as that of 
one element alone. If the allay is suspended 
horizontally, the horizontal pattern is equivalent, 
to that of one element while the vertical pattern 
is sharpened, giving low-angle radiation. 

Broadside arrays may be fed either by tuned 
open-wire lines or through quarter-wave match-
ing sections and flat lines. In Fig. 14-30B, note 
the "crossing over" of the phasing section, which 
is necessary to bring the elements into proper 
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Fig. 14-31—Top view of a horizontal end- fire array. The 
system is fed with an open-wire line at x and y; the line 
can be of any length. Feed points x and y are equidistant 
from the two insulators, and the feed line should drop 
down vertically from the antenna. The gain of the system 
will vary with the spacing, as shown in Fig. 14-32, and is 
a maximum at 'At wavelength. By using a length of 33 feet 
and a spacing of 8 feet, the antenna will work on 20, 15 

and 10 meters. 

phase rebut ionship. 

End-Fire Arrays 

Fig. 14-31 shows a pair of parallel half-wave 
elements with currents out of phase. This is 
known as an end-fire array because it radiates 
best along the plane of the antennas, as shown. 
The end-fire array may be used either ver-

tically or horizontally ( elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 14-32 shows how the 
gain varies with spacing. End-fire elements may 
be combined with additional collinear and broad-
side elements to give a further increase in gain 
and directivity. 

Either tuned or untuned lines may be used with 
this t ype of array. Untuned lines preferably are 
m11 ( lied to the antenna through a quarter-wave 
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Fig. 14-32—Gain vs. spacing for two parallel half-wave 
elements combined as either broadside or end-fire arrays. 

matching section or phasing stub. 

Combined Arrays 

Broadside, collinear and end-fire arrays may be 
combined to give both horizontal and vertical 
directivity, as well as additional gain. The lower 
angle of radiation resulting from stacking ele-
ments in the vertical plane is desirable at the 
higher frequencies. In general, doubling the num-
ber of elements in an array by stacking will raise 
the gain from 2 to 4 db. 

Although arrays call be fed at one end as in 
Fig. 14-30B, it is not especially desirable in the 
case of large arrays. Better distribution of energy 
between elements, and hence better over-all per-
formance will result when the feeders are at-
tached as nearly as possible to the center of the 
array. 
A four-element array, known as the "lazy-H" 

antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated, in Fig. 14-33. ( Compare with Fig. 14-30B). 
For best results, the bottom section should be at 
least a half wavelength above ground. 

X 3. 

it 
7 

feed 

Fig. 14-33—A four-element combination broadside-
collinear array, popularly known as the "lazy-H" antenna. 
A closed quarter-wave stub may be used at the feed 
point to match into an untuned transmission line, or tuned 
feeders may be attached at the point indicated. The gain 

over a half-wave antenna is 5 to 6 db. 

It will usually suffice to make the length of each 
element that given by Equations 14-B or 14-C. 
The phasing line between t he parallel elements 
should be of open-wire construction, and its 
length can be calculated from: 

Length of half-wave line (feet) = 

480 
(14-H) 

Freq. (Mc.) 
Example: A half-wavelength e pleasing line for 

28.8 Me 8.8 . would be - = 16.66 feet = 16 feet 2480  
8 imhen. 

The spacing between elements can be made equal 
to the length of the phasing line. No special ad-
justments of line or element length or spacing are 

provided the formulas are followed 

Directive Arrays with Parasitic Elements 

Parasitic Excitation 

The antenna arrays previously described are 
bidirectional; that is, they will radiate in direc-
tions both to the "front" and to the "back" of 
the antenna system. If radiation is wanted in 

only one direction, it is necessary to use different 
element arrangements. In most of these arrange-
ments the additional elements receive power by 
induction or radiation from the driven element 
generally called the "antenna," and reradiate it 
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Fig. 14-34—Gain vs. element spacing for an antenna and 
one parasitic element. The reference point, 0 db., is the 
field strength from a half-wave antenna alone. The great-
est gain is in direction A at spacings of less than 0.14 
wavelength, and in direction 8 at greater spacings. The 
front-to-back ratio is the difference in db. between curves 
A and B. Variation in radiation resistance of the driven 
element also is shown. These curves are for a self resonant 
parasitic element. At most spacings the gain as a reflector 
can be increased by slight lengthening of the parasitic 
element: the gain as a director can be increased by 

shortening. This also improves the front-to-back ratio. 

in the proper phase relationship to achieve the 
desired effect. These elements are called parasitic 
elements, as contrasted to the driven elements 
which receive power directly from the transmitter 
through the transmission line. 
The parasitic element is called a director when 

it, reinforces radiation on a line pointing to it 
from the antenna, and a reflector when the re-
verse is the case. Whether the parasitic element 
is a director or reflector depends upon the para-
sitic-element tuning, which usually is adjusted by 
changing its length. 

Gain vs. Spacing 
The gain of an antenna with parasitic elements 

varies with the spacing and tuning of the ele-
ments and thus for any given spacing there is a 
tuning condition that will give maximum gain at 
this spacing. The maximum front-to-back ratio 
seldom if ever, occurs at the same condition that 
gives maximum forward gain. The impedance of 
the driven element also varies with the tuning 
and spacing, and thus the antenna system must 
be tuned to its final condition before the match 
between the line and the antenna can be com-
pleted. However, the tuning and matching may 
interlock to some extent, and it is usually neces-
sary to run through the adjustments several times 
to insure that the best possible tuning has been 
obtained. 

Two- Element Beams 

A 2-element beam is useful where space or 
other considerations prevent the use of the 
larger structure required for a 3-element beam. 
The general practice is to tune the parasitic ele-
ment as a reflector and space it about 0.15 wave-

length from the driven element, although some 
successful antennas have been built with 0.1-
wavelength spacing and director tuning. Gain is. 
element spacing for a 2-element antenna is given 
in Fig. 14-34, for the special case Where the para-
sitic element is resonant. It is indicative of the 
performance to be expected under maximum-
gain tuning conditions. 

Three-Element Beams 

Where room is available for an over-all length 
greater than 0.2 wavelength, a 3-element beam is 
preferable to one with only 2 elements. Once the 
over-all length has been decided upon, the curves 
of Fig. 14-35 can be used to determine the proper 
spacing of director and reflector. If, for example, 
the distance between director and reflector can be 
made 0.4 wavelength, Fig. 14-35 shows that a 
spacing of 0.15D-0.25R gives a gain of 7.8 db., 
and a spacing of 0.25D-0.15R gives a gain of 8.2 
db. Obviously the latter is the better choice, al-
though the practical difference might be difficult 
to measure, and pract ical (mechanical) considera-
tions might call for using the more balanced 
0.2D-0.2R construction and a gain of 8.1 db. 
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Fig. 14-35—Gain vs. element spacing for 3-element 
beams using a driven element and a director and a re-
flector. The 0-db. reference level is the field strength from 
a half-wavelength antenna alone. These curves are for 
the system tuned for maximum forward gain. 

The element spacing shown is the fraction of wave-

984 
length determined by f-c-.1. Thus a wavelength at 14.2 

Mc. = 984 14.2 = 69.3 feet. A spacing of 0.15 wave-
length at 14.2 Mc. would be 0.15 X 69.3 = 10.4 feet = 
10 feet 5 inches. 

.s 

When the over-all length has been decided 
upon, and the element spacing has been deter-
mined, the element lengths can be found by re-
ferring to Fig. 14-36. It must be remembered that 
the lengths determined by these charts will vary 
slightly in actual practice with the element 
diameter and the method of supporting the ele-
ments, and the tuning of a beam should always 
be checked after installation. However, the 
lengths obtained by the use of the charts will be 
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close to correct in practically all cases, and they 
can be used without checking if the beam is 
difficult of access. 
The preferable method for checking the beam 

is by means of a field-strength meter or the 
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Fig. 14-36—Element lengths for a 3-element beam. 
These lengths will hold closely for tubirg elements sup-
ported at or near the center. The radiation resistance 

(D) is useful information in planning for a matching system, 
but it is subject to variation with height above ground 
and must be considered on approximation. 

The driven-element length (C) may require modifica-
tion for tuning out reactance if a T- or gamma-match 
feed system is used, as mentioned in the text. 
A 0.2D-0.2R beam cut for 28.6 Mc. would have a 

director length of 452 28.6 = 15.8 = 15 feet 10 inches, 
a reflector length of 49028.6 = 17.1 = 17 feet 1 inch, 
and a driven-element length of 470.5, 28.6 -= 16.45 = 
16 feet 5 inches. 

S-meter of a communications receiver, used in 
conjunction with a dipole antenna located at 
least 10 wavelengths away and as high as or 
higher than the beam that is being checked. 
A few watts of power fed into the antenna will 
give a useful signal at the observation point, and 
the power input to the transmitter (and hence the 
antenna) should be held constant for all of the 
readings. Beams tuned on the ground and then 
lifted into place are subject to tuning errors and 
cannot be depended upon. The impedance of the 
driven element will vary with the height above 
ground, and good prao ice dictates that all final 
matching between antenna and line be done with 
the antenna in place at its normal height above 
ground. 

Simple Systems: the Rotary Beam 

Two- and 3-element systems are popular for. 
rotary-beam antennas, where the entire antenna 
system is rotated, to permit its gain and direc-
tivity to be utilized for any compass direction. 
They may be mounted either horizontally 
(with the plane containing the elements paral-
lel to the earth) or vertically. 
A 4-element beam will give still more gain 

than a 3-element one, provided the support is. 
sufficient for about 0.2 wavelength spacing be-
tween elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 
The elements in close-spaced (less than one-

quarter wavelength element spacing) arrays 
preferably should be made of tubing of one-
half to one-inch diameter. A conductor of 
large diameter not only has less ohmic re-
sistance but also has lower Q; both these 
factors are important in close-spaced arrays 
because the impedance of the driven element 
usually is quite low compared to that of a 
simple dipole antenna. With 3- and 4-element 
close-spaced arrays the radiation resistance of the 
driven element may be so low that ohmic losses 
in the conductor can consume an appreciable 
fraction of the power. 

Feeding the Rotary Beam 

Any of the usual methods of feed (described 
later under "Matching the Antenna to the Line") 
can be applied to the driven element of a rotary 
beam. Tuned feeders are not recommended for 
lengths greater than a half wavelength unless 
open lines of copper-tubing conductors are used. 
The popular choices for feeding a beam are the 
gamma match with series capacitor and the T 
match with series capacitors and a half-wave-
length phasing section, as shown in Fig. 14-37. 
These methods are preferred over any others 
because they permit adjustment of the matching 
and the use of coaxial line feed. The variable 
capacitors can be housed in small plastic cups 
for weatherproofing; receiving types with close 
spacing vats be used at powers up to a few hun-
dred watts. Maximum rapacity required is usu-
ally 140 oof. at 14 Me. and proportionately less 
at the higher frequencies. 
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CENTER OF 
DRIVEN ELEMENT 

(AI 

Fig. 14-37—The most popular methods of feeding the 
driven element of a beam antenna are (A) the gamma 
match and ( B) the T match. The aluminum tubing or rod 
used for the matching section is usually of smaller diameter 
than the antenna element; its length will vary somewhat 
with the spacing and number of elements in the beam. 
The coaxial line in the phasing section can be coiled in a 
2- or 3-foot diameter coil instead of hanging as shown. 

If physically possible, it is better to adjust the 
matching device after the antenna has been in-
stalled at its ultimate height, since a match 
made with the antenna near the ground inay 
not hold for the same antenna in the air. 

Sharpness of Resonance 

Peak performance of a multielement para-
sitic array depends upon proper phasing or 
tuning of the elements, which can be exact for 
one frequency only. In the case of close-spaced 
arrays, which because of the low radiation 
resistance usually are quite sharp-tuning, the 
frequency range over which optimum results 
can be secured is only of the order of 1 or 2 
per cent of the resonant frequency, or up to 
about 500 ke. at 28 Mc. However, the antenna 
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can be made to work satisfactorily over a 
wider frequency range by adjusting the direc-
tor or directors to give maximum gain at the 
highest frequency to be covered, and by ad-
justing the reflector to give optimum gain at 
the lowest frequency. This sacrifices some gain 
at all frequencies, but maintains more uniform 
gain over a wider frequency range. 
The use of large-diameter conductors will 

broaden the response curve of an array be-
cause the larger diameter lowers the Q. This 
causes the reactances of the elements to change 
rather slowly with frequency, with the result 
that the tuning stays near the optimum over 
a considerably wider frequency range than is 
the case with wire conductors. 

Combination Arrays 

It is possible to combine parasitic elements 
with driven elements to form arrays composed 
of collinear driven and parasitic elements and 
combination broadside-collinear-parasitie ele-
ments. Thus two or more collinear ilf.iiietits 
might be provided with a collinear reflector or 
director set, one parasitic element to each driven 
element,. Or both directors and reflectors might 
be used. A broadside-collinear array can be 
treated in the same fashion. 

The Quad Antenna 

The "cubical quad" antenna shown in Fig. 
14-38 uses a square loop driven element and a 
square loop parasitic reflector. The spacing is 
usually between . 15 and . 20 wavelength and it is 
not critical, since the reflector element is tuned 
for maximum gain after installation. 
Quad antennas are popular because they are 

lightweight and have low wind resistance. Their 
gain has been measured at 8 db. or more. A 14-
Mc. quad will have approximately a 17-foot 
"wing span" and a boom length of about 12 feet, 
and it can be built light enough to be turned by 
a good TV rotator. Suggestions for the construc-
tion of a quad antenna are given in Fig. 14-39. 
The design was intended to be as light as possible 
and while the antenna will whip some in the wind, 
this should not cause any noticeable change in 

Reflector 

All siíes 
,j nervelenyth—. 

(B) 

Fig. 14-38—Two dif-
ferent arrangements of 
cubical quad antennas. 



Quad Antenna 

Fig. 14-39--End and ide views of a quad. Upper insert shows method of fastening antenna wire to support arms. Center 
insert shows construction of support-arm mounting bracket. Lower insert shows method of attaching feed line and stub 
to the center insulators. Two small egg insulators are used, fastened to end of lower boom as shown with a small nail. 

The length of one side is found from L (feet) = 
(Mc.) 
251 

loading or on received signals. There is nothing 
critical in the construction except the length of 
the wire elements. One quad used 1 X 2-inch pille 
for the support arms but this beam was much 
too heavy and blew down in the first light wind. 
The support arms shown in the drawing are ordi-
nary bamboo fishing poles about 16 feet long, 
with the butt ends wrapped with friction tape to 
prevent the metal mounting bracket and wire 
from biting into the bamboo. These arms are 
fastened to the mounting brackets with several 
t urns of No. 14 galvanized wire, and the far ends 
are not trimmed until the antenna wire has been 
fastened in place. Two mounting brackets and 
eight bamboo support arms are required. The 
mounting brackets serve to hold the arms in 
place and to fasten them to the end of the boom. 
These brackets are made by welding two 24-inch 
lengths of 1-inch angle iron together back to back 
to form a large "X" 90 degrees between legs, and 
welding a 5-inch length of 1 -inch strap iron 
between two of the legs to fasten the "X" to the 
boom end. The arms are assembled and the an-
tenna wire is fastened ill place before attaching 
the brackets to the boom. 

If the fishing poles are well treated with a 
weatherproofing compound they will last several 
years. Weatherproofing compounds are available 
at all lumber dealers. Get straight poles with no 
splits in them. No insulators are necessary, the 
poles themselves acting as long insulators. The 

Fig. 14-40—A 15 10-meter quad. Tuning stubs for the 
reflectors are looped back along the tie bars. Total weight 
of this assembly, not including the mast, is 13 pounds. 

easiest way to mount the antenna wire on the 
arms is to lay a long length of wire on the ground 
and mark it at the approximate quarter-wave 
intervals, and use these marks to indicate where 
the wire fastens to the pole. 
Dual and triple quads can be built for the bands 

20 through 10 meters. One such antenna is shown 
in Fig. 14-40, a dual quad for 15 and 10 meters. 
The same supporting structure is used for the two 
antennas, making the boom length equal to 0.15 
to 0.2 wavelengths at the lower-frequency band. 
Separate coaxial cable feed lines are brought 
down from the two driven elements. In a two-
band quad (20/15 or 15/10) the length of one side 
is obtained from 

L (feet) = 250 ÷ ( Mc.) 
In the case of any quad or combination of 
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quads, each quad should he t lined up separately 
for maximum forward gain 1)y at the stub 
length on the reflector element and checking the 
field strength with a nearby ham. If accessible, 
the reflector element can be resonated with a 
grid-dip meter to a frequency just below the 
lowest to be used; this is a good starting place for 
further adjustment. The resonance of the antenna 

system can be ch, LI he finding Ow frequency 
that gives the low»-i r. on the feed line; this 
lowest s.w.r. is not necessarily 1.0. If the resonant 
frequency is higher than the desired frequency, 
lengthen the driven element; shorten the element 
if the resonant frequency is too low. In the dual 
antennas that have been constructed, there has 
been little or no evidence of interaction of tuning. 

Matching the Antenna to the Line 
The load for a transmission line may be any 

device capable of dissipating r.f. power. When 
lines are used for transmitting applications the 
most common type of load is an antenna. When 
a transmission line is connected between an 
antenna and a receiver, the receiver input circuit 
(not the antenna) is the load, because the power 
taken from a passing wave is delivered to the 
receiver. 
Whatever the application, the conditions exist-

ing at the load, and only the load, determine the 
standing-wave ratio on the line. If the load is 
purely resistive and equal in value to the charac-
teristic impedance of the line, there will be no 
standing waves. If the load is not purely resistive, 
and/or is not equal to the line Zo, there will be 
standing waves. No adjustments that can be 
made at the input end of the line can change the 
s.w.r., nor is it affected by changing the line 
length. 
Only in a few special cases is the load inherently 

of the proper value to match a practicable trans-
mission line. In all other cases it is necessary 
either to operate with a mismatch and accept the 
s.w.r. that results, or else to take steps to bring 
about a proper match between the line and load 
by means of transformers or similar devices. 
Impedance-matching transformers may take a 
variety of physical forms, depending on the cir-
cumstances. 
Note that it is essential, if the s.w.r, is to be 

made as low as possible, that the load at the point 
of connection to the transmission line be purely 
resistive. In general, this requires that the load 
be tuned to resonance. If the load itself is not 
resonant at the operating frequency the tuning 
sometimes can be accomplished in the matching 
system. 

• THE ANTENNA AS A LOAD 
Every antenna system, no matter what its 

physical form, will have a definite value of im-
pedance at the point where the line is to be con-
nected. The problem is to transform this antenna 
input impedance to the proper value to match 
the line. In this respect there is no one "best" 
type of line for a particular antenna system, be-
cause it is possible to transform impedances in 
any desired ratio. Consequently, any type of line 
may be used with any type of antenna. There are 
frequently reasons other than impedance match-
ing that dictate the use of one type of line in 
preference to another, such as ease of installation, 
inherent loss in the line, and so on, but these are 
not considered in this section. 

Although the input impedance of an antenna 
system is seldom known very accurately, it is 
often possible to make a reasonably close esti-
mate of its value. The information earlier in this 
chapter can be used as a guide. 

Matching circuits may be constructed using 
ordinary coils and capacitors, but are not used 
very extensively because they must be supported 
at the antenna and must be weatherproofed. The 
systems to be described use linear transformers. 

The Quarter- Wave Transformer or 
"Q" Section 

As described earlier in this chapter, a quarter-
wave transmission line may be used as an im-
pedance transformer. Knowing the antenna im-
pedance and the characteristic impedance of the 

Antenna 

Fig. 14-41—"Q" matching section, a quarter-wave im-
pedance transformer. 

transmission line to be matched, the required 
characteristic impedance of a matching section 
such as is shown in Fig. 13-13 is 

Z =- VZIZo (144) 

where Z1 is the antenna impedance and Zo is 
the characteristic impedance of the line to which 
it is to be matched. 

Example: To match a 600-ohm line to an an-
tenna presenting a 72-ohm load, the quarter-
wave matching section would require a charac-

teristic impedance of V72 X 600 = %/43 ,200 
= 208 ohms. 

The spacings between conductors of various sizes 
of tubing and wire for different surge impedances 
are given in graphical form in the chapter on 
"Transmission Lines." ( With 1 -inch tubing, 
the spacing in the example above should be 1.5 
inches for an impedance of 208 ohms.) 
The length of the quarter-wave matching sec-

tion may be calculated from 

246V 
Length (feet) = (14—D 

where V -= Velocity factor 
f = Frequency in Mc. 

Example: A quarter-wave transformer of RC-11/U 
to be used at 28.7 Mc. From the table in Chapter 
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Thirteen, V 0.68. 

Len th 246 X 0.66 5.67 feet 
28.7 

5 feet 8 inches 

The antenna must be resonant at the operating 
frequency. Setting the antenna length by formula 
is amply accurate with single-wire antennas, but 
in other systems, particularly close-spaced arrays, 
the antenna should be adjusted to resonance be-
fore the matching section is connected. 
When the antenna input impedance is not 

known accurately, it is advisable to construct the 
matching section so that the spacing between 
conductors can be changed. The spacing then 
may be adjusted to give the lowest possible s.w.r. 
on the transmission line. 

Folded Dipoles 

A half-wave antenna element can be made 
to match various line impedances if it is split 
into two or more parallel conductors with the 
transmission line attached at the center of 
only one of t hem. Various forms of such "folded 
dipoles'' are shown in Fig. 14-42. Currents in all 
conductors are in phase in a folded dipole, and 
since the conductor spacing is small the folded 
dipole is equivalent in radiating properties to an 
ordinary single-conductor dipole. However, the 
current flowing into the input terminals of the 
antenna from the line is the current in one conduc-
tor only, and the entire power from the line is 
delivered at this value of current. This is equiva-
lent to saying that the input impedance of the 
antenna has been raised by splitting it up into 
two or rnore conductors. 

--2-

(A) e 

031 

(C) [ Line 

Fig. 14-42—The folded dipole, a method for using the 
antenna element itself to provide an impedance trans-

formation. 

The ratio by which the input impedance of the 
antenna is stepped up depends not only on the 
number of conductors in the folded dipole but 
also on their relative diameters, since the distribu-
t ion of current between conductors is a function of 
their diameters. (When one conductor is larger 

to 
9 
8 .9 

6 

5 

4 

3 

2 

LS 

TT 10 
.0. 09 

08 
0.7 

06 

05 

04 

03 

02  

0.1  1 
1.5 2 

ir 
Feed Po.nt 
I I 

e 

I I  
4 5 
Sic12 

7.5 10 12,5 15 20 

Fig. 14-43—Impedance transformation ratio, two-conduc-
tor folded dipole. The dimensions ch, d2 and s are shown 
on the inset drawing. Curves show the ratio of the imped-
ance (resistive) seen by the transmission line to the radia-

tion resistance of the resonant antenna system. 

than the other, as in Fig. 14-42C, the larger one 
carries the greater current.) The ratio also de-
pends, in general, on the spacing between the 
conductors, as shown by the graphs of Figs. 
14-43 and 11-44. An important special case is 
the 2-conductor dipole with conductors of equal 
diameter; as a simple antenna, not a part of a 
directive array, it has an input resistance close 
enough to 300 ohms to afford a good match to 
300-ohm Twin-Lead. 
The required ratio of conductor diameters to 

give a desired impedance ratio using two con-
ductors may be obtained from Fig. 14-43. Similar 
information for a 3-conductor dipole is given 
in Fig. 14-44. This graph applies where all three 
conductors are in the same plane. The two con-
ductors not connected to the transmission line 
must be equally spaced from the fed conductor, 
and must have equal diameters. The fed conduc-
tor may have a different diameter, however. The 
unequal-conductor method has been found par-
ticularly useful in matching to low-impedance 
antennas such as directive arrays using close-
spaced parasitic elements. 
The length of the antenna element should be 

such as to be approximately self-resonant at the 
median operating frequency. The length is usually 
not highly critical, because a folded dipole tends 
to have the characteristics of a " thick" antenna 
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and thus has a relatively broad frequency-re-
sponse curve. 
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Fig. 14-44—Impedance transformation ratio, three-con-
ductor folded dipole. The dimensions dt, d2 and s ore 
shown on the inset drawing. Curves show the ratio of the 
impedance (resistive) seen by the transmission line to the 

radiation resistance of the resonant antenna system. 

"T" and "Gamma" Matching Sections 

The method of matching shown in Fig. 
14-45A is based on the fact that the impedance 
between any two points along a resonant antenna 
is resistive, and has a value which depends on the 
spacing between the two points. It is therefore 
possible to choose a pair of points between which 
the impedance will have the right value to match 
a transmission line. In practice, the line cannot 
be connect e( ( Wee t ly at these points because the 
distance between them is much greater than the 
conductor spacing of a practicable transmission 
line. Thp "r" arrangement in Fig. 14-45A over-
comes this difficulty by using a second conductor 
paralleling the antenna to form a matching section 

(A) 
Line 

Y 

I 

 1 

(B) Line 

Fig. 14-45— The "T" match and -gamma match. 

to which the line may be connected. 
The "T" is particularly suited to use with a 

parallel-conductor line, in which case the two 
points along the antenna should be equidistant 
from the center so that electrical balance is main-
tained. 
The operation of this system is somewhat com-

plex. Each "T" conductor (y in the drawing) 
forms with the antenna conductor opposite it a 
short section of transmission line. Each of these 
transmission-line sections can be considered to be 
terminated in the impedance that exists at the 
point of connection to the antenna. Thus the part 
of the antenna between the two points carries a 
transmission-line current in addition to the nor-
mal antenna current. The two transmission-line 
matching sections are in series, as seen by the 
main transmission line. 

If the antenna by itself is resonant at the op-
erating frequency its impedance will be purely 
i•esistive, and in such case the matching-section 
lines are terminated in a resistive load. However, 
since these sections are shorter than a quarter 
wavelength their input impedance — i.e., the im-
pedance seen by the main transmission line look-
ing into the matching-section terminals — will 
be reactive as well as resistive. This prevents a 
perfect match to the main transmission line, since 
its load must be a pure resistance for perfect 
matching. The reactive component of the input 
impedance must be tuned out before a proper 
match can be secured. 
One way to do this is to (Lamle the antenna just 

enough, by changing its length, to cause reactance 
of the opposite kind to be reflected to the input 
terminals of the matching section, thus cancelling 
the reactance introduced by the latter. Another 
method, which is considerably easier to adjust, is 
to insert a variable capacitor in series with the 
matching section where it connects to the trans-
mission line, as shown in Fig. 14-37. The capaci-
tor must be protected from the weather. 
The method of adjustment commonly used is 

to cut the antenna for approximate resonance and 
then make the spacing x some value that is con-
venient constructionally. The distance y is then 
adjusted, while maintaining symmetry with 
respect to the center, until the s.w.r. on the trans-
mission line is as low as possible. If the s.w.r. is 
not below 2 to 1 after this adjustment, the an-
tenna length should be changed slightly and the 
matching-section taps adjusted again. This proc-
ess may be continued until the s.w.r. is as close 
to 1 to 1 as possible. 
When the series-capacitor method of reactance 

compensation is used (Fig. 14-37) the antenna 
should be the proper length to be resonant at the 
operating frequency. Trial positions of the match-
ing-section taps are taken, each time adjusting 
the capacitor for minimum s.w.r., until the 
standing waves on the transmission line are 
brought down to the lOwest possible value. 
The unbalanced ("gamma") arrangement in 

Fig. 14-45B is similar in principle to the "T," but 
is adapted for use with single coax line. The 
method of adjustment is the same. 
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• BALANCING DEVICES 
An antenna with open ends, of which the half-

wave type is an example, is inherently a balanced 
radiator. When opened at the center and fed with 
a. parallel-conductor line this balance is main-
tained throughout the system, so long as the 
causes of unbalance discussed in the transmission-
line chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, as indicated in Fig. 14-46A, this bal-
ance is upset because one side of the radiator is 
connected to the shield while the other is con-
nected to the inner conductor. On the side con-
nected to the shield, a current can flow down over 
the outside of the coaxial line, and the fields thus 
set up cannot be canceled by the fields from the 
inner conductor because the fields inside the line 
cannot escape through the shielding afforded by 
the outer conductor. Hence these " antenna" cur-
rents flowing on the outside of the line will be 
responsible for radiation. 

Linear Balzans 

Line radiation can be prevented by a number of 
devices whose purpose is to detune or decouple the 
line for "antenna" currents and thus greatly re-
duce their amplitude. Such devices generally. are 
known as baluns (a contraction for "balanced to 
unbalanced"). Fig. 14-4613 shows one such ar-
rangement, known as a bazooka, which uses a 
sleeve over the transmission line to form, with 
the outside of the outer line conductor, a shorted 
quarter-wave line section. As described earlier in 
this chapter, the impedance looking into the open 
end of such a section is very high, so that the end 
of the outer conductor of the coaxial line is effec-
tively insulated front the part of the line below 
the sleeve. The length is an electrical quarter 
wave, and may be physically shorter if the insula-
tion between the sleeve and the line is other than 
air. The bazooka has no effect on the impedance 
relationships between the antenna and the coaxial 
line. 

Another method that gives an equivalent ef-
fect is shown at C. Since the voltages at the an-
tenna terminals are equal and opposite (with 
reference to ground), equal and opposite currents 
flow on the surfaces of the line and second con-
ductor. Beyond the shorting point, in the direc-
tion of the transmitter, these currents combine to 
cancel out. The balancing section " looks like" an 
open circuit to the antenna, since it is a quarter-
wave parallel-conductor line shorted at the far 
end, and thus has no effect on the normal antenna 
operation. However, this is not essential to the 
line-balancing function of the device, and baluns 
of this type are sometimes made shorter than a 
quarter wavelength in order to provide the shunt 
inductive reactance required in certain types of 
matching systems. 

Fig. 14-46D shows a third balun, in which equal 
and opposite voltages, balanced to ground, are 
taken from the inner conductors of the main 
transmission line and half-wave phasing section. 
Since the voltages at the balanced end are in series 
while the voltages at the unbalanced end are in 

Coaxial 
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(A) 

(8) 

Metal 
Sleeve 

Shorted to 
Coax Outer 
Conductor 

Here 

Coaxial 
Line 

(C) 

(D) 

( 2) 
4 
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o   

Coaxial 
Line — 

X 

Shor i ed 
Together 

 o 

Z2 
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Fig. 14-46— Radiator with coaxial feed (A) and methods 
of preventing unbalance currents from flowing on the out-
side of the transmission line ( B and C). The half-wave 
phasing section shown at D is used for coupling between 

an unbalanced and a balanced circuit when a 4-to- 1 
impedance ratio is desired or can be accepted. 
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parallel, there is a 4-to-1 step-down in impedance 
from the balanced to the unbalanced side. This 
arrangement is useful for coupling between a 
balanced 300-ohm line and a 75-ohm coaxial line, 
for example. 

• RECEIVING ANTENNAS 
Nearly all of the properties possessed by an 

antenna as a radiator also apply when it is 
used for reception. Current and voltage dis-
tribution, impedance, resistance and direc-
tional characteristics are the same in a receiv-
ing antenna as if it were used as a transmitting 
antenna. This reciprocal behavior makes pos-
sible the design of a receiving antenna of 
optimum performance based on the same 
considerations that have been discussed for 
transmitting antennas. 
The simplest receiving antenna is a wire of 

random length. The longer and higher the wire, 
the more energy it abstracts from the wave. Be-
cause of the high sensitivity of modern receivers, 
sometimes only a short length of wire strung 
around the room is used for a receiving antenna, 
but such an antenna cannot be expected to give 
good performance, although it is adequate for 
loud signals on the 3.5- and 7-Me. bands. It will 
serve in emergencies, but a longer wire outdoors 

is always better. 
The use of a tuned antenna improves the 

operation of the receiver, because the signal 
strength is greater than with a wire of random 
length. Where local electrical noise is a problem, 
as from an electrical appliance, a measure of 
relief can often he obtained by locating the an-
tenna as high above and as far as lit issible from 
the noise source 0.11(1 power lines. The lead-in 
wire, from the center of the : Litt en na, should be a 
coaxial line or shielded twin-et inductor cable 
(RU-62 U). If the twin-conductor cable is used, 
the conductors connect to the antenna binding 
posts and the shield to the ground binding post 
of the receiver. 

Antenna Switching 

Switching of the antenna from receiver to 

FROM 
ANTENNA 

RCVR 

DPDT RELAY 
OR SWITCH 

ANTENNA-OR 
ANT COUPLER 

RCVR 

TRANS 

COAXIAL 
LINE 

"7 

f TRANS 

COAX RELAY 
81 OR SPOT SWITCH 

Fig. 14-47—Antenna changeover for receiving and trans-

mitting in two-wire line (A) and coaxial line (B). The low-
pass filter for WI reduction should be connected between 

switch or relay and the transmitter. 

transmitter is commonly done wit h a change-
over relay, connected in t he antenna leads or 
the coupling link front the ant enfla tuner. 
If the relay is one with a I15- volt a.c. coil, the 
switch or relay that controls the transmitter 
plate power will also control the antenna relay. 
If the convenience of a relay is not tle,•ired, 
porcelain knife switches can be used and 
thrown by hand. 

Typical arrangements are shown in Fig. 
14-47. If coaxial line is used, a coaxial relay is 
recommended, although on the lower-frequency 
bands a regular switeh or ellange-over relay will 
work almost as ‘‘ ell. The relay of switch contacts 
should be rated to handle at least the maximum 
power of the transmitter. 
An additional refinement is the use of an elec-

tronic transit-receive switch, which permits full 
break-in operation even when using the trans-
mitting antenna for receiving. For details and 
eireuitry ( tti t . r. switches, see Chapter Eight. 

Antenna Construction 

The use of good materials in the antenna 
system is important, since the antenna is 
exposed to wind and weather. To keep elec-
trical losses•low, the wires in the antenna and 
feeder system must have good conductivity 
and the insulators must have low dielectric loss 
and surface leakage, particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a sat isfactory conduc-
tor. For long antennas and directive arrays, 
No. 14 or No. 12 enameled copper-clad steel 
wire should be used. It is best to make feeders 
and matching stubs of ordinary soft-drawn No. 
14 or No. 12 enameled copper wire, since hard-
drawn or copper-clad steel wire is difficult to 

handle unless it is under considerable tension 
at all times. The wires should be all in one piece; 
where a joint cannot be avoided, it should be 
carefully soldered. Open-wire TV line is excellent 
up to several hundred watts. 

In building a two-wire open line, the 
spacer insulation should be of as good quality 
as in the antenna insulators proper. For this 
reason, good ceramic spacers are advisable. 
Wooden dowels boiled in paraffin may be used 
with untuned lines, but their use is not recom-
mended for tuned lines. The wooden dowels 
can be attached to the feeder wires by drilling 
small holes and binding them to the feeders. 

At points of maximum voltage, insulation is 
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most important, :uHl Pyrex glass or ceramic in-
sulators with long leakage paths are recom-
mended for the antenna. Insulators should be 
cleaned once or twice a year, especially if they 
are subjected to much smoke and soot. 

In most cases poles or masts are desirable 
to lift the antenna clear of surrounding build-
ings, although in some locations the antenna 
will be sufficiently in the clear when strung 
from one chimney to another or from a house-
top to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna 
because of their movement in windy weather. 
If the antenna is strung from a point near 
the center of the trunk of a large tree, this 
difficulty is not so serious. Where the antenna 
wire must be strung from one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope at-
tached to a counterweight near the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the branches sway or the rope tightens and 
stretches with varying climatic conditions. 

Telephone poles, if they can be purchased 
and installed economically, make excellent 
supports because they do not ordinarily re-
quire guying in heights up to 40 feet or so. 
Many low-cost television-antenna supports 
are now available, and they should not be 
overlooked as possible antenna aids. 

• "A"-FRAME MAST 
The simple and inexpensive mast shown in 

Fig. 14-48 is satisfactory for heights up to 
35 or 40 feet. Clear, sound lumber should 
be selected. The completed mast may be pro-
tected by two or three coats of house paint. 

If the mast is to be erected on the ground, a 
couple of stakes should be driven to keep the 
bottom from slipping and it may then be 
"walked up" by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it from the roof, 
keeping it vertical. The whole assembly is light 
enough for two men to perform the complete 
operation — lifting the mast, carrying it to its 
permanent berth, and fastening the guys — 
with the mast vertical all the while. It is en-
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 
By using 2 X 3s or 2 X 4s, the height may 

be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 

• SIMPLE 40-FOOT MAST 
The mast shown in Fig. 14-49 is relatively 

strong, easy to construct, readily dismantled, 
and costs very little. Like the A"-frame, it is 
suitable for heights of the order of 40 feet. 
The top section is a single 2 X 3, bolted at 

the bottom between a pair of 2 X 3s with an 

3 TOP 
GOYS 

ANT 

TOTAL HEIGHT 40 FT PLUS 

Guy front and back 
here-no side guys 
necessary 

Three 2 2 s Carriage baits t 
Each 

\ \Drill M.' hole thru 
uprights and haminei 

in.spikes 

boit 

; Spread b' 
or so 

4" Carriage boit 

Fig. 14-48—Details of a simple 40-foot "A"-frame most 

suitable for erection in locations where space is limited. 

overlap of about two feet. The lower section 
thus has two legs spaced the width of the nar-
row side of a 2 X 3. At the bottom the two 
legs are bolted to a length of 2 X 4 which is 
set in the ground. A short length of 2 X 3 is 
placed between the two legs about halfway up 

MTOP GUYS 

CENTER GUYS 

Fig. 14-49—A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. The he:ght con 
be extended to 50 feet 
or more by using 2 X 
4s instead of 2 X 3s. 
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the bottom section, to maintain the spacing. 
The two back guys at the top pull against 

the antenna, while the three lower guys pre-
vent buckling at the center of t he pole. 
The 2 X 4 section should be set in the ground 

so that it faces the proper direct ion, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before-
hand. With the lower section laid on the 
ground, bolt A should be slipped in place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 X 3 for the job. As the 
mast goes up, the slack in the guys can be taken 
up so that the whole structure is in some meas-
ure continually supported. When the mast is 
vertical, bolt B should be slipped in place and 
both A and B tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 

• GUYS AND GUY ANCHORS 
For masts or pole:: up to about 50 feet, No. 

12 iron wire is a sat isfit îtry guy-wire material. 
Heavier wire or straniii ,i cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is likely to be high. 

More than three guy wires in any one set 
usually are unnecessary. If a horizontal an-
tenna is to be supported, two guy wires in the 
top set will be sufficient in most cases. These 
should run to the rear of the mast about 100 
degrees apart to offset the pull of the antenna. 
Intermediate guys should be used in sets of 
three, one running in a direction opposite to 
that of the antenna, while the other two are 
spaced 120 degrees either side. This leaves a 
clear space under the antenna. The guy wires 
should be adjusted to pull the pole slightly 
back from vertical before the antenna is hoisted 
so that when the antenna is pulled up tight the 
mast will be straight. 
When raising a mast that is big enough to 

tax the available facilities, it is some advantage 
to know nearly exactly the length of the guys. 
Those on the side on which the pole is lying can 
then be fastened temporarily to the anchors 
beforehand, which assures that when the pole is 
raised, those holding opposite guys will be 
able to pull it into nearly vertical position with 
no danger of its get t ing out of control. The guy 
lengths can be figured by the right-angled-
triangle rule that " the sum of the squares of 
the two sides is equal to the square of the 
hypotenuse." In other words, the distance from 
the base of the pole to the anchor should be 
measured and squared. 'fo this should be 
added the square of the pole length to the 
point where the guy is fastened. The square 
root of this sum will be the length of the guy. 
Guy wires should be broken up by strain 

insulators, to avoid the possibility of resonance 
at the transmitting frequency. Common prac-
tice is to insert an insulator near the top of 
each guy, within a few feet of the pole, and 
then cut each section of wire between the 
insulators to a length which will not be 
resonant either on the fundamental or har-
monics. An insulator every 25 feet will be 
satisfactory for frequencies up to 30 Mc. The 
insulators should be of the "egg" type with 
the insulating material under compression, so 
that the guy will not part if the insulator breaks. 
Twisting guy wires onto " egg" insulators may 

be a tedious job if the guy wires are long and of 
large gauge. A simple time- and finger-saving 

bald here with pliers 

Fig. 14-50—Using a lever for twisting heavy guy wires. 

device (piece of heavy iron or steel) can be made 
by drilling a hole about twice the diameter of 
the guy wire about a half inch from one end of 
the piece. The wire is passed through the insu-
lator, given a single turn by hand, and then held 
with a pair of pliers at the point shown in Fig. 
14-50. By passing the wire through the hole in 
the iron and rotating the iron as shown, the wire 
may be quickly and neatly twisted. 
Guy wires may be anchored to a tree or build-

ing when they happen to be in convenient spots. 
For small poles, a 6-foot length of 1-inch pipe 
driven luit o the ground at an angle will suffice. 

• HALYARDS AND PULLEYS 

Halyards or ropes and pulleys are important 
items in the antenna-supporting system. Par-
ticular attention should be directed toward the 
choice of a pulley and halyards for a high mast 
since replacement, once the mast is in position, 
may be a major undertaking if not entirely 
impossible. 

Galvanized-iron pulleys will have a life of only 
a year or so. Especially for coastal-area installa-
tions, marine-t vpe pulleys with hardwood blocks 
and bronze wheels and bearings should be used. 

For short antennas and temporary installa-
tions, heavy clothesline or window-sash cord may 
be used. However, for more permanent jobs, 
%-inch or 1A-inch waterproof hemp rope should 
be used. Even this should be replaced about 
once a year to insure against breakage. 
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Rotary Beam Construction 

Fig. 14-51—An antenna lead-in panel may be placed 
over the top sash or under the lower sash of a window. 
Substituting a smaller height sash in half the window will 
simplify the weatherproofing problem where the sash 

overlaps. 

It is advisable to carry the pulley rope back 
up to the top in " endless" fashion in the manner 
of a flag hoist so that if the antenna breaks close 
to the pole, there will be a means for pulling 
the hoisting rope back down. 

• BRINGING THE ANTENNA OR 
FEED LINE INTO THE STATION 

The antenna or trannission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 14-52, to remove strain from the 
lead-in insulators. Holes cut through the walls 
of the building and fitted with feed-through 
insulators are undoubtedly the best means of 

Fig. 14-52—A—Anchoring feeders takes the 
strain from feed-through insulators or window 
glass. B—Going through a full-length screen, a 
cleat is fastened to the frame of the screen on the 
inside. Clearance holes are cut in the cleat and also 

in the screen. 

bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned 
lines that develop high voltages. Probably 
the best place to go through the walls is the 
trimming board at the top or bottom of a win-
dow frame which provides flat surfaces for 
lead-in insulators. Cement or rubber gaskets may 
be used to waterproof the exposed joints. 
Where such a procedure is not permissible, 

the window itself usually offers the best oppor-
tunity. One satisfactory method is to drill 
holes in the glass near the top of the upper sash. 
If the glass is replaced by plate glass, a stronger 
job will result. Plate glass may be obtained 
from automobile junk yards and drilled before 
placing in the frame. The glass itself provides 
insulation and the transmission line may be 
fastened to bolts fitting the holes. Rubber 
gaskets will render the holes waterproof. The 
lower sash should be provided with stops to 
prevent damage when it is raised. If the win-
dow has a full-length screen, the scheme shown 
in Fig. 14-52B may be used. 
As a less permanent method, the window may 

be raised from the bottom or lowered from the 
top to permit insertion of a board which carries 
the feed-through insulators. This lead-in arrange-
ment can be made weatherproof by making an 
overlapping joint between the board and window 
sash, as shown in Fig. 14-51, or by using weather-
strip material where necessary. 

Coaxial line can be brought through clearance 
holes without additional insulation. 

Heavy - 
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Rotary-Beam Construction 

It is a distinct advantage to be able to shift 
the direction of a beam antenna at will, thus 
securing the benefits of power gain and direc-
tivity in any desired compass direction. A 
favorite method of doing this is to construct 
the antenna so that it can be rotated in the 
horizontal plane. The use of such rotatable 
antennas is usually limited to the higher fre-
quencies — 14 Mc. and above — and to the 
simpler antenna-element combinations if the 
structure size is to be kept within practicable 
bounds. For the 14-, 21- and 28-Mc. bands such 
antennas usually consist of two to four ele-
ments and are of the parasitic-array type de-
scribed earlier in this chapter. At 50 Mc. and 

higher it becomes possible to use more elabo-
rate arrays because of the shorter wavelength 
and thus obtain still higher gain. Antennas for 
these bands are described in another chapter. 
The problems in rotary-beam construction 

are those of providing a suitable mechanical 
support for the antenna elements, furnishing 
a means of rotation, and attaching the trans-
mission line so that it does not interfere with 
the rotation of the system. 

Elements 
The antenna elements usually are made of 

metal tubing so that they will be at least 
partially self-supporting, thus simplifying the 
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-/SAW SLOT 
BOTH SIDES 

Fig. 14-53—Details of telescoping tubing for beam 
elements. 

supporting structure. The large diameter of 
the conductor is beneficial also in reducing 
resistance, which becomes an important con-
sideration when close-spaced elements are used. 
Aluminum alloy tubes are generally used for 

the elements. The elements frequently are con-
structed of sections of telescoping tubing making 
length adjustments for tuning quite easy. Electri-
cian's thin-walled conduit also is suitable for 
rotary-beam elements. Regardless of the tubing 
used, the ends should be plugged up with corks 
sealed with glyptal varnish. 
The element lengths are made adjustable by 

sawing a 6- to 12-inch slot in the ends of the 
larger-diameter tubing and clamping the smaller 
tubing inside. Homemade clamps of aluminum 
can be built, or hose clamps of suitable size can 

be used. An example of this construction is shown 
in Fig. 14-53. If steel clamps are used, they should 
be cadmium- or zinc-plated before installation. 

Supports 

Metal is commonly used to support the ele-
ments of the rotary beam. For 28 Mc., a piece of 
2-inch diameter duraluminum tubing makes a 
good " boom" for supporting the elements. 
The elements can be made to slide through 
suitable holes in the boom, or special clamps 
and brackets can be fashioned to support the 
elements. Fit tings for TV antennas can often be 
used on 21- and 28-Me. beams. "Irrigation pipe" 
is a good source of aluminum tubing up to di-
ameters of 6 inches and lengths of 20 feet. 
Muffler clamps can be used to hold beam ele-
ments to a boom. 
Most of the TV antenna rotators are satisfac-

tory for turning the smaller beams. 
With all-metal construction, delta, "gamma" 

or "T"-match are the only practical matching 
methods to use to the line, since anything else 
requires opening the driven element at the cen-
ter, and this complicates the support problem for 
that element. 

" Plumber's-Delight " Construction 

The lightest beam to build is the so-called 
"plumber's delight", an array constructed en-
tirely of metal, with no insulating members be-
tween the elements and the supporting structure. 
Some suggestions for the constructional details 
are given in Figs. 14-54, 14-55 and 14-56. These 
show portions of a 4-element 10-meter beam, but 
the same principles hold for 15- and 20-meter 
beams. 
Boom material can be the irrigation pipe sug-

gested earlier (available from Sears Roebuck). 
Muffler clamps and homemade brackets (alumi-
num or cadmium-plated steel) can be used to 
hold the parasitic elements to the boom, as 

Fig. 14-54— Muffler clamps can be used to hold beam 
elements to the boom. The angle can be aluminum angle 
or angle iron; if iron is used it should be cadmium plated. 
This example shows a 1/4 -inch- diameter element held to a 

2- inch diameter boom. 

shown in Fig. 14-54. The muffler clamps and all 
hardware should be eadmitun-plated to forestall 
corrosion; the plating can be done at a plating 
shop and will not be very expensive if it is all 
done at the same time. 

• 
• 

Fig. 14-55—The boom can be tied to the mast with muffler 
clamps and a steel plate. The coaxial line from the driven 

element is taped to the boom and mast. 

Muffler clamps and a steel plate can be used 
to hold the boom to the supporting mast, as 
shown in Fig. 14-55. For maximum strength, the 
mast section should be a length of galvanized 
iron pipe. The plate thickness should run from 

inch for a 10-meter beam to inch or 
more for a 20-meter beam. Steel plates of this 
tu iekness are hest cut. in a welding shop, where 
i I ran be done quiekly for a nominal fee. After 
the plate has been eut and t he muffler-Mat-tip 
holes drilled, the plate, clamps and hardware 
should be plated. 
The photograph in Fig. 14-56 shows one way 

384 



Rotary Beam Construction 
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a T-matched driven element, can be assembled 
with its half-wave balun. Three coaxial chassis 
receptacles are fastened to a 14-inch thick sheet 
of phenolic that is supported below the driven 
element by three aluminum straps. The two T 
rods are also supported by the phenolic sheet at 
the inner ends and by suitable straps at the 
outer ends where they make up to the driven 
element. 

Rotation 

It ie convenient but not essential to use a motor 
to rotate the beam. If a rope-laid-pulley arrange-
ment can be brought into the operating room 
or if the pole can be mounted near a window in 
the operating room, hand rotation will work. 

If the use of a rope and pulleys is impracticable, 
motor drive is about the only alternative. There 
are several complete motor driven rotators on 
the market, and they are easy to mount, con-
venient to use, and require little or no main-
tenance. Generally speaking, light-weight units 
are better because they reduce the tower load. 

DRit :V m f 

5G_8/0 
ANY LENGTH 

Fig. 14-56—Detalls of a coaxial-line termination board 
and T-match support for a 10-meter beam. The balun 
of a half-wavelength of coaxial line is coiled and then 

fastened to the boom with tape. 

The speed of rotation should not be too 
great— one or 1 r.p.m. is about right. This 
requires a considerable gear reduction from 
the usual 1750-r.p.m. speed of small induction 
motors; a large reduction is advantageous 
because the gear train will prevent the beam 
from turning in weather-vane fashion in a 
wind. The usual beam does not require a great 
deal of power for rotation at slow speed, and a 
3'-hp. motor will be ample. A reversible motor 
should be used. \Var-surplus "prop pitch" motors 
have found wide application for rotating 14-Mc. 
beams, while TV rotators can be used with many 
28-Me. lightweight beams. 

Driving motors and gear housings will stand 
the weather better if given a coat of aluminum 
paint followed by two coats of enamel and a coat 
of glyptal varnish. Even commercial units will 
last longer if treated with glyptal varnish. Be 
sure that the surfaces are clean and free from 
grease before painting. Grease can be removed 
by brushing with kerosene and then squirting 
the surface with a solid stream of water. The 
work can then be wiped dry with a rag. 
The power and control leads to the rotator 

should be run in electrical conduit or in lead 
covering, and the metal should be grounded. 

A Compact 14-Mc. 3-Element Beam 
A 20-meter beam no larger than the usual 

10-meter beam can be made by using center-
loaded elements and close spacing. Such an 
antenna will show good directivity and can be 
rotated with a TV-antenna rotator. 

Construct halal details of the elements are 
shown in Figs. 14-57 and 14-58. The loading 
coils are space-wound by interwinding plumb 
line (sometimes known as chalk line) with the 
No. 12 wire coils. The coil ends are secured by 
drilling small holes through the polystyrene bar, 
as shown in Fig. 14-60. The coils should be 
sprayed or painted with Kryltin before installing 
the protective Lucite tubes. 
The beam will require 4-foot lengths of the 

tubings indicated in Fig. 14-57A. For good tele-
seeping, element wall thickness of 0.058 inch is 
recommended. The ends of the tubing sections 
should be slotted to permit adjustment, and se-
cured with clamps, so that the joints will not work 
loose in the wind. Perforated ground clamps can 
be used for this purpose. The boom is a 12-foot 
length of 1M-inch o.d. 61ST aluminum tubing, 
with 0.125-inch wall. 
The line is coupled and matched at the center 

of the driven element through adjustment of the 
link wound on the outside of the Lucite tubing. 
To cheék the adjustment of the elements, first 
resonate the driven element to the desired fre-
quency in the 14-Mc. band with a grid-dip oscil-
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lator. Then resonate the director to approxi-
mately 1-1.8 Nle., and the reflector to approxi-
mately 13.6 Me. This is not critical and only 
se rvi.s as a rough point for the final tuning, which 
is done by use of a conventional field-strength 
indicator. Cheek the transmitter loading and re-
adjust if necessary. Adjust the direetor for maxi-
mum forward gain, and then adjust the reflector 
for maximum forward gain. At this point, cheek 
tile ( trivial (dement for resonance and readjust if 
neia•ssary. Turn the II ' hector toward the field-
strengt h indicator and adjust for back cut-off. 

LUCITE END PLATE 

Fig. 14-58— Detailed sketch of the 
loading and coupling coils at the center 

of the driven element, and its mounting. 
Similar loading coils (see text) are used 
at the centers of the director and re-

flector. 

4/ turns 

Fig. 14-57— Dimensions of a compact 14-
Mc. beam. A—Side view of a typical ele-
ment. TV-antenna "U" clamps hold the sup-
port arms to the boom. Birnbach 4176 insu-
lators support the elements. B—Top plan 
of the beam showing element spacing and 
loading-coil dimensions. Elements are made 
of aluminum tubing. Construction of the 
loading coils and adjustment of the ele-
ments are discussed in the text. End-section 
lengths of 41 inches for the reflector, 40 
inches for the driven element, and 10 inches 
for the director will be close to optimum. 

This must be done in small steps. Do not expect 
the attenuation off the sides of a short beam to 
be as high as that obtained with full-length ele-
ments. The s.w.r. of the line feeding the antenna 
can be checked with a bridge, and after the ele-
ments have been tuned, a final ailjust ¡ malt of the 
su-r. van be made by adjusting the ( lending at 
the antenna loading roil turns and spacing. As 
in any beam, the s.w.r. will depend upon this 
adjustment and not on any that lam be made 
at the transmitter. Transmitter coupling is the 
usual for any coaxial line. (From (267, May, 1954.) 

5-turn link maithes 52- ohm lint 

A "One-Element Rotary" for 21 Mc. 

The directional properties Of a simple half-
wavelength antenna become more :tin :trent at 
higher frequencies, and it is possible to take ad-
vantage of Ibis fact to build a " one-element 
rotary" for 21 or 28 Mr. To take advantage of 
the directional properties of the antenna, it is 
only necessary to rotate it 180 degrees. It can be 
rotated by hand, as will be described, or by a 

small TV antenna rotator. A 28- Al('. antenna 
should be made full size ( I4-C) and fed at the 
center with 11G-1 I / U. 
The 21-Me. alltelilla is Illadg. fr1M1 tun piovv5 or 
,-inch diameter eleetrical thin-wall steel tubing 

or conduit. This tubing is readily available at ally 
electric supply shop. It comes in 10-foot lengtbs 
and, while 20 feet is short for a half-wave antenna 
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Rotary Beam Construction 

Fig. 14-59—(A) Diagram of the 21-Mc, an-
tenna and mounting. The U-bolts that hold the 
2 by 2 to the floor flange are standard 2-inch 
TV mast type bolts. (E) A more detailed draw-
ing of the coil and coax-fitting mountings. The 
1/4-inch spacing between turns is not critical, 
and they can vary as much as 1/16 inch without 

any apparent harm to the match. 

Coax 04 
JAN TYPE 
PL -259 

at 21-Me., with loading the length is just about 
right for 52-ohm line feed. ( A half-wavelength 
antenna would normally be fed with 72-ohm 
cable, since the antenna offers a good Inatch for 
this intpedance value. In this an syslem, 
du. shorter elements, plus the small coil, offer a 
good match for 52-ohm cable.) If aluminum tub-
ing is available, it can be used in place of the 
conduit, and the antenna will be lighter in weight. 
As shown in Figs. 14-59 and 1-1-60, the two pieces 
of tubing are supported by four stand-off insula-
tors on a four foot, long 2 by 2. The coax fitting 
for the feed line is mounted on the end of one ut 
the lengt lis of tubing. A mounting point is made 
by flattening the end of the tubing for a length 
of about I 1,', inches. The tubing can be flattened 
by squeezing it in a vise or by laying the end of 
the tubing on a hard surface and then hammering 
it flat. This will provide enough space to accom-
moda Ii the coax fitting (Amphenol type 83-1R). 
A >,-inch hole will be needed in the flat section 
to clear the shell of the coax fitting. 

Fig. 14-60—A close-up of the coil and coax 
fitting mountings. Be sure that the coil doesn't 
short out to the outer conductor when soldering 
the coil end to the inner conductor pin on the 

coax fitting. 

RG 8/u or 
PG 58/u 
Coax. 

Coax socket 
JAN. TYPE 
50-239 

1 Cod L, 
, 1. 5 turnS 

L Copper Tlibu,y 

(3) 

The coil, L1, is made from %-inch diameter 
copper tubing. It eonsists of 5 turns spaeed 
inch apart and is 1 inch inside diameter. The (mil 
is connected in series with the inner concittemr 
itin on the coax fit ting and the ,,t her half of he 
antenna. To secure a good rot itit.1 ion at the coax 
fitting, the coil lead should be wound around the 
inner-conductor pin and soldered. The other end 
of the coil can be connected wit h a screw and nut. 

Mounting 

The antenna can be mounted on a 1-inch floor 
flange and held in place by two 2-inch bolts, as 
shown in Fig. 14-61. The floor flange can be 
connected to a I2-foot length of 1-inch pipe 
which will serve as a mast. Television antenna 
wall mount s can be used to support the mast. 

In the installation shown in Fig. I 1-61, 10-inch 
wall mounts were used in order to clear the eaves 
of the house. A 2-inch long piece of 11,.¡-inch pipe 
was used as a sleeve, and it was clamped in the 
U bolt on the bottom wall mount. A 11.¡-inch hole 
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14- ANTENNAS 

Fig. 14-61—Over-all view of the antenna and mounting. 
The feed line comes out of the bottom of the mast and 

through the wall into the shack. 

was drilled through the mast pipe approximately 
6 inches from the bottom. Then a 1 /2-inch bolt 
was slipped through the hole and the mast was 
then mounted in the sleeve on the bottom wall 
mount. The bolt acted as a bearing point against 
the top of the sleeve. Another !4-inch hole was 
drilled through the mast about three feet above 
the bottom wall mount. A piece of Vi-inch metal 
rod, six inches long, was forced through the hole 

so that the rod projected on each side of the mast. 
To turn the mast, a piece of rope was attached 
to each end of the rod and the rope was brought 
into the shack, so that the antenna could be ro-
tated by the "arm-strong" method. obviously, 
one could spend more money for a "de luxe" 
version and use a TV antenna rotator and mast. 

11G-8. U 52-ohm coax cable is recommended to 
feed the antenna. For power inputs up to 100 
watts, the smaller and less expensive RG-58/ U 
can be used. However, u hen you buy RG-58 ' U, 
be sure that the line is made by a reputable 
manufacturer (such as Amphenol or Belden). 
Some of the line made for TV installations is of 
inferior quality and is likely to have higher losses. 
The feedline was fed up through the mast pipe 
and through a 3%-inch hole in the 2 by 2. An 
Amphenol 83-1SP fitting on the end of the coax 
line connects to t he female fitting on the antenna. 

Coupling to the Transmitter 

It may be found that, when the feed line is 
coupled to the transmitter, the antenna won't 
take power. Since the line is terminated at the 
antenna in its characteristic impedance of 52 
ohms, the output of the final r.f. amplifier must 
be adjusted to couple into a 52-ohm load. Where 
the output coupling device is a variable link, all 
that may be needed is the correct setting of the 
link. If the link is fixed, one end of the link can be 
grounded to the transmitter chassis and the other 
end of the link connected in series wit h a small 
variable capacitor to the inner conductor of the 
feed line. The outer conductor of the coax is 
grounded to the transmitter chassis. The ca-
pacitor is tuned to the point where the final ampli-
fier is properly loaded. For t ransmitters having 
a pi-network output ii'uuit. it is merely a matter 
of adjusting the network to the point where the 
amplifier is properly loaded. 

(From QST, January, 1955.) 
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CHAPTER 15 

Wave Propagation 
Much of the appeal of amateur communica-

tion lies in the fact that the results are not always 
predictable. Transmission conditions on the 
same frequency vary with the year, season and 
with the time of day. Although these variations 
usually follow certain established patterns, many 
peculiar effects can be observed from time to 
time. Every radio amateur should have some 
understanding of the known facts about radio 
wave propagation so that he will stand some 
chance of interpreting the unusual conditions 

when they occur. The observant amateur is in an 
excellent position to make worthwhile contribu-
tions to the science, provided he has sufficient 
background to understand his results. He may 
discover new facts about propagation at the very-
high b•equencies or in the microwave region, as 
amateurs have in the past. In fact, it is through 
amateur efforts that most of the extended-range 
possibilities of various radio frequencies have 
been discovered, both by accident and by long 
and careful investigation. 

Characteristics of Radio Waves 

Radio waves, like other forms of electromag-
netic radiation such as light, travel at a speed 
of 300,000,000 meters per second in free space, 
and can lx ! relief.1.41, refracted, and diffracted. 
An elect romagiwt ie wave is composed of mov-

ing fields of elect rie all I magnetic force. The lines 
of force its the electric and magnetic fields are at 
right angles, and are mutually perpendicular to 

Electric lines of Force 
/ 

lines of 
Force 

Fig. 15-1—Representation of electric and magnetic lines 
of force in a radio wave. Arrows indicate instantaneous 
directions of the fields for a wave traveling toward the 
reader. Reversing the direction of one set of lines would 

reverse the direction of travel. 

the direction of travel. A simple representation of 
a wave is shown in Fig. 15-1. In this drawing the 
electric lines are perpendicular to the earth and 
the magnetic lines are horizontal. They could, 
however, have any position with respect to earth 
so long as they remain perpendicular to each 
other. 
The plane containing the continuous lines of 

electric and magnetic force shown by the grid- or 
mesh-like drawing in Fig. 15-1 is called the wave 
front. 
The medium in which electromagnetic waves 

travel has a marked influence on the speed with 

which they move. When the medium is empty 
space the speed, as stated above, is 300,000,000 
meters per second. It is almost, but not quite, 
that great in air, and is much less in some other 
substances. In dielectrics, for example, the speed 
is inversely proportional to the square root of the 
dielectric constant of the material. 
When a wave meets a good conductor it can-

not penetrate it to any extent (although it will 
travel through a dielectric with ease) because the 
electric lines of force are practically short-
circuited. 

Polarization 

The polarization of a radio wave is taken as 
the direction of the lines of force in the electric 
field. If the electric lines are perpendicular to the 
earth, the wave is said to be vertically polarized; 
if parallel with the earth, the wave is horizon-
tally polarized. The longer waves, when traveling 
along the ground, usually maintain their polari-
zation in the same plane as was generated at the 
antenna. The polarization of shorter waves may 
be altered during travel, however, and sometimes 
will vary quite rapidly. 

Spreading 

The field intensity of a wave is inversely pro-
portional to the distance from the source. Thus 
if in a uniform medium one receiving point is 
twice as far from the transmitter as another, the 
field strength at the more distant point will be 
just half the field strength at the nearer point. 
This results from the fact that the energy in the 
wave front must be distributed over a greater 
area as the wave moves away from the source. 
This inverse-distance law is based on the as-
sumption t hat there is nothing in the medium to 
absorb energy from the wave as it travels. This 
is not the case in practical communication along 
the ground and through the atmosphere. 

Types of Propagation 

According to the altitudes of the paths along 
which they are propagated, radio waves may 
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15 — WAVE PROPAGATION 

be classified as ionospheric waves, tropospheric 
waves or ground waves. 
The ionospheric wave or sky wave is that part 

of the total radiation that is directed toward the 
ionosphere. Depending upon variable conditions 
in that region, as well as upon transmitting 
wave lengt It, the ionospheric wave may or may 
not be returned to earth by the effects of refrac-
tion and reflection. 
The tropospheric wave is that part of the total 

radiation that undergoes refraction and reflec-
tion in regions of abrupt change of dielectric 
constant in the tropospliem, stub as may occur at 
the boundaries between air masses of differing 
temperature and moisture content. 
The ground wave is that part of the total radia-

Direct Wave 

EARTH 

Fig. 15-2—Showing how both direct and reflected waves 
may be received simultaneously. 

tion that is directly affected by the presence of 
the earth and its surface features. The ground 
wave has two components. One is the surface 
wave, whivh is an earth-guided wave, and the 
other is the space wave (not to be confused with 
the ionospheric or sky wave). The space wave is 
itself the resultant of two components — the 
direct wave and the ground-reflected wave, as 
shown in Fig. 15-2. 

Ionospheric Propagation 

• PROPERTIES OF THE IONOSPHERE 
Except for dist:i lives of a few miles, nearly all 

amateur communication on frequencies below 
30 Mc. is by means of the sky wave. Upon leav-
ing the transmitting antenna, this wave travels 
upward from the earth's surface at such an angle 
that it would continue out into space were its 
path not bent sufficiently to bring it bark to 
earth. The medium that causes such bending is 
the ionosphere, a region in the upper atmosphere, 
above a height of about 60 miles, where free ions 
and electrons exist in sufficient ( plant ity to have 
an appreciable effect on wave travel. 
The ionization in the tipper atmosphere is be-

lieved to be caused by tilt raviolet radiation from 
the sun. The ionosphere is not a single region but 
is composed of a series of layers of varying den-
sities of ionization occurring at different heights. 
Each layer consists of a central region of rela-
tively dense ionization that tapers off in inten-
sity both above and below. 

Refraction 

The greater the intensity of ionization in a 
layer, the more the path of the wave is bent. The 
bending, or refraction (often also called re-
flection), also depends on the wavelength; the 
longer the wave, the more the path is bent for 
a given degree of ionization. Thus low-frequency 
waves are more readily bent than those of high 
frequency. For this reason the lower frequencies 
— 3.5 and 7 Me. — are more " reliable" than 
the higher frequencies — 14 to 28 Mc.; there 
are tintes when the ionization is of such low value 
that waves of the latter frequency range are not 
bent enough to return to earth. 

Absorption 

In traveling through the ionosphere the wave 
gives up some of its energy by ,,etting the ionized 
particles into motion. When t he moving ionized 
particles collide with others this energy is lost. 
The absorption from this cause is greater at lower 
frequencies. It also increases with the intensity of 

ionization, and with the density of the atmos-
phere in the ionized region. 

Virtual Height 

Although an ionospheric layer is a region of 
considerable depth it is convenient to assign to 
it a definite height, called the virtual height. 
This is the height from which a simple reflection 
would give the same effect as the gradual bend-

Actual 
Ile/ahtis 

Fig. 15-3—Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 

ing that actually takes place, as illustrated in 
Fig. 15-3. The wave t raveling upward is bent back 
over a path having an appreciable radius of 
turning, and a measurable interval of time is 
consumed in the turning process. The virtual 
height is the height of a triangle having equal 
sides of a total length proportional to the time 
taken for the wave to travel from T to R. 

Normal Structure of the Ionosphere 

The lowest useful ionized layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles The air 
at this height is sufficiently dense so that the 
ions and electrons set free I;y the sun's radiation 
do not travel far before they meet and recombine 
to form neutral particles, so the layer can main-
tain its normal intensity of ionization only in the 
presence of continuing radiation from the sun. 
Hence the ionization is greatest around local 
noon and practically disappears after sun-
down. 

In the daytime there is a still lower ionized 
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Sky-Wave Propagation 

area, the D region. D-region ionization is propor-
tional to the height of the sun and is greatest at 
noon. The lower amateur-band frequencies ( 1.8 
and 3.5 Mc.) are almost completely absorbed 
by this hiver, and only the high-angle radiation is 
wflected by the E layer. (Lower-angle radiation 
travels farther through the D region and is ab-
sorbed.) 
The second principal layer is the F layer 

which has a height of about 175 miles at night. 
At this altitude the air is so thin that recombina-
tion of ions and electrons takes place very slowly. 
The ionization decreases after sundown, reaching 
a minimum just before sunrise. In the daytime 
the F layer splits into two parts, the F1 and F2 
layers, with average virtual heights of, respee-
tivelv, 140 miles and 200 miles. These layers are 
most, highly ionized at about local noon, and 
merge again at sunset into the F layer. 

• SKY-WAVE PROPAGATION 

Wa ve Angle 

The smaller the angle at which a wave leaves 
the earth, the less the bending required in the 
ionosphere to bring it back. Also, the smaller 
the angle the greater the distance between the 
point where the wave leaves the earth and that 
at which it returns. This is shown in Fig. 15-4. 
The vertical angle that, the wave makes with a 
tangent to the earth is called the wave angle or 
angle of radiation. 

Skip Distance 

More bending is required to return the wave 
to earth when the wave angle is high, and at 
times the bending will not be sufficient unless 
the wave angle is smaller than some cri tiva 
value. This is illustrated in Fig. 15-4, where .1 
and smaller angles give useful signals while waves 
sent at higher angles penetrate the layer and are 
not returned. The distance between T and Rs is, 
therefore, the shortest possible distance, at that 
particular frequency, over which communication 
by ionospheric refraction can be accomplished. 
The area between the end of the useful ground 

wave and the beginning of ionospheric-wave re-
ception is called the skip zone, and the distance 
from the transmitter to the nearest point where 
the sky wave returns to earth is called 
the skip distance. The extent of the skip 
zone depends upon the frequency and 
the state of the ionosphere, and also 
upon the height of the layer in which 
the refraction takes place. The higher 
layers give longer skip distances for the 
same wave angle. Vave angles at the 
transmitting and receiving points are 
usua ly, although not always, approxi-
mately the same for any given wave 
path. 

Critical and Maximum Usable 
Frequencies 

If the frequency is low enough, 
a wave sent vertically to the iono-

7imyent 

sphere will be reflected back down to the trans-
mitting point. If the frequency is then gradu-
ally increased, eventually a frequency w ill be 
reached where this vertical reflection just fails 
to occur. This is the critical frequency for 
the layer under consideration. When the operat-
ing frequency is below the critical value there 
is no skip zone. 
The critical frequency is a useful index to the 

highest frequency that can be used to transmit 
over a specified distance — the maximum usable 
frequency (m.u.f.). If the wave leaving the trans-
mitting point at angle A in Fig. 15-4 is, for ex-
ample, at a frequency of 14 M c., and *if a highei 
frequency would skip over the receiving point 
RI, then 14 Mc. is the m.u.f. for the distance 
from T to Rt. 
The greatest possible distance is covered when 

the wave leaves along the tangent to the earth; 
that is, at zero wave angle. Under average condi-
tions this distance is about 4000 kilometers or 
2500 miles for the F2 layer, and 2000 km. or 
1250 miles for the E layer. The distances vary 
with the layer height. Frequencies above these 
limiting m.u.f.'s w ill not be returned to earth at 
any distance. The 4000-km . m .u.f. for the F2 
layer is approximately 3 times the critical fre-
quency for that layer, and for the E layer the 
2000-km. m.u.f. is about 5 times the critical 
frequency. 

Absorption in the ionosphere is least at the 
maximum usable frequency, and increases very 
rapidly as the frequency is lowered below the 
mad. Consequently, best results w ith low 
power always are secured when the frequency 
is as close to the m.u.f. as possible. 

It is readily possible for the ionospheric wave 
to pass through the E layer and be refracted back 
to earth from the F, F1 or F2 layers. This is 
because the critical frequencies are higher in the 
latter layers, so that a signal too high in frequency 
to be returned by the E layer can still come back 
m from one of the others, depending upon the time 

of day and the existing conditions. 

Multiltop Transmission 

On returning to the earth the wave can be 
reflected upward and travel again to the iono-
sphere. There it may once more be refracted, and 
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15 - WAVE PROPAGATION 

again bent back to earth. This process may be 
repeated several times. Multihop propagation of 
this nature is necessary for transmission over 
great distances because of the limited heights of 
the layers and the curvature of the earth, which 
restrict the maximum one-hop distance to the 
values mentioned in the preceding section. How-
ever, ground losses absorb some of the energy 
from the wave on each reflection (the amount of 
the loss varying with the type of ground and 
being least for reflection from sea water), and 
there is also absorption in the ionosphere at each 
reflection. Hence the smaller the number of hops 
the greater the signal strength at the receiver, 
other things being equal. 

Fading 

Two or more parts of the wave may follow 
slightly different paths in traveling to the re-
ceiving point, in which case 1 he difference in 
path lengths will cause a phase difference to 
exist between the wave components at the re-
ceiving antenna. The total field strength will be 
the sum of the components and may be larger 
or smaller than one component alone, shire the 
phases may be such as either to aid or oppose. 
Since the paths change from time to tinte, this 
causes a variation in signal strength called fad-
ing. Fading can also result from the combination 
of single-hop and multihop waves, or the combi-
nation of a ground wave with an ionospheric or 
tropospheric wave. 

Fading may be either rapid or slow, the former 
type usually resulting from rapidly-changing 
conditions in the ionosphere. the latter occur-
ring when transmission conditions are relatively 
stable. 

It frequently happens that transmission condi-
tions are different for waves of slightly different 
frequencies, so that in the case of voice-modu-
lated transmission, involving sidebands differing 
slightly from the carrier in frequency, the carrier 
and various side band components may not be 
propagated in the same relativo amplitudes and 
phases they had at the transmitter. This effect, 
known as selective fading, causes severe distor-
tion of the signal. 

Back Scattel 

Even though the operating frequency is above 
the in.u.f. for a given distance, it is usually pos-
sible to hear signals from within the skip zone. 
This phenomenon, called back scatter, is caused 
by reflections from distances beyond the skip 
zone. Such reflections can occur when the trans-
mitted energy st ri kes the cart h at a distance and 
some of it is reflected back into the skip zone to 
the receiver. Such scatter signals are weaker than 
those normally propagated, and also have a rapid 
fade or " flutter" that makes them easily recog-
nizable. 
A Certain amount of scattering of the wave 

also takes place in thé ionosphere bffluse the 
ionized region is not completely uniform. Scatter-
ing in the normal propagation direction is called 
forward scatter, and is responsible for extending 

the range of transmission beyond the distance of 
a regular hop, and for making communication 
possible on frequencies greater than the actual 
m.u.f. 

• OTHER FEATURES OF IONOSPHERIC 
PROPAGATION 

cyclic Variations in the Ionosphere 

Since ionization depends upon ultraviolet ra-
diation, conditions in the ionosphere vary with 
changes in the sun's radiation. In addition to the 
daily variation, seasonal changes result in higher 
critical frequencies in the E layer in summer, av-
eraging about 4 Me. as against a winter average 
of 3 Mc. The P layer critical frequency is of the 
order of 4 to 5 Mc. in the evening. The Ft layer, 
which has a crit ical frequency near 5 Me. in stun-
met., usually disapi wars entirely in winter. The 
daytime maximum ( lit leaf frequencies for the F2 
are highest in winter ( 10 to 12 Mc.) and lowest in 
summer (around 7 Mr.). The virtual height of the 
F2 layer, which is about 185 miles in winter, aver-
ages 250 miles in summer. These values are rep-
resentative of latitude 40 deg. North in the 
Western hemisphere, and are subject to con-
siderable variation in other parts of the world. 

Very marked ehanges in ionization also occur 
in step with the 11-year sunspot cycle. Alt hough 
there is no apparent direct correl:it it tit I s t weett 
sunspot activity and critical frequencies on a 
given day, there is a definite correlat ii tit bet ween 
overage sunspot activity a rid eritiral frequencies. 
The critical frequencies are highest during sun-
spot maxima and lowest during sunspot minima. 
During the period of minimum sunspot activity 
the lower freaucticies — 7 and 3.5 Me. — fre-
quently are the only usable bands at night. At 
such times the 28-Mc. band is seldom useful for 
long-distance work, while the 14- Mc, band per-
forms well in the daytime but is not ordinarily 
useful at night.. 

Ionosphere Storms 

Certain ty pes of sunspot activity cause con-
siderable disturbances in the ionosphere (iono-
sphere storms) and are aecompanied by dis-
turbances in the earth's magnetic field (magnetic 
storms). Ionosphere storms are characterized by 
a marked increase in absorption, so that radio 
conditions become poor. The critical frequencies 
also drop to relatively low values during a storm, 
so that only the lower frequencies are useful for 
communication. Ionosphere storms may last from 
a few hours to several days. Since the sun rot a tes 
on its axis onee every 28 days, disturbances tent! 
to recur at such intervals, if the sunspots respon-
sible do not become inactive in the meantime. 
Absorption is usually low, and radio conditions 
therefore good, just preceding a storm. 

Sporadic-E Ionization 

Scattered patches or clouds of relatively dense 
ionization occasionally appear at heights approxi-
mately the same as that of the E layer, for rea-
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sons not yet known. This sporadic-E ionization 
is most prevalent in the equatorial regions, where 
it is substantially continuous. In northern lad-
t tides it is most frequent in t he spring and early 
summer, but is present in some degree a fair per-
(tentage of the time the year ' round. It ticeounts 
for a good deal of the night-time short distance 
work on the lower frequencies (3.5 and 7 Mc.) 
and, when more intense, for similar work on 14 
to 28 Mc. Exceptionally intense sporadic-E ion-
ization is responsible for work over distances ex-
ceeding 400 or 500 miles on the 50-Mc. band. 
There are indications of a relationship between 

sporadic-E ionization and average sunspot ac-
tivity, but it does not appear to be directly re-
lated to daylight and darkness since it may 
occur at any time of the day. However, there is 
an apparent tendency for the ionization to peak 
at mid-morning and in the early evening. 

Tropospheric Propagation 

Changes in temperature and humidity of air 
masses in the lower atmosphere often permit 
work over greater than normal ground-wave 
distances on 28 Mc. and higher frequencies. The 
effect can be observed on 28 Mc., but it is gen-
erally more marked on 50 and 144 Mc. The 
subject is treated in detail later. 

• PREDICTION CHARTS 
The Central Radio Propagation Laboratory 

of National Bureau of Standards offers predic-
tion charts three months in advance, by means 
of which it is possible to predict wit h considerable 
accuracy the maximum usable frequency that 
will hold over any path on the earth during a 
monthly period. The charts can be obtained from 
the Superintendent of Documents, U. S. Govern-
ment Printing Office, Washington 25, D. C. for 
10 cents a copy or $ 1.00 per year. They am called 
"CRPL-D Basic Radio Propagation Predictions." 
The use of the charts is explained in Circular 462, 
"Ionospheric Radio Propagation," available for 
$1.00 from the same address. This publication 
also contains much information of value to those 
who wish to pursue the subject of ionospheric 
propagation in more detail. 

• PROPAGATION IN THE 3.5 TO 30-MC. 
BANDS 

The 1.8-Me., or " 160-meter," band offers re-
liable working over ranges up to 25 miles or so 
during daylight. On winter nights, ranges up to 
several thousand miles are not impossible. Only 

small sections of the band are currently available 
to amateurs, because of the presence of the loran 
service in that ' part of the spectrum. 
The 3.5-.Mc., or " 80-meter," band is a more 

useful band during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distance of greater than 200 
miles or so, but during the darkness hours dis-
tances up to several thousand miles are not un-
usual, and transoceanic contacts are regularly 
made during the winter months. During the 
summer, the static level is high. 
The 7-Mc., or " 40-meter," band has many of 

the same characteristics as 3.5, except that the 
distances that can be covered during the day and 
night hours are increased. During daylight, dis-
tances up to a thousand miles can be covered 
under good conditions, and during the dawn and 
dusk periods in winter it is possible to work sta-
tions as far as the other side of the world, the 
signals following the darkness path. The winter 
months are somewhat better than the summer 
ones. In general, summer static is much less of a 
problem than on 80 meters, although it can be 
serious in the semitropical zones. 
The 14-Me., or " 20-meter," band is probably 

the best one for long-distance work. During the 
high portion of the sunspot cycle it is open to 
some part of the world during practically all of 
the 24 hours, while during a sunspot minimum it 
is generally useful only during daylight hours and 
the dawn and dusk periods. There is practically 
always a skip zone On t his band. 
The 21- Mc., or " 15-meter," band shows highly 

variable characterist its depending on the sunspot 
cycle. During sunspot maxima it is useful for 
long-distance work during a large part of the 24 
hours, but in years of low sunspot activity it is 
almost wholly a daytime band, and sometimes 
unusable even in daytime. However, it is often 
possible to maintain communication over dis-
tances up to 1500 miles or more by sporadic-E 
ionization which may occur either day or night 
at any time in the sunspot cycle. 
The 28- Me. (" 10-meter") band is generally 

considered to be a DX band during the daylight 
hours (except in summer) and good for local work 
during the hours of darkness, for about half the 
sunspot cycle. At the very peak of the sunspot 
cycle, it may be "open" into the late evening 
hours for DX communication. At the sunspot 
minimum the band is usually "dead" for long-
distance communication, by means of the F2 
layer, in the northern latitudes. Nevertheless, 
sporadic-E propagation is likely to occur at any 
time, just : Is in t be ease of the 21-Mc. band. 

Propagation Above 50 Mc. 

The importance to the amateur of having some 
knowledge of wave propagation was stressed at 
the beginning of this chapter. An understanding 
of the means by which his signals reach their 
destination is an even greater aid to the v.h.f. 

worker. Each of his bands shows different char-
acteristics, and knowledge of t heir peculiarities 
is as yet far from complete. The observant user 
of the amateur v.h.f. assignments has a good op-
portunity to contribute to that knowledge, and 
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his enjoyment of his work will be greatly en-
haneed if he knows when to expect unusual prop-
agation conditions. 

• CHARACTERISTICS OF THE V.H.F. 
BANDS 

An outstanding feature of our bands from 50 
Ige. up is their ability to provide consistent and 
interferetwe-free communication within a lim-
ited range. All lower frequencies are subject to 
varying conditions that impair their effective-
ness for work over distanees of 11/0 miles or less 
at least part of the time, and the heavy occu-
pancy they support results in severe interferenee 
problems in areas of dense population. The yid. 
I ands, Iwing mueh wider, can handle many times 
the amateur population wit loalt erowding, and 
their charaeteristies for local work are more 
stable. It is thus to the advantage of amateur 
radio as a whole to make use of 50 Me, and 
higher bands for short-range eommunieation 
wherever p.)ssible. 

In addition to reliable local coverage, the 
v.h.f. bands also exhibit several forms of long-
distance propagation at times, and use of 50 and 
144 lias been taken up in recent years by 
many isolated amateurs who must depend on 
these proimgation peculiarities for all or most of 
their mitt:lets. It is particularly important to 
these operators that they understand common 
propagation phenomena. The material to follow 
supplements information presel)ted earlier in 
this chapter, but deals with wave propagation 
only as it affects the occupants of the world 
above 50 Mc. First let us consider the bands 
individually. 
50 to 54 Mc.: This band is borderline territory 

between the DX frequencies and those normally 
etnployed for local work. Thus just about every 
form of wave propagation found throughout the 
radio spectrum appears, on occasion, in the 50-
Mc. region. This has contributed greatly to the 
popularity of the 50-Mc. band. 

During the peak years of a sunspot cycle it 
is occasionally possible to work 50- Mc. DX of 
world-wide proportions, by reflection of signals 
from the F2 layer. Sporadic-E skip provides con-
tacts over distances from 400 to 2500 tildes or so 
during the early summer months, regardless of 
the solar cycle. Reflection from the aurora regions 
allows 100- to 1000-mile work ( hiring pronounced 
ionospheric disturbances. The ever-changing 
weather pattern offers extension of the normal 
coverage to as mueli as 300 to 500 miles. This 
develops most often during the warmer mitnths, 
but may occur at any seam m. In the al senee of 
any favoral)le propagathm, the average well-
equipped 50-Mc. station should be :Ode to work 
regularly over a radius Hi 75 to 100 miles or more. 
depending on local terrain. 

/44 to 148 .1/c.: Ionospheric effects are greatly 
reduced at 144 Mc. E2-layer refleetion is unlikely, 
and sporadie-E skip is rare. Aurora DX is fairly 
commol t. but signals are generally weaker than 
on 50 u I 0. Tropospheric effects are more pro-

flounced than on 50 Me., and distances covered 
during favorable weather conditions are greater 
than on lower bands. Air-mass boundary benfling 
has been responsible for communivation on 144 
A'le. over distatwes in excess of 2500 miles, and 
500-mile work is fairly eommon in the warmer 
months. The reliable range umler normal condi-
tions is slightly less than on 50 Mc., with vom-
paral,le equipna•nt. 

2.20 Mr. and /fiyher: Ionospheric propagation 
is unlik(ly at 220 Nle. and up, but tropospheric 
bending is more prevalent than on lower bands. 
Amateur e\lwrienee on 220 and 420 Mc. is show-
ing that t hey can be as useful as 144 Mc., when 
comparable equipment is used. Umler minimum 
eonditions the range may be slightly shorter, but 
when signals are good on 144 Mr., they may be 
better on 220 or 420. Even above 1000 Mc, there 
is evidence of tropospheric DX. 

• PROPAGATION PHENOMENA 
The various known means by which v.h.f, 

signals may be propagated over unusual dis-
tances are 'discussed below. 
F2-Layer Reflection: Most contacts made on 28 

Mc. and lower frequencies are the result of re-
flection of the ‘va ye by the F2 layer, the ioniza-
tion density of which varies with solar activity, 
the highest frequencies I wing refleet(41 at the 
peak of the I l-y(ar solar cycle. The maximum 
usable frequency (m.u.f.. for F2 ion also 
follows other wf:II-defined cycles, daily, monthly, 
and seasonal, all related to eonditions on the 
sun and its position with respect to the earth. 
At the low point of the il -year cyele, such as 

in the early '50s, the m.u.f. may reach 28 \ Ir. 
only during a short period eaeli siwing and fall, 
whereas it may go to 60 Me. or higher at the peak 
of the eyrie. The fall of 1946 saw the first au-
thentic instances of long-distanee work on 50 
Mc. by F2-layer reflection, aml as late as 1950 
contacts were made it) the more favorable areas 
of the world by this medium. The rising curve 
of the current solar cycle again made F2 DX 
on 50 possible in the low latitudes in the 
winter of 1955-6. DX was worked over much of 
the earth in 1956-8 and may be expected through 
1959. Loss of the 50-Me, band to television in 
some countries will limit the scope of 50-Mc. DX 
in :)wars to come. 
The F2 m.u.f. is readily determined by ob-

sprvation, and it may be estimated quite aeeur-
;oily for any path at any time. It is predictable 
for months in advance , I iiabliuig t he vhf. worker 
to arrange test schedules with distant stations 
at propitious times. As t here an. numerous com-
mercial signals, both harnamies and funda-
mental transmissions, on the air in the range 
bet ween 28 and 50 Me., it is possible to deter-
mine the approximate m.u.f, by careful listen-
ing in this range. Daily observations will show 
if the m.u.f. is rising or falling, and ()nee the peak 
for a given month is determined it can lie as-
sumed that another will occur about 27 days 
later, this cycle coinciding with the turning of 
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Miscellaneous Phenomena 

Fig. 15-5—The principal means by which v.h.f. signals may be returned to earth, showing the approximate distances 
over which they are effective. The F2 layer, highest of the reflecting layers, may provide 50-Mc. DX at the peak of the 
11-year sunspot cycle. Such communication may be world-wide in scope. Sporadic ionization of the E region produces 
the familiar "short skip" on 28 and 50 Mc. It is most common in early summer and in late December, but may occur at 
any time, regardless of the sunspot cycle. Refraction of v.h.f. waves also takes place at air-mass boundaries, making 
possible communication over distances of several hundred miles on all v.h.f. bands. Normally it exhibits no skip zone. 

the sun on its axis. The working range, via F2 
skip, is roughly compara) de to that on 28 Mc., 
though the minimum distance is somewhat 
longer. Two-way work on 50 Mc. by reflection 
from the F. layer has been accomplished over 
distances fr.on 2200 to 12.000 miles. The maxi-
mum frequency for F2 reflection is I whetted to 
be about 70 c. 

Sporadie-E Skip: Patchy concentrations of 
ionization in the E-layer rugit of are often respon-
sible for reflection of. signals on 28 and 50 Me. 
This is the popular " short skip" that provides 
fine contacts on both bands in the range het ween 
400 and 1300 miles. It is most common in May. 
June and July, during morning anti early evening 
hours, but it may occur at any time or season. 
Multiple-hop ('fleets may appear, when ioniza-
tion develops simultaneously over large areas, 
making possible work over distances of more than 
2500 miles. 
The upper limit of frequency for sporadic-E 

skip is not positively known, but scattered 
instances of 144-Mc. propagation over dis-
tances in excess of 1000 miles indicate that 
E-layer reflection, possibly aided by tropo-
spheric effects, may be responsible. 

urora Effect: Low-frequency communication 
is occasionally wiped out by absorption in the 
ionosphere, %Olen ionospheric storms, associated 
with variations in the earth's magnetic field, oc-
cur. During such disturbances, however. v.h.f. 
signals may he reflected back to earth, making 
communication possible over distances not nor-
mally workable in the v.h.f. range. Magnetic 
storms may be accompanied by an aurora-borealis 
display, if the disturbance occurs at night and 
visibility is good. Aiming a directional array at 

the auroral curtain will bring in signals strongest, 
regardless of the true direction to the transmit-
ting station. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a "dribbling" 
sound to 28-Me. carriers and may render 
modulation on 50- and 144-Mc, signals com-
pletely unreadable. The only satisfactory 
means of communication then becomes straight 
c.w. The effect may be noticeable on signals 
from any distance other than purely local, 
and stations up to about 1000 miles in any 
direction may he worked at the peak of the 
disturbance. Unlike the two methods of prop-
agation previously described, aurora effect 
exhibits no skip zone. It is observed fre-
quently on 50 and 144 Me. in northeastern 
U. S. A., usually in the early evening hours or 
after midnight. The highest frequency for auroral 
reflection is not yet known, but pronounced dis-
turbances have permitted work by this medium 
in the 220-Mc. band. 

7'ropospherie Bending: The most common 
form of v.h.f. DX is the extension of the normal 
opera t ing range associated with easily observed 
weather phenomena. It is the result of the change 
in refractive index of the atmosphere at the 
boundary between air masses of differing tem-
perature and humidity characteristics. Such air-
mass boundaries usually lie along the western 
or southern edges of a stable slow-moving area 
of high barometric pressure (fair, calm weather) 
in the period prior to the arrival of a storm. 
A typical upper-air sounding showing tem-

perature and water-vapor gradients favorable 
to v.h.f. DX is shown in Fig. 15-6. An increase 
in temperature and a sharp drop in water-vapor 

395 



15-WAVE PROPAGATION 
gradient are seen at, about 4000 feet, in com-
parison to the U. S. Standard Atmosphere curves 
at the left. 
Such a favorable condition develops most often 

in the late sununer or early fall, along the junc-
tion between air masses that may have come 
together from such widely separated points as 
the Gulf of Mexico and Northern Canada. Under 
stable weather conditions the two air masses 
may retain their original character for several 
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wave range, and there is good evidence to indicate 
that our assignments in the u.h.f. and s.h.f. por-
tions of the frequency spectrum may someday 
support communication over distances far in 
excess of the optical range. 

Scatter: Forward scatter, both ionospheric and 
tropospheric, may be used for marginal com-
munication in the v.h.f. bands. Both provide 
very weak but consistent signals over distances 
that were once thought impossible on frequencies 
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Fig. 15-5—Upper-air conditions that produce extended-range communication on the v.h.f. bands. At the left is shown 
the U. S. Standard Atmesphere temperature curve. The humidity curve (dotted) is that which would result if the relative 
humidity were 70 per cent from the ground level to 12,000 feet eleVation. There is only slight refraction under this 
standard condition. At the right is shown a sounding that is typical of marked refraction of v.h.f. waves. Figures in paren-
theses are the "mixing ratio"—grams of water vapor per kilogram of dry air. Note the sharp break in both curves at 

about 4000 feet. ( From Collier, "Upper-Air Conditions for 2-Meter DX," OST, September, 1955J 

days at a time, usually moving slowly eastward 
across the country. When the path between two 
v.h.f. stations separated by fifty to several hun-
dred miles lies along suds a boundary, signal 
levels run far above the average value. 
Many factors other than air-mass movement 

of a continental character provide increased 
v.h.f. operating range. The convection along 
coastal areas in warm weather is a good example. 
The rapid cooling of the earth after a hot day in 
summer, with the air aloft cooling more slowly, is 
another, producing a rise in signal strength in 
the period around sundown. The early morning 
hours, when the sun heats the air aloft, before 
the temperature of the earth's surface begins 
to rise, may be the best of the day for extended 
v.h.f, range, part icularly in clear, calm weather, 
when the batantlet 1.r is high inul the humidity low. 
The v.h.f. enthusiast soon learns to correlate 

various weal Iii manifestations with radio-
propagat ion pli tiometut. By watching tempera-
ture, baromet rie is 55111e, changing eloud forma-
tions, wind (final i))11, visibility, and other easily-
observed weather signs, he can tell with a 
reasonable degree of accuracy what is in prospect 
on the v.h.f. bands. 
The responsiveness of radio waves to vary-

ing weather conditions increases wills fre-
quency. The 50- Mc. hand is more sensitive to 
weather variations t ha n k t lie 28- Me. hand, ; ind 
the 144-Mc. hand nay show strong signals from 
far beyond visual ilistances when lower frequen-
vies are relatively inactive. It is probable that 
this tendency continues on up through the micro-

higher than about 30 Me. 
Tropospheric scatter is prevalent, all through 

the v.h.f. and microwave regions, and is usable 
over distances up to about 400 miles. Iono-
spheric scatter, augmented by meteor bursts, 
brings in signals over 600 to 1:300 miles, on fre-
quencies up to about 100 Mc. Either form of 
scatter requires high power, large antennas and 
c.w. technique to provide effective eommunica-
tion. 
Back scatter, of the type heard on lower bands, 

is also heard occasionally on 50 Mc., when le2 or 
sporadic-E skip is present. 

Reflections front Meteor Trails: Probably the 
least-known means of v.h.f. wave propagation is 
that resulting from the passage of meteors across 
the signal path. Reflections from the ionized me-
teor trails may be noted as a Doppler-effect whis-
tle on the carrier of a signal already being re-
ceived, or they may cause bursts of reception 
from stations not normally receivable. Ordiiiarily 
such reflections are of little value in communica-
tion, since the increases in signal strength are of 
short duration, but meteor showers of consider-
able magnitude and duration may provide flut-
tery signals from distances up to 1500 miles or 
more on both 50 and 144 Mc. 

As ineteinqiurst signals are relatively weak, 
their deteet it in is greatly :tided if bight power and 
high-gain oil huas are used. TWO-Way M11111111-

i011 oh suris has burn ,arried on by this 
meditun on 50 : old 144 Me. over , list,in,es of 600 
to 13(X) hules. t } trough the use of super' u. iv. trans-
missions and frequent repetition. 
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CHAPTER 16 

V.H.F. Receivers 
Good receiving facilities are all-important in 

v.h.f. work. High sensitivity, adequate stability 
and good signal-to-noise ratio, necessary attri-
butes in a receiving system for 50 Mc. and 
higher frequencies, are most readily attained 
through the use of a converter working into a 
communications receiver designed for lower fre-
quencies. Though receivers and converters for 
the v.h.f. bands are available on the amateur 
market, the amateur worker can build his own 
with fully as good results, usually at a con-
siderable saving in cost. 

Basically, modern v.h.f. receiving equipment 
is little different from that employed on lower 
frequencies. The same order of selectivity may 
be used on all amateur frequencies up to at least 
450 Mc. The greatest practical selectivity should 
be employed in v.h.f. reception, as it not only 
allows more stations to operate in a given band, 
but is an important factor in improving the 
signal-to-noise ratio. The effective sensitivity of 
a receiver having " communication" select ivitv 
can be made much better than is possible with 
broadband systems. 

This rules out converted radar-type receivers 
and others using high intermediate frequencies. 
The superregenerative receiver, a shnple but 
broadband device that was popular in the early 
days of v.h.f. work, is now used principally for 
portable operation, or for other applications 
where high sensitivity and selectivity are not of 
prime importance. It is capable of surprising 
performance, for a given number of tubes and 
components, but its lack of selectivity, its poor 
signal-to-noise ratio, and its tendency to radiate 
a strong interfering signal have eliminated the 
superregenerator as a fixed-station receiver in 
areas where there is appreciable v.h.f. activity. 

11 R. F. AMPLIFIER DESIGN 
The noise generated within the receiver itself 

is an important factor in the effectiveness of 
v.h.f. receiving gear. At lower frequencies, and 
to a considerable extent on 50 Mc., external 
noise is a limiting factor. At 144 Mc. and higher 
the receiver noise figure, gain and selectivity 
determine the ability of the system to respond 
to weak signals. Proper selection of r.f. amplifier 
tubes and appropriate circuit design aimed at 
low noise figure are more important in the v.h.f. 
receiver " front end" timan mere gain. 

Triode or Pentode? 

Certain triode tubes have been developed 
with t his end in view. Their superiority over 

lode types is more pronounced as we go 

higher in frequency. Because of the limitation on 
sensitivity imposed by external noise at that 
frequency, triode or pentode r.f. amplifiers give 
about the same results at 50 Mc. Thus the pen-
tode types, which offer the advantages of better 
selectivity and simpler circuitry, are often used 
for 50-Mc. work. But at 144 Mc., the newer 
triodes designed for r.f. amplifier service give 
fully as much gain as the pentodes, and with 
lower internal noise. With the exception of the 
simplest unit, the equipment described in the 
following pages incorporates low-noise r.f. ampli-
fier techniques. 

Neutralizing Methods 

When triodes are used as r.f. amplifiers some 
form of neutralization of the grid-plate capac-
itance is required. This can be capacitive, as is 
commonly used in transmitting applications, 
or inductive. The alternative to neutralization 
is the use of grounded-grid technique. Circuits 
for v.h.f. triode r.f. amplifier stages are given in 
Figs. 16-1 through 16-4. 
A dual triode operated as a neutralized 

push-pull amplifier is shown at 16-1. This ar-

Fig. 16-1 —Schematic diagram of a push-pull r.f. amplifier 
for v.h.f. applications. This circuit is well-suited to use with 
antenna systems having balanced lines. Coil and capacitor 
values not given depend on the frequency at which the 
amplifier is to be used. Neutralizing capacitance, CN, may 
be built up by twisting ends of insulated leads together. 

rangement is well adapted to v.h.f. preampli-
fier applications, or as the first stage in a 
converter, particularly when a balanced trans-
mission line such as the popular 300-ohm 
Twin-Lead is used. It is relatively selective 
and may require resistive loading of the plate 
circuit, when used as a preamplifier. The load-
ing effect of the following circuit may be suffi-
cient to give the required band width, when the 
push-pull stage is inductively coupled to the 
mixer. 
A triode amplifier having excellent noise figure 

and broadband characteristics is shown in Fig. 
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Fig. 16-2—Circuit of the cascode r.f. amplifier. Coupling 
capacitor, CI, may be omitted if spurious receiver re-
sponses are not a problem. Neutralizing winding, L14 
should resonate at the signal frequency with the grid. 
plate capacitance of the first tube. Base connections are 
for 417A and 6A14, but other small triodes may be used. 

16-2. Commonly called the cascode, it uses a 
triode or triode.-eonnected pentode followed by 
a trioth• grounded-grid stage. This circuit is 
extremely stable and uneritieal in adjustment. 
At 50 Me. and higher its over-all gain is at least 
equal to the best single-stage pentode amplifier 
istal its noise figure is far lower. 

Neutralization is accomplished by the coil 
Ls, whose value is sueli Heat it resonates at the 
signal frequeney with the grid-plate capacitance 
of the tube. Its inductance is not critical; it 
may be emit ted frt an the circuit wit hout the stage 
going into oscillation, but neutralization results 
in a Itnyer noise figure than is possible without it. 
Any of several v.h.f. tubes may be used in the 

/I le circuit. The example shown in Fig. 16-2 
use,. t he 417A, followed by a 6A.I4. Two 6A.I4s 
would work almost equally well, as would the 

6.-1N4 and 613C1. Pin connections in Fig. 
16-2 should be changed to suit the tubes selected. 
A simplified version of the cascode, using a 

dual tritede tube designed especially for this 
applivation, is shown in Fig. 16-3. By reducing 
stray capacitance, through direct coupling be-
tween the tivi triode sections, this circuit makes 
for itm tr, eyed performance at the frequencies 
above 100 Me. The two sections of the tube are 
its series, as far as plate voltage is concerned, so 
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Fig. 16-3—Simplified cascade circuit for use with dual 
triodes having separate cathodes. Coil and capacitance 
values not given depend on frequency. Bifilar r.f. chokes 

are occasionally used in heater leads. 

it requires higher voltage than the other circuits 
shown. 

neutralization process for the cascode 
and neutralized-triode amplifiers is somewhat 
similar. Wit 11 the circuit operating normally the 
neutralizing adjustments (capacitance of ('N in 
Fig. 16-1; inductance of LN in Figs. 16-2 and 
16-3) can be set for best signal-to-noise ratio. 
l'he best results are obtained using a noise 
generator, adjusting for lowest noise figure, but 
careful adjustment on a weak signal provides a 
fair approximation. Noise generators and their 
use its v.h.f. receiver adjustment are treated in 
July, 1953, (MT, p. 10, and in this Handbook, 
Chapter 21. 

Grounded-grid r.f. amplifier technique is il-
lustrated in Figs. 16-4 and 16-14. Here the input 
is its the cathode lead, with the grid of the tube 
grounded, to act as a shield between cathode and 
plate. The grounded-grid circuit is stable and 
easily adjusted, and is well adapted to broadband 
applications. The gain per stage is low, so that 
two or more stages may be required. 
Tubes well-suited to grounded-grid amplifier 

service include the 6J4, 6AN4, 6AJ4, 6ANI4, 
6QC-1, 417A and 416B. Disk-seal tubes such as 
the " lighthouse" and " pencil tube" types are 
often used as ri. amplifiers above 500 Mc., and 
the new ceramic tubes show great possibilities 
for r.f. amplifier service in the u.h.f. range. 
Great care should be used its adjusting the r.f. 

portion of a v.h.f. receiver, whatever circuit is 
used. If it is working properly it will control the 
noise figure of the entire system. 

Reducing Spurious Responses 

In areas where there is a high level of v.h.f. 
activity or extensive use of other frequencies itt 
the v.h.f. range, the ability of the reet.iyer to 
operate properly its the presence of strong signals 
may be ais important consithtration. Special tube 
types, otherwise similar to ohler numbers, have 
been developed for low overload and eross-
modulation susceptibility. The 6BC8, which may 
be used as a replacement for the 6B(17A or 6BZ7, 
is one of these. 

Modification of the converter design eats also 
improve performance in these respects. In gen-
eral, the gain ahead of the mixer stage should be 
made no more than is necessary to achieve good 
noise figure characteristics. 'Ilse plate voltage on 
the r.f. amplifier should be kept as high as prac-
tical, to prevent easy overloading. 

Itejt•etion of signals outside the desired fre-
quency range can be improved by the use of 
high-Q tuned circuits ahead of the first r.f. ampli-
fier stage. Television transmitters are particu-
larly troublesome its this respect, and one or more 
coaxial-type circuits inserted its the lead from the 
antenna to the converter may be necessary to 
keep suds signals from interfering with normal 
recel t ion. 
A common cause of unwanted signals appear-

ing in the tuning range is the presence of oscillator 
harmonics its the energy being fed to the mixer of 
a crystal-controlled converter. This may be pre-
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Fig. 16-4—Grounded-grid amplifier. Position of tap on plate coil should 
be adjusted for lowest noise figure. Low gain with this circuit makes two 
stages necessary for most applications. R.f. choke and coil values depend 

on frequency. 

vented by using a high oscillator frequency, to 
keep down the number of multiplications, and by 
shielding t he oscillator and multiplier stages from 
the rest of the converter. 

Signals at the intermediate frequency may ride 
through a converter. This ut el be prevented by 
keeping down capacitive interstage coupling in 
the r.f. circuitry, ; old by shielding the converter 
and the receiver antenna terminals. The problem 
of receiver responses is dealt with in QST for 
April, 1955, p. 56, and February, 1958, p. 27. 

• MIXER CIRCUITS 
The mixer in a v.h.f. converter may be either 

a pentode or a triode tube. Pentodes give gen-
erally higher output, and may require less injec-
tion. When used without a preceding r.f. amplifier 
stage, the triode mixer may provide a better 
noise figure. With either tube, the grid circuit is 
tuned to the signal frequency, and the plate 
circuit to the intermediate frequency. 
A simple triode mixer is shown in Fig. 

16-5A, with a pentode mixer at B. A dual-triode 
version (push-push mixer) is shown at C. The 
push-push mixer is well adapted to use at 420 
Mc., and may, of course, be used at any lower 
frequency. Dual tubes may be used as both mixer 
and oscillator, combining the circuits of Figs. 
16-5 and 16-6. A 6U8 could use its pentode as a 
mixer ( 16-5B) and the oscillator portion ( 16-6A) 
would be a triode. Dual-triode tubes (6J6, 12AT7 
and many others) would combine 16-5A and 
16-6A. In dual triodes having separate cathodes 
some external coupling may be required, but the 
common cathode of the 6.16 will provide sufficient 
injection in most cases. If the injection is more 
than necessary it can be reduced by dropping the 
oscillator plate voltage, either directly or by 
increasing the value of the dropping resistor. 
A pentode mixer is less subject to oscillator 

pulling than a triode, and it will probably require 
less injection voltage. In a pentode mixer with no 
r.f. amplifier, plate current should be held to the 
lowest usable value, to reduce tube noise. This 
may be controlled by varying the mixer screen 

voltage. When a good r.f. amplifier 
is used the mixer plate current may 
be run higher, for better operation 
with strong signals. 

Occasionally oscillation near the 
signal frequelicy may be encountered 
in V.h.f. mixers. This usually results 
from stray lead inductance in the 
mixer plate cinuit, and is most com-
mon with triode mixers. It may be 
corrected by connecting a stnall ca-
pacitance from plate to cathode, di-
rectly at the tube socket. Ten to 25 
µµf. will be sufficient, depending on 
the signal frequency. 

• OSCILLATOR STABILITY 
When a high-selectivit y i.f. system 

is employed in v.h.f. reception, t he stability of the 
oscillator is extremely important. Slight varia-
tions in oscillator frequency that would not be 
noticed when a broadband i.f. amplifier is used 
become intolerable when the passband is re-
duced to crystal-filter pr iii Irthuts. 
One satisfactory solution to this problem is 

the use of a crystal-controlled oscillator, with 
frequency multipliers if needed, to supply the 
injection voltage. Such a converter usually 
employs one or more broadband r.f. amplifier 
stages, and tuning is done by tuning the receiver 
wit h which the converter is used to cover the de-
sired intermediate frequency range. 

+100V. 

I.F OUTPUT 

A 

+100V. 

Fig. 16-5—Typical v.h.f. mixer circuits for triode (A), 
pentode (B) and push-push triode (C). Circuits A and B 
may be used with one portion of various dual-purpose 
tubes. Plate current of pentode (B) should be held at 

lowest usable value if no r.f. stage is used. 
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Fig. 16-6—Recommended oscil-
lator circuits for tunable v.h.f. 
converters. Dual-triode-version ( 8) 
is recommended for 220 or 420 
Mc. R.f. choke coil and capacitor 
values not given depend on 

frequency. 

1000 

+100V 

(A) 

When a tunable oscillator and a fixed inter-
mediate frequency are used, special attention 
must be paid to titi i oscillator design, to be sure 
that it is mechanically and electrically stable. 
The tuning capacitor should be solidly built, 
preferably of the double-bearing type. Split-
stator capacitors specifically designed for v.h.f. 
service, usually having ball-bearing end plates 
and special construction to insure short leads, 
are well worth their extra cost. Leads should 
be made with stiff wire, to reduce vibration 
effects. Mechanical stability of air-wound coils 
can be improved by tying the turns together 
with narrow strips of household cement at several 
points. 
Recommended oscillator circuits for v.h.f. 

work are shown in Fig. 16-6. The single-ended 
oscillator may be used for 50 or 144 Mc. with 
good results. The push-pull version is recom-
mended for higher frequencies WI( I may also be 
used on the two lower bands, as well. Circuit 
A works well with almost any small triode, or 
one half of a 6J6 or 12AT7.. The 6.16 is well 
suited to push-pull applications, as shown in 
circuit 16-6B. 

• THE I.F. AMPLIFIER 
Superheterodyne receivers for 50 Mc. and 

up should have fairly Itigh in fre-
quencies, to reduce both oscillator pulling and 
image response. Approximately 10 per cent of 
the signal frequency is commonly used, with 
10.7 M. being set up as the standard i.f. for 

f.m. receivers. This partieular 
frequency has a disadvantage for 50-Mc, work, 
in that it makes the receiver subject to image 
response from 28-Me, signals, if the oscillator is 
on the low side of the signal frequency. A spot 
around 7 Me. is favored for amateur converter 
service, as practically all communications re-
ceivers are capable of tuning this range. 

For selectivity with a reasonable number of 
i.f. stages, double conversion is usually em-
ployed in cotnplete reveiviirs for the v.h.f. range. 
A 7-Mc. intermediate frequency, for instance, 
is changed to 455 kc., by the addition of a second 
mixer-oscillator. This procedure is, of course, 
inherent in the use of a v.h.f, converter ahead of a 
communications receiver. 

If the receiver so used is lacking in sensitivity, 
the over-all gain of the converter-receiver com-
bination may be inadequate. This can be cor-
rected by building an i.f. amplifier stage into 
the converter itself. Such a stage is useful even 
when the gain of the system is adequate without 
it, as the gain control can be used to 1;éteiiiiit 
operation of the converter with recejvers of 

6.16 

1000 

+100K (8 ) 6.314 

RFC 

widely different performance. If the receiver has 
an S-meter, its ailjustment may be left in the 
posit 1011 used for lower frequenries, and the 
converter gain set so as to make the meter read 
normally on v.h.f. signals. 
Where reception of wide-band f.m. or unstable 

signals of modulated oscillators is desired, a con-
verter may be used ahead of an f.m. broadcast 
receiver. A superregenerative detector operating 
at the intermediate frequency, with or without 
additional i.f. amplifier stages, also may serve as 
an i.f. and detector system for reception of wide-
band signals. By using a high i.f. ( 10 to 30 Me. or 
so) and by resistive loading of the i.f. transform-
ers, almost any desired degree of bandwidth 
can be secured, providing good voice quality on 
all but the most unstable signals. Any of these 
methods may be used for reception in t lie micro-
wave region, where stabilized transmission is ex-
tremely difficult at the current statu of the art. 

• THE SUPERREGENERATIVE 
RECEIVER 

The simplest type of v.h.f. receiver is the 
superregenerator. It affords fair sensitivity with 
few tubes and elementary circuits, but its weak-
nesses, listed earlier, have relegated it to applica-
tions where small si YA' al111 low power eonsumptiim 
are importa nt mnsiderat ions. 

Its sensit ivity results from the use of an alter-
nating quenehing voltage, usually in the range 
between 20 and 200 ke., to interrupt the normal 
oscillation Of a regenerative detector. The re-
generation can thus be increased far beyond the 
amount usable ill a straight regenerative circuit.. 

RFC 

-111 
SO K 

Fig. 16-7—Superregenerative detector circuit for self-
quenched detector. Pentode tube may be used, varying 
screen voltage by means of the potentiometer to control 

regeneration. 

The detector itself can be made to furnish the 
quenching voltage, or a separate oscillator tube 
can be used. Regeneration is usually controlled 
by varying the plate voltage in triode detectors, 
or the screen voltage in the case of pentodes. A 
typical circuit is shown in Fig. 16-7. 
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Crystal-Controlled Converters 

Crystal-Ccntrolled Converters for 50. 

144 and 220 Mc. 

The three converter- rid their power supply, 
shown below, were ( eigtied to meet the special 
requirements of each of the v.h.f. bands, insofar 
as possible. They offer high stability and reason-
ably low noise figure, and special attention was 
paid to the reduction of spurious responses, par-
ticularly in the converters for 5() and 220 Mc. 
Each unit plugs into the power supply, which 
also includes the i.f. output circuitry. Anyone 
interested in one or two of the bands can thus 
build for his own purposes and omit the other 
band or hands. The i.f. tuning range is 7 to 11 
Mc. for 50- and 144-Mc. coverage, and 7-12 Mc. 
for the 220- Me. band. 

e THE 50-MC. CONVERTER 
A pentode r.f. amplifier ,• tage is used in the 

50-Mc. converter, Figs. 16-9 and 16-10. With 
proper design and adjustment such a stage will 
have a noise figure sufficiently low that it will 
respond to the weakest signals that can be heard 
with other and more complex stages. The tube 
shown is a 6CI36, but other pentodes such as the 
6AK5 may be substituted. 
A gain control is included in the cathode cir-

cuit. Normally this is run all-out, for optimum 
noise figure and gain, but in the presence of 
strong local signals it can be cut in to reduce 
overloading. This causes some impairment of the 
noise figure, but may still make possible recep-
tion of distant signa Is through the locals. 

Note the double-t tined coupling circuits in the 
r.f. input and bet wuen the r.f. amplifier and the 
mixer. The capacitors CI and C2 are kept as small 
as possible, and the coils are not coupled together 
otherwise. A value of 1 to 2 puf. gives sufficient 
coupling at the desired frequency, but the sys-
tem responds only very slightly to lower fre-
quencies. This helps to prevent interference 
from signals on the intermediate frequency. 
The mixer is also a 6CB6. Its operating condi-

tions are set up for resistance to overloading and 
cross-modulation from strong signals, rather than 
for optimum noise figure, as the latter is taken 
care of by the r.f. amplifier. Note that the plate 
circuit of the mixer is omitted from the con-
verters. It is built into the power unit, and thus 
only one coil need be made for all the converters. 
The oscillator is a 6AF4 triode. Any other 

small triode could be substituted. Input is held 
to a low level (note 47,000-ohm resistor in series 
with L7 , ill the interest of stability. The oscillator 
circuitry is isolated from the rest of the con-
verter. so that injection can be controlled readily. 
Energy from the oscillator is carried to the mixer 
grid circuit through a shielded link. 

Mechanical Features 

Emil converter is built on a flat plate, which 
screws onto a standard aluminum chassis. Con-

nection to the power unit is made through a 
4-pin plug mounted on the side of the case. This 
carries the heater voltage, the plate voltage, the 
mixer plate lead and the common chassis con-
nection. The plug on the converter is the male 
type. It may be fastened to the chassis con-
veniently by soldering 4-40 nuts to the back of 
the flanges used for mounting the plug. Flat-head 
machine screws in countersunk holes, in both the 
converter and the power supply unit allow the 
two to fit snugly together. This is important in 
preventing pickup of signals in the i.f. range. 

In the bottom view, Fig. 16-9, the antenna 
connector is seen at the lower right. Just to the 
left, separated by a small shield, are the two r.f. 
coils, L1 and L2. The coupling capacitor, C1, made 
of two wires twisted together, is on the low side 
of the shield, its lead to L2 running through a 
hole in the shield. 
The lead from L2 to the amplifier grid pin runs 

through the main lengthwise shield. This lead 
was made of shielded wire, with the shielding 
removed from the part of the lead that is in the 
coil compartment. The portion of the wire in the 
tube compartment must be shielded to prevent 
feedback between the plate coil, L3, and the grid 
circuit. The coupling capacitor, C2, the gain 
control, the plate coil and all other amplifier 
components are in this section, upper right. 

Mixer components are at the upper left, with 
the oscillator section below. The coupling link 
between L5 and L6 is made of shielded wire, 
running through the main shield partition. 
The leads from the mixer to the plug, J2, and 

all power leads, are made with shielded wire. The 
common connection for ground and heater lead is 
the shielding over the () t ¡ IP'. three wires. These 
leads should be long enough so that the converter 
can be lifted from the box without removing the 
plug. A length of vinyl sleeving slipped over the 
leads will help to prevent shorts. Transparent 
sleeving was used, so it does not show in the 

Fig. 16-8— Converters for the three v.h.f. bands, with 
their power supply and i.f. output unit. The 220-Mc. 
converter is shown plugged into the power unit. At the 
left is the 50-Mc. converter. The one for 144 Mc. is at 

the right. 
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Fig. 16-9—Bottom view of the 50-Mc. converter. R.f. 
input circuit is at the lower right, with the amplifier itself 
above. Crystal oscillator components at lower left; mixer 

and output cable above. 

photographs. 
The main shielil is 6 by I I inches in size, 

with a !.;-inch lip folded over fur mounting to the 
plate. 'rhe t WI) shieli is perpendicular to it are 1% 
by 11e,i4 inches, u it h lips folded over on the bot-
tom and one ('Sill. The isolation shield between the 
i. f. coils is 1 h by 11)!1 6 inches, and is mounte(l 
'h inch in from the lower edge of the cross shield. 
The placing of the parts otherwise is not par-

ticularly dit irai. except that bypass capacitors 
should be ronnected with the shortest possible 
leads. Use of t he smallest size disk ceramic type 
is rerommentied. 

Adjustment 

Tuning up the converter is a simple malter. 
Check the wiring to be sure that no errors have 
been made. Apply a.c. and see if all heaters conte 
on. Then apply plate voltage by closing S2 on the 
power supply unit. If the converter output is 
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16 - V.H.F. RECEIVERS 

connected to a communications receiver tuned to 
the 7-Mc. range there should be a considerable 
increase in noise :IS plate voltage is applied, even 
with circuits out of tune. 

First check till iseillator. This can be ( lotte by 
listening in the 13-.1c. range, if a receiver is 
available for that frequency, or a grid-dip meter 
may be used as a wavemeter. Output should 
appear on 43 Mc., and on that frequency only. 
Adjust L7 for maximum output indication, with 
the grid-dip coil coupled to L7. Cheek around 
14.3 and 28.6 Mc. to be sure that no output is in 
evidence on these frequencies. Should there be 
energy on these frequencies it means that the 
crystal is oscillating on its fundamental fre-
quency and slanting output on its various har-
numies. Oscillatiim on the fundament:11 indicates 
that the plate circuit is not priperly t tined. 

If the converter is wired correctly it should 
now be possible to receive strong signals, even 
before the circuits have been resonated. A cali-
brated signal generator is helpful, but it. is by no 
means necessary. A test signal should be fed into 
the antenna connector and the core screws in all 
coils adjusted for maximum signal strength. 
The response of the converter will not be flat 

across the entire -1000 ke. of the 50-Mc, band, but 
it will work over a wider frequency range than 
most directive antenna systems. The setting of 
the cores in L3 :lad Lel can in yarieil to give uni-
form response across the desireil Hiss band. The 
input circuit should be aÁljusted for hest, signal-
to-noise ratio at the middle of the desired fre-
qtatney range. 
The value of the small coupling capacitors, CI 

and C2, will have some effect on the bandwidth 
of the r.f. portion of the converter. Few directive 
antennas will work over more than about 1500 

MIXER 

-1-

6 

1001 

c 
TO 

HEATERS 

Fig. 16-10—Schematic diagram of the 50-Mc. converter. Capacitors are ceramic; values .001 and up are in pf. Resistors 
1/2 -watt unless specified. 

CI, C2—Approx. 1 to 2 ;;;;f. Make from two pieces of Li—Some as La, but 9 turns. 
plastic- covered No. 18 wire twisted together 1.5-2 turns insulated hookuF wire at low end of Lt. 
about 1 inch. I6—Same as L, but at low end of L7. 

C3- 10-µµf. ceramic. Connect at plate terminal. 17—Same as L , but 16 turns. 
LI, la, L1-1 l turns No. 24 enam. at top end of 1/4-inch 11—Coaxial connector, female. 

iron-slug form (North Hills Type F-1000). Li .12-4- pin power connector, male. Must mount flush with 
topped at 3 turns, chassis surface. 
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144-Mc. Converter 

kc. of the band, so there is seldom much point in 
making the front end of the converter broader 
than this. If optimum performance is needed at 
the opposite end of the band it is merely neces-
sary to repeak the core studs for best results at 
the desired frequency. Adjustment of the i.f. coil 
in the power unit also affects the bandwidth. It 
can be peaked somewhat above the middle of the 
tuning range if it is desired to extend the coverage 
of the converter-antenna combination. 
When the converter is tuned for best results it 

may be desirable to check the oscillator injection. 
This is best done with the aid of a noise generator, 
though a signal generator or weak signals may 
be used if care is taken to observe optimum signal-
to-noise ratio, rather than mere gain. The value 
of the dropping resistor in series with L7 can be 
varied, the idea being to use the highest value 
that will not affect the signal-to-noise ratio 
adversely. 
A simple cheek on performance that can be 

made in a location free of manmade noise is as 
follows: Connect a 50-ohm resistor in place of the 
antenna coax. Observe the noise level, either by 
ear or as indicated on an output meter or the 
receiver 8-meter. Now put the antenna back on. 
If the r.f. stage is free of regeneration, a rise in 
noise level when the antenna is connected shows 
that external noise can be heard. This noise is the 
limiting factor in weak-signal reception, and 
further reduction in receiver noise figure will 
serve no useful purpose. 

• THE 144-MC. CONVERTER 

In the converter for 144 Mc., Figs. 16-11 and 
16-12, triode r.f. amplifiers are used, as they give 
better noise figure than pen tmles at this frequency 
and higher. The tubes shown are 6BC4s, but 
comparable results can be achieved with the 
6AJ4, 6A.M4 or 6AN4, with the necessary revi-
sion of the pin connections. Noise figure obtain-
able with any of t hese tubes is about 5 db., which 
is about the level at which external noise begins 
to limit receiver sensitivity. A noise figure of 
3 db. or lower can be had with 417As, or even one 
417A and one less expensive tube, but there may 
be no observable difference in weak-signal 
performance. 
The cascode circuit (see beginning of chapter) 

is used, with the circuit of Fig. 16-2 in preference 
to that of 16-3. The latter, operating at lower 
plate voltage per stage, may be slightly more 
susceptible to overloading. The 6CB6 mixer is 
also operated under conditions designed to keep 
down overloading and cross-modulation troubles. 
The crystal oscillator is operated at the highest 

frequency that is possible with simple circuitry. 
This holds down the number of unwanted fre-
quencies appearing in the multiplier output, 
which could beat in signals from outside the in-
tended frequency range. The crystal oscillates on 
45.667 Me., using the triode portion of a 6U8. 
The pentode portion is a tripler to 137 Mc. 
The oscillator-tripler portion is isolated from 

the rest of the converter by a copper shield run-
ning down the middle of the 5 by 5-inch plate. 

The grid circuit of the first r.f. amplifier stage is 
adjacent to the tripler, but is as far away from it 
as possible, and the coils are positioned for mini-
mum coupling. The lower section of the con-
verter, as shown in Fig. 16-11, is the portion in 
question, the antenna connection and grid coil 
being at the lower right. 
Above the shield may be seen the first r.f. 

stage, right, the second stage, with a shield down 
through the middle of its socket, center, and the 
mixer at the far left. To provide effective isola-
tion and bypassing, feed-through capacitors are 
mounted in the copper shield to carry power 
leads from one compartment to the other. Three 
are used for the B-plus line and two for the 
heater leads. 
RI. circuits and the tripler plate circuit are 

tuned by means of small TV-type trimmers. Four 
of these are shown in the photograph, but the 
one that is connected to the first r.f. plate coil, 
L3, may be omitted, as the circuit tunes very 
broadly. The r.f. plate coil, L4, and the mixer 
grid coil. L5, are inch apart, center to center. 
Coupling between the two stages is mainly 
through the twisted-wire capacitor, Cm. The r.f. 
input coil, LI, is connected to the grid pin of the 
VI by a lead that runs through a !.,.;-inch hole in 
the shield. 
Both shields are made of flashing copper. The 

larger is e.¡ by 1% inches, with folded-over 
edges for mounting, and for rigidity. The smaller 
is 1 j•; by 1U inches. It is held in place by solder-
ing to lugs under the mounting screws of t he 
6BC4 socket. This shield turned out to be re-
quired to prevent oscillation in the grounded-grid 
stage. It crosses the middle of the tube socket. 

Connections for the power are made in the 
same manner as for the 50-Mc. converter, and 
leads should be long enough to permit removal 
of the converter from the box without unsolder-
ing any leads. The shields are bonded together 
and anchored to a lug bolted to the main shield, 
near the left end. 
Note that wafer-type sockets are used. This is 

fig. 16-11—Bottom view of the 144-Mc. converter. 
Crystal oscillator and tripler occupy lower left side of 
the assembly. Antenna input circuit is at the right. Above 
the partition, right to left, are the cathode trimmer, the 
first r.f. amplifier socket, the r.f. plate coil, the second 
amplifier socket, with shield across its center, the plate 

coil, mixer grid coil and mixer tube socket. 
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Fig. 16-12—Wiring diagram and parts information fo 

Cr, Ca-8-µµf. plastic trimmer (Erie No. 532-10). 
C4-3-30-gpf. mica trimmer. Set at tight position initially. 
C5, Cr., C7, C8, Co —500-µi.d. feed-through bypass 

(Centralab MFT-500). 
LI-41/2  turns No. 18 tinned, 1/4 -inch inside diam., 1/2  inch 

long, tapped at 11/2  turns. 
12-14 turns No. 24 enam., M6-inch diam., 1/2  inch long. 
La-5 turns No. 18 tinned, 1/4 -inch diam., 1/4  inch long. 
14-51/2  turns like £ 3. 
L5-31/2  turns like L. 

more than an economy measure; shorter ground 
leads are possible with this type of socket. Where 
socket terminals are to be grounded, they are 
bent down flush with the bottom of the plate. 
Then a hole is drilled adjacent to the lug and it 
can then be secured to the plate under a washer 
and nut. This method of grounding is superior, 
at these frequencies, to the more commonly used 
lead-and-lug arrangement. 

Adjustment 

The first step in putting the 144-Mc, converter 
into service is to be sure that the oscillator is 
working correctly, as described in connection 
with the 50-Mc. converter. This may be done 
with the plate and screen voltages disconnected 
from the pentode portion of the 6US, if desired, 
by lifting tripler plate coil and the screen resistor 
from the B-plus line temporarily. Be sure that 
the oscillator is on the right frequency, and no 
other, as described earlier. 
Now connect the tripler plate coil and screen 

resistor to the B-plus line and check the tuning 
of the tripler capacitor, C3. Set it for maximum 
output on 137 Mc., as indicated by a grid-dip 
meter coupled to L7. The output required from 
the tripler may be checked after the r.f. section 
is tuned properly. It may he controlled by vary-
ing the value of the sereen dropping resistor, 
which is 47,000 ohms in I he original. The tripler 
may be run at the lowest input that will give 
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r the 144-Mc. converter. Parts specified as in Fig. 16-10. 
L8-13 turns No. 24 enam. closewound on 1/4 -inch diam. 

won-slug form (North Hills F-1000). 
1.7-8 turns like La, 1/4  inch long. 

Ls- 1 turn insulated hookup wire between first two turns 
of £7. 

19—Some as L8, inserted in b.,. 
J1—Coaxial connector, female. 
.12-4-pin power connector, male. Must mount flush with 

surface of chassis. 

RECI, RFCr-1.8 µh. solenoid r.f. choke (Ohmite Z-1441. 

satisfactory signal-to-noise ratio. Above that 
point the injection is not critical. 
The r.f. circuits may now be adjusted. Set the 

trimmer, C4, across the r.f. cathode resistor, at 
maximum at first. Then on a test signal tune (71 
and C2 for maximum response. The spacing 
between the turns of the r.f. plate coils, L3 and 
L4, should also be adjusted for highest signal 
level. 

If a noise generator is available, it should be 
used to set up the r.f. input circuit, the induct,-
ance of the neutralizing coil, and the value of the 
cathode bypass, C4. If signals or a signal genera-
tor are used, the criterion should be greatest rise 
over noise for a given signal, rather than maxi-
mum S-meter reading or loudest volume. Adjust-
ment of the neutralizing coil, and setting of the 
cathode bypass value are all but impossible with-
out a noise generator. Lacking one, it is best to 
use a fixed bypass of about 100 µµf. for C4, and 
leave the neutralizing winding at the specification 
given in the eut label. Changes in the neutralizing 
coil affect the tuning of the grid circuit. Recheck 
the setting of C1 after altering L2. 

The coupling capacitor. ('in, is not critical, but 
for best rejection of if. signals it should be as 
low as will give satisfactory performance on 
144-Mc. signals. Insulated wires twisted together 
provide a convenient uoijitstnient method. 
As the band is nearly three times as high in 

frequency as the 50-Mc. band, there will be less 
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220-Mc. Converter 

difficulty in getting uniform response across the 
entire band. Tuning of the second r.f. and mixer 
circuits can be staggered to develop the desired 
bandwidth, and the value of C10 will have some 
effect on it as well. 

e THE 220-MC. CONVERTER 
In the converter for 220 Mc., Figs. 16-13 and 

16-14. an additional r.f. amplifier stage is used 
ahead of the cascode-and-mixer combination. 
This is required because the gain per stage is 
lower at this frequency. It is also desirable be-
cause of the added selectivity it affords. This may 
be very helpful in areas where interference from 
other services adjacent to the band may be 
bothersome. 
The additional stage is a grounded-grid ampli-

fier, using a modified coaxial-line plate circuit for 
high "Q" and selectivity. It is not a broadband 
device and must be retuned in covering the band. 
The tube shown is a 6ANI4. Similar results were 
achieved with the 6BC4, and nearly identical 
performance is possible with other u.h.f. triodes. 
The 417A and 416B should be superior. Noise 
figure is about 6 db. 
A series cascode using a 6BC8 dual triode fol-

lows. This type of amplifier is easily adjusted 
and tends to deliver superior results as the upper 
limit of frequency is approached. The mixer is a 
6AK5. Its output circuit is, of course, the coil 
assembly in the power unit. 
The r.f. amplifier is similar to the one described 

separately later in the chapter, except that the 
output is taken off through the bottom of the 
assembly, with a tuned link, instead of through 
a coaxial fitting on the side. In the diagram, Fig. 
16-14, the plate line and coupling loop are shown 
as if they were coils, it being cumbersome to 
express a trough-line circuit schematically. 

Fig. 16-13—Interior of 
the 220-Mc. converter. 
Bottom plate and par-
titions are of flashing 
copper, for effective 
grounding. Oscillator-
multiplier circuitry is at 
the left; mixer and cas-
code r.f. amplifier at 
the right. Grounded-
grid amplifier is above 

the chassis. 

Mechanical Details 

A somewhat different method of construction 
is employed in the 220-Mc, converter, in order to 
insure the most effective grounding and bypass-
ing. A plate of aluminum is used, as in the other 
converters, but only for appearance and rigidity. 
The plate used for actual electrical grounding is 
a sheet of flashing copper. Wafer sockets are 
used, and wherever a terminal is grounded it is 
bent down flat and soldered directly to the copper 
plate. This makes for less lead and more effective 
grounding than where socket mounting screws 
and lugs are used ground connections. It also 
allows shield partitions of copper to be soldered 
directly to the base plate. 
The 220-Mc, converter requires more space 

than the others, so a 7 by 9-inch chassis and 
plate are used. The lengthwise partition 1% by 
7 inches in size, after folding over % inch on each 
side for mounting and rigidity. The smaller is 1% 
by 4 inches. The large shield is centered on the 
plate 2% inches in from the long edge. The 
smaller is 414 inches in from the left edge. 
The oscillator is similar to the 144-Mc, unit, 

except that an air-wound coil and a variable ca-
pacitor are used instead of a slug-tuned coil. The 
pentode section of the 6U8 is a quadrupler to 
213 Mc. from a crystal frequency of 53.25 Mc. A 
series-tuned link feeds energy to the mixer grid 
circuit through a shielded-wire line. Oscillator-
multiplier components are in the left portion 
of Fig. 16-13. 
At the rightare the mixer ( upper socket) and the 

series cascode r.f. amplifier, below. Note that 
power wiring is made with shielded wire, laid 
close to the shields. Plate voltage is fed into the 
oscillator-multiplier and r.f.-mixer compartments 
on feed-through bypasses. Heater voltage for the 
r.f. amplifier goes through the plate on shielded 
wire at the lower left, and plate voltage at the 
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Fig. 16- 14— Schematic diagram and parts information for the 220-Mc. 
converter. 

liiwor right. The mica trimmer at the 
lower rigid is C2, in series with the low 
side of the coupling loop, L2. The 
other end of the loop comes out on a 
feed-through bushing, National Type 
Tilt. Its lead to L3 ¡S shielded wire, 
running through the part it ion. 

In working with flashing copper 
parts the metal work should be corn-
phit cd, up to the point where the parts 
are ready to assemble. The copper 
part s may then be polished with still 
wool and given a fine spray coat of 
clear lacquer. This will help to keep 
them clean and bright , zind it will not. 
affect the soldering operations to be 
done later. 

Adjustment 

The oscillat or and mull iplier st ages 
should lie adjusted as out lined for the 
other converters, making sure that the 

CC 

Ci- 5-1.42f. miniature variable (Hammar-
lund MAC-5). 

C2-3-30-µµf. mica trimmer. 
C3-20-muf. miniature variable (Hammar-

lund MAC-20). 
C4- 10-µµf. miniature variable (Hammar-

lund MAC- 10). 
CS — 7-45-µµf. ceramic trimmer (Centrolab 

822-BN). 
Cc, C7, Cs, C,-500-gpf. feed-through 

bypass (Centralab MFT 500). 
Li—Inner conductor of trough line-1/4 -inch 

copper tubing, 61/4  inches long, 
%-inch diam. CI connects 1% inches 
from plate end. See Fig. 16-22 and 
text. 

12—Coupling loop—insulated hookup wire 
3 inches long. Loop portion lays 
close to cold end of Li for 2 inches. 
Hot end comes through chassis on 
National Type TPB feed-through 
bushing. 

L3-3 turns No. 18 tinned, 1/4 -inch diam., 
% inch long, center-tapped. 

1.4-4 turn s like 1.3, 3/8 inch long. 
L3-81/2  turns like LI, sitt inch long, center-

tapped. 
16-2 turns insulated hookup wire at center 

of L5. 
L7-6 turns No. 20 tinned 1/2 -inch diam., 

1/2  inch long. ( B & W No. 3003). 
1.8-2 turns No. 18 tinned, %-inch diam., 

spaced % inch. 
I.9-2 turns insulated hookup wire between 

turns of Ls. 
11—Coaxial fitting, female. 
12-4-pin power connector, male. Must 

mount flush with surface of chassis. 
RFC!, RFC,, RFC3-18 turns No. 24 enam., 

close-wound, Vs-inch diam. 
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220-Mc. Converter 

correct frequencies are obtained. Next a signal 
may be fed into the 6BC8 stage through the 
shielded line to L3. This may be disconnected 
from L2 temporarily and coax-fed antenna or a 
50-ohm signal generator termination may he con-
nected across it. Now adjust the spacing of the 
turns in L3 and L5 for best performance. Maxi-
mum gain will be a good-enough indication here, 
so a noise generator is not needed. 
Now the 6AM-1 amplifier may be hooked up 

an*I umed. It will I m quite selective and will have 
to be retuned several times across the band. With 
the j)late toiling capacitor taiiped dinvo the line 
as it is, the tuning range in megacycles is not 
great. Be sure, therefore, that it ;' tua ly does 
tune the entire way, and does not hit maximum 
or minimum eapacitance inside the band. 
Adjustments may be made all along the line 

using maximum signal level as the basis for 
achieving the optimum setting, but only a noise 
generator will show if the converter is delivering 
the best sensitivity of which it is capable. It 
should be possible to get the noise figure down to 
about 6 db. using the 6AM4, if everything is 
working properly. 

If any doubt exists that the coils L3 and L5 are 
tuning properly, small twisted-wire eapacitiirs 
may be connected from the grid end of awl I he 
plate end of L5 to ground, and gradually in-
creased in value. If the gain drops when the 
raparitiir is connected, the C( dl is too large. If a 
small amount of added capacitance increases the 
gain, sqtteeze the coil turns closer tiwether and 
try again. The inductance of L4 should not be 
particularly critical. It should be as large as can 
be used without causing instability. 

Injection from the quadrupler may be con-
trolled by varying the position of either link 
winding, L• or L2, with respect to its coil, and by 
adjusting C5. Coupling should be increased until 

RECTIFIER 

e 

Fig. 16-15—Bottom view of the power supply and 
output circuitry for the v.h.f. converters. A.c. switch is 
above power transformer, right. Next are the filter 
capacitor and the rectifier socket. The switch at the lower 
left cuts off the high voltage. The i.f. plate coil and the 

output fitting are in the upper left of the picture. 

there is no improvement in signal to noise ratio. 
Injection beyond that point is not critical, 
though it will affect the overall gain somewhat. 
Fairly low injection is desirable as it will keep 
down the level of spurious responses. 

e POWER SUPPLY AND I.F. OUTPUT 

Though it may he Is issible to run a v.h.f. con-
verter from the power supply of the receiver 
wit h which it is to lie used, a supply for the con-
verters is desiralde. The one shown in Fig. 16-15 
111,1 16-16 is inexpensive and convenient. It de-
livers the heater and plate power required by the 
converters, and in addition carries the mixer 
plate circuit and the provision for coupling into 
the receiver. 

Construction is not critical. Parts are assem-
bled on a 5 by 7-inch plate and this fastens to a 
similarly sized chassis that matches the con-
verters. The 50- and 1-11-Mc, units plug into the 

Fig. 16-16—Schematic diagram of the converter power supply and i.f. output unit. Capacitors with polarity marked are 
electrolytic; others ceramic. 

CI, C2—Dual .005-0., 125 volts a.c. disk ceramic 
(Sprague 12.51-2D50). 

C3—.01-µf. disk ceramic. Mount at plug end of cable. 
Ri —50,000 ohms, 2 watts (2 100,000-ohm 1-watt 

resistors in parallel). 
—10-hy. 50-ma, filter choke. 

I.2—No. 28 enam. closewound 1/2  inch long on %-inch 
iron-slug form. Wind near upper end. 

11—Coaxial fitting, female. 

12-4-pin power connector, female. Must mount flush with 
surface of chassis. 

Si, S2—S.p.s.t. toggle switch. 

Ti —Power transformer, 480 v. a.c., c.t., 40 ma., 5 v. 

2 amp., 6.3 v. 2 amp. (Thordarson TS- 241200). 
Pi —A.c. plug on cord. 

• 
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power unit through matching fittings on the 
sides. The larger 220-Mc. converter has the plug 
mounted on the end wall of the chassis, so that 
it s 7-inelt dimension is aligned with that. of the 
supply. 

Arrangement of parts should be clear from the 
photographs. and parts location is in no way 
critical. Note that the a.c. connection is bypassed 
on both sides of the line. The capacitors C1 and 
C2 are a dual unit designed for this purpose. The 
bypass on the B-plus line, C3, should be at the 
plug end of the cable, with as short leads as pos-
sible. It is important in preventing pickup of 
signals in the i.f. tuning range, as are C1 and C2. 

Switches are provided for turning on the a.c., 
and for breaking the flow of plate current. This 
feature is helpful during adjustment when it may 
be desirable to remove the converter from its 
case. Plate voltage may be cut off for safety in 
handling, and then turned on again without loss 
of the time needed to warm up the tubes. 

Contact between the converter case and the 
power supply case may be important in prevent-
ing signal pickup at 7 Mc. If i.f. signals are both-
ersome, try putting a spring clip under one of the 
screws that holds the power supply plate down. 
Place this so that it will make e( mt act with the 
converter t•ase or top plate when t he two units are 
plugged together. It also may be necessary to 
bond the converter and power supply combina-
tion to the frame of the communications receiver 
with which they are to be used. This should be 

done with a short heavy copper strap or braid. 
Connection between the if. unit and the re-

ceiver should be with coaxial line, and it. is highly 
desirable to install a coaxial fitting on the re-
ceiver in place of the usual terminal strip. The 
connections should be removed from the back of 
the strip, or the terminals may still allow some 
i.f. pickup. 

Using Other Intermediate Frequencies 

The i.f. tuning range beginning at 7 Mc. was 
selected as the most desirable for most receivers. 
Other ranges may be preferred, and the i.f. can be 
altered easily enough. The injection frequency is 
lower than the signal frequency by whatever i.f. 
you intend to use. For example, a 50-Mc. con-
verter with a 14-Mc. i.f. would have a crystal and 
injection frequency of 50-14, or 36 Mc. The 
144-Mc, converter would have a 130-Mc, injec-
tion frequency, and the crystal would be one-
third of this, or 43.33 Mc. 

Generally speaking, single-conversion com-
munications receivers (most inexpensive types, 
and all older receivers) work best with low inter-
mediate frequencies, such as 7 Mc. or lower. 
Double-conversion receivers will be satisfactory 
in the 14-Mc, range in almost every case, and 
some are stable enough to do well around 30 Mc. 
At least one communications receiver, the 
NC-300, has a range designed especially for 
v.h.f. converter use, starting at 30.5 Mc. 

Preamplifier for 220 Mc. 
The amplifier shown in Figs. 16-17 to 16-19 

will improve the gain tutu noise figure of a 
220-Mc. con vcrt er that is not operating at maxi-
mum effectiveness. It also provides some addi-
tional selectivity, which may be helpful in areas 
where signals from outside the band are trouble-
some. The plate circuit has high Q, so it must be 
retuned in covering the band. 
The schematic diagram is the same as the first 

stage of the 220-Mc. converter, Fig. 16-14. The 
signal is fed into the cathode of the grounded-grid 
amplifier. The plate circuit is a trough line. Any 

of the small (LILL triodes may be used, though a 
6AM4 is shown. Check pin connections and 
cathode resistor values for other types. 

Construction 

The outer conductor of the line, which also 
serves as the chassis, is made of flashing copper. 
If the details of Fig. 16-18 are followed, it may be 
made from a single piece. A small copper shield 
is placed across the tube socket to isolate the 
input and plate circuits. Just where this shield is 
located depends on the tube used, as various 

Fig. 16-17-220-Mc. trough-line pre-
amplifier. Construction is similar to that 
used with the 220-Mc. converter, Fig. 
16-8, except that provision is made 
for cable connection to a remote 

receiver or converter. 
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tubes have different grid pin arrangements. All 
grid terminals are bent flat against the copper 
case, and soldered in place. 
The left end ( bottom view, Fig. 16-19) contains 

the coaxial fitting for the antenna connection, the 
r.f. chokes and other components of the input 
circuit. The plate line, tuning capacitor, output 
coupling loop and coax fitting, and the B-plus 
feed-through capacitor mount in the large por-
tion. A bottom cover for the line can be made of 
copper 8 inches long and 214 inches wide. Bend 
over a quarter inch on each side, and slip the 
cover over the edges of the case. 
The inner conductor is 4-inch copper tubing. 

Start with a piece 6% inches long. Saw the ends 
lengthwise to depths of 14 and M inch. Cut off 
one half at each end. The remaining portions are 
used to make connections. The half-inch end is 
bent down to solder to the plate lugs of the 
socket. The quarter-inch end solders to the feed-
through capacitor. 
The tuning capacitor, CI, is mounted with its 

stator bars toward the tube end of the line. The 
inner conductor will rest between these bars and 
they can be soldered to it readily. Plate voltage 

Fig. 16- 19— Bottom 
view of the preampli-

fier 

Receivers for 420 Mc. 
For best signal-to-noise ratio, receivers for : 111y 

frequency should have the highest degree of 
selectivity that can be used successfully at the 
frequency in question. With crystal control or its 
equivalent in stability accepted as standard prac-
tice on all bands up through 148 Mc., there is lit-
tle point in using more bandwidth in receivers for 
these frequencies than is necessary for satisfac-

4-
11i 

Fig. 16- 18— Details of the outer con-

ductor and chassis for the 220- Mc. 
preamplifier. 

is fed through CB, heater voltage through l'e. 
Output is taken off through the coupling loop, 
1. visible in Fig. 16-19. The series capacitor, 
C.2. was omitted from the preamplifier, though it 
might be useful if the amplifier works into a 
converter with an untuned input circuit. 

Adjustment 

The preamplifier may be connected to the con-
verter through a coaxial line of any convenient 
length, but the converter input should be a 
coaxial fitting. To put the preamplifier into serv-
ice, adjust the plate line for maximum signal 
strength. Then check the position of the coupling 
loop, adjusting for maximum response. Readjust 
the tuning of the line as the coupling is changed. 
The tuning range of C1 is not wide, so be sure 

that it actually tunes the line at both ends of the 
band. Some mljustment of tuning range can be 
had by rotating the mounting of the capacitor 
180 degrees. If this does not bring the tuning 
within range, the mounting hole can be elongated 
and the position of the trimmer adjusted as 
required. 

tory voiee reeeption, a maximum of about 10 ke. 
Such communication selectivity is now being used 
successfully by most workers on 220 and 420 Mc., 
too, but it imposes several problems not encoun-
tered on lower bands. 

First is the matter of oscillator instability in 
the converter. Even the best tunable oscillator at 
420 Mc. suffers from vibration and hand-capacity 
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effects sufficiently to make it difficult to hold the 
signal in a 10-ke. i.f. band width. 

Then, there are still some unst al de transmitters 
being used in work on 220 an:1 12o le. It is out of 
the question to copy these on a soh ,t ive receiver. 

Last, searching a band 30 megacycles wide is 
excessively time-consuming when eommunica-
tions-reeeiver selectivity is used in the i.f. system. 
There is no single solution to these problems, 

but the best approach appears to be that of 
breaking up of the band into segments for differ-
ent types of operation. This is being done by mu-
tual agreement among 420-Me. operators at 
present, as follows: 12(1 to 432 Mr. — modulated 

t ors : up! f.m., -132 to 436 Mc. — 
crystal-cont it tiled c.w., a.m. and narrow-band 
fin.: 131; Pr 1511 - television. 
The first segment van be covered with a super-

regenerative ''' iv ' r, a superheterodyne having 
a wideband i.f. system, or a converter used ahead 
of an f.m. broa:Icast receiver. The high selectivity 
require I for hest use of the middle portion makes 
a erystal-eontrolled or otherwise highly stable 
converter and communications reveiver rombina-
t ion almost mandatory. Amateur TV is usually 
received with a converter ahead of a stand:rrd TV 
r.eveiver, tune(1 to some channel that is not in use 

Many of the tubes used on the v.h.f. bands are 
useless at 120 Mc., and the performance of even 
the best u.h.f. tubes is down compared to lower 
bands. Only the light house or petwil-triode tubes 
and a few of the miniatures a re usable, and these 
require modifica ions of convent iona I circuit tech-
nique to pMdltre stil i4avtory results. 

Cry,1:11 diodes are of en used as mixers in 420-
I\ le. receivers, as in this frequency range they 
work nearly as well as y: ti tubes. The over-all 
gain of a convert er having a crystal mixer is about 
10 db. lower t han one using a tube, so t his Wier-
owe must be ramie up in the i.f. amplifier. The 
noise figure of a receiver having a crystal mixer 
and no r.f. stage includes the noise figure of the 
if. amplifier following the mixer. so best results 
require that the i.f. middler employ low-noise 
teehniques discussed earlier in this ehapter. If 
t he i.f. is 50 Me. or higher it is particularly im-
portant, that a low-noise triode be used for the 
first if, stage. 

Crystal diodes of tile type used in radar mixers, 
such as the 1N21 series, are well suite ,I to 120-Me, 
mixer service, though carp must be taken to avoid 
damage front transmitter r.f. energy. Other types 
of crystal diodes such as the 1N72 and CK710 
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Fig. 16-20—A highly effective r.f, amplifier for 420 
Mc. The tank circuit is a half-wave line made of flashing 
copper. Coaxial fittings are for input and output con-
nections. Heater and plate voltages are brought in on 
feed-through bypass capacitors just visible on either 

side of the 6AJ4 tube. 

will stand higher values of crystal current, and 
their use is recommended. 
Few conventional vacuum tubes work well as 

mixers at 420 Mc. and higher. The 6J6 is useful 
where a balanced input circuit is desired, as in 
Fig. 16-5C. For single-ended circuitry the 6AM4 
and 6AN4 are recommended. They may be used 
in grounded-grid or grounded-cathode circuits. 

For high-selectivity coverage of the 432- to 
436-Me, segment of the band, a common practice 
is to use a crystal-controlled converter working 
into another converter for either the 50- or 144-
Mc. band, tuning the latter for the four-mega-
cycle tutting range. 

• A 420-MC. R.F. AMPLIFIER 

Tite r.f, amplifier shown in Figs. 16-20 through 
16-22 is capable of a gain or more than 15 db. 
and its noise figure can be as low as 6 db. with 
careful adjustment. It will make a large improve-
ment in the sensit ivity of any converter or receiver 
that has no r.f. stage, or one that is working 
poorly. 
The design shown is for either the 6AJ4 or 

6ANI4, but with suitable socket and pin-connec-
tion ehanges the 417A, 613C-I or 6AN4 will work 
equally well. It is a grounded-grid amplifier with 

64J4 

-150V. 
6.3V. = 6.3V. 

Fig. 16-21—Schematic diagram of the 420-Mc. r.f. 
amplifier. 

—500-eauf. ceramic. 
C3, C3- 1000-µµf. ceramic feedthrough ( Erie style 2404). 
C i—Copper tabs,%-inch diam.; see text and photographs. 
Ri — 150 ohms, 1/2 watt. 
R2-470 ohms, 1/2 watt. 
1.1—%-inch copper tubing, 71/4 inches long, tapped 2% 

inches from plate end. 
1.2— Loop of insulated wire adjacent to Li for 1/4 inch. 
Jr, J2—Coaxial fitting. 
RFC], RFC, RFC3-9 turns No. 22, 1/4 -inch diam., spaced 

one diam. 
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420-Mc. R.F. Amplifier 

Fig. 16-22—Bottom view of the 420-Mc. r.f. amplifier, 
with the slip-on cover removed. The inner conductor of the 
tank circuit is held in place by a block of polystyrene, 
mounted near the low-voltage point on the line. The plate-
voltage feedthrough and output coupling loop may be 
seen at the left of this support. Heater, cathode and 
antenna-circuit components are in a separate compart-
ment at the tube end of the assembly. The line is tuned at 
the opposite end by a handmade copper-tab capacitor. 

a half-wave line in the plate circuit. The antenna 
is connected to the cathode of the tube through a 
coupling capacitor. As the input impedance of the 
grounded-grid stage is low, nothing is gained by 
the use of a tuned circuit in the cathode lead. 
Output is taken off through a coupling loop at the 
point of lowest r.f. voltage along the line. 
The amplifier is built in a frame of flashing 

copper that serves as the outer conductor of the 
tank circuit. The whole assembly is 10 inches long 
and 1% inches square, except for the bottom, 
which is about 1% inches wide. Edges are folded 
over with lips % inch wide which slide into a bot-
tom cover made from copper sheet 23.Í by 10 
inches in size, with its edges bent up % inch wide 
on each side. 
The plat e circuit is made of %-inch copper 

tubing tuned by a copper-tab capacitor at the 
far end from the tube. Plate voltage is fed in at 
the point of minimum r.f. voltage, which in this 
instance is about 5 inches from the open end. 
The antenna is connected to the cathode through 
a coupling capacitor. The input impedance of 
the grounded-grid amplifier is so low that nothing 
is gained by using a tuned circuit at this point. 
The cathode and heater are maintained above 
ground potential by small air-wound r.f. chokes. 
The tube socket is two inches in from the end 

of the trough, and is so oriented that its plate 
connection, Pin 5, is in the proper position to 
connect to the line with the shortest possible 
lead. A copper shielding fin is mounted across 
the interior of the trough 2! inches from the 
end, dividing the socket so that Pins 3, 4, 5 and 
6 are on the plate side of the partition. 
Minimum grid-lead inductance is important. 

Tisis was insured by bending all the grid prongs 
down against the ceramic body of the socket, and 
then making the mounting hole just big enough 
to pass this part of the socket and the prongs. 
They were soldered to the wall of the trough. 

Input and output connections are coaxial 
fittings mounted on the side wall of the trough. 
B-plus and heater voltage am brought into the 
assembly on feed-through capacitors inc)unted on 
the same side of the trough as the tube. Con-
nection to the inner conductor of the line is 
made with a gri( I clip, so that the point of connec-
tion can be suljtisted for optimum results. 
The copper tubing is slotted at the plate end 

with a hack saw to a depth of about % inch, and 
a strip of flashing copper soldered into tisis slot 
to make the plate connection. A copper tab about 
the size of a one-cent piece is soldered to the other 

end of the tubing to provide the stationary plate 
of C4. The line is supported near the low-voltage 
point by a 3-inch-thick block of polystyrene. 
This is centered at a point 5% incises in from 
the tube end of the trough assembly. The hole 
for the B-plus feedthrough is 4% incises from 
the same end. 
The movable plate of C4 is soldered to a screw 

running through a nut soldered to the upper 
surface of the trough at a point inch in from 
the open end. If a fine-t hread screw is available 
for this purpose it will make for easier tuning, 
though a 6-32 thread was used in tisis model. Tisis 
made a wobbly contact, so a coil spring was in-
stalled between the top of the trough and the 
knob to keep some tetision on the adjusting screw. 
Adjustment of the 420-Mc, amplifier is made 

easier if a noise generator is used, though it is 
not as important as ils the case amplifiers with 
tuned input circuits. If the amplifier is working 
properly there will be an apprecial ) 1e rise its noise 
as the plate circuit is tuned through resonance, 
and it may break into oscillation if operated 
without load. ‘Visen connected to a following 
stage, with a reasonably matched antenna plugged 
into J5, the amplifier should not oscillate unless 
the coupling loop, L2, is much too far from the 
inner conductor. 
When the amplifier is operating stably and 

tuned to a test signal ((sr to a peak of response 
to a noise generator), the next step is to locate 
the optimum position for feeding the plate volt-
age into the line. Tisis may be done by running 
a pencil lead slowly up and down the inner con-
ductor, until a spot is found where touching the 
lead to the line has little or no effect on the opera-
tion of the amplifier. The plate voltage clip should 
be placed at this point and the process repeated, 
moving the clip slightly until it is at the minimum-
voltage point precisely. Tisis adjustment should 
be made at the midpoint of the tuning range 
over which the amplifier is to be used. 
The position of the coupling loop should then 

be adjusted for best signal-to-noise ratio. Tisis 
will probably turn out to be with the insulated 
wire lying against the inner conductor for a 
distance of about to 1 inch, starting at the 
minimum-voltage point just located. 

• A CRYSTAL-CONTROLLED CON-
VERTER FOR 432 MC. 

'1'lle converter shown in Figs. 16-23 through 
16-26 is designed to provide high sensitivity and 
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Fig. 16-23—A crystal-controlled converter for 432 
to 436 Mc. R.f. and mixer stages ore in copper sub-
assemblies at the rigle. Oscillator, multiplier and i.f. 

amplifier are on the left side. 

signal-to-noise ratio in reception of signals in the 
432- to 436-Mc. range. It uses a grounded-grid 
r.f. amplifier stage similar to the one shown in 
Fig. 16-20, working into a crystal-diode mixer. 
The intermediate frequency, with the design con-
stants given, is 50 to 54 Mc., though lower fre-
quencies could be used by suitable modification 
of the injection chain. 

Cry›tal-rontrolled injection on 382 Mc. is pro-
vided by Iwo 6J6s operating as overtone oscilla-
tor-tripler and tripler-doubler, respectively. As 
only a small amount of r.f. is required at 382 Mc., 
this line-up is sun difficult to build or adjust. An 
inexpensive 7-Me. crystal is used. An i.f. pre-
amplifier stage follows the crystal mixer. This 
may or may not be needed, depending on the per-
formance of the receiver or converter that will 
serve as the tunable i.f. Low-noise amplification 
in the i.f, stage is a factor in the over-all perform-
ance of the system, so use of the built-in i.f, stage 
is recommended. 

Construction 

The converter is buill ois a 7 X 11 X 2-inch 
aluminum chassis, with the r.f. and mixer por-
tions in a copper subassembly that mounts on 
the top of the chassis, at the right side as seen in 
Fig. 16-23. The oscillator-tripler and triplet • 
doubler 6J6s are at the left front, ‘vith the 6BQ7 A 
i.f. amplifier at the rear. The mixer line is the short 
portion of the copper assembly, with the r.f. 
amplifier line at the right. In the bottom view, 
Fig. 16-25, the injection-chain and i.f. amplifier 
components are visible. 

Fig. 16-24 is an interior view of the r.f. and 
mixer lines. These are made as two separate as-
semblies, joined by short length of copper tubing 
that is visible in the top view. Both tank circuits 
are 1%. inches square, with %-inch copper 
tubing inner conductors. They are made from 
sheets of flashing copper 4% inches wide. The 
mixer compartment is 5M inches long and the 
r.f. portion is 10 inches long. 
The r.f. amplifier is similar structurally to 

the one described previously, except for the 
method of coupling between it and the crystal 
mixer. This is dons, with a grid clip on each line 
and a ceramic ctsupling capacit or. The lead from 
the capacitor, ii le the amplifier line, is brought 
through a half-intli length of copper tubing that 
is soldered into the walls of both lines. The lead is 
insulated with spaghetti sleeving. 
The B-plus feed to the r.f. stage should be at 

the point of minimum r.f. voltage, 17/3 inches 
from the plate end of the copper tubing. The 
coupling tap is one inch out from the B-plus feed-
point. The coupling point on the mixer line is 1 
inch from the ground end. The crystal diode is 
inserted in a small isole in the mixer inner con-
ductor, 1U incises from the ground end. The 
inner et smituttors of the r.f. and mixer lines are 
7 3/16 and 5 incises long, respectively. Mixer 
tuning is doise with a small plastic trimmer, Cuss 
while the r.f. plate circuit is tuned with a hand-
made tab capacitor, C9, similar to C4 in Fig. 
16-21. 
Note the r.f. bypass, Cg, on t he outside of the 

mixer line. Tisis is made from a piece of copper 
AT inch in diameter, insulated from t he line hous-
ing by a piece of vinyl plast iv. Two t hicknesses 
of the material commonly used for small parts 
envelopes are satisfactsn•y. The crystal, which 
may be any of the u.h.f. diodes, is slipped through 
a close-fit isole and is held in place by the wire 
soldered to its outside terminal. 

Plate and filament voltages are fed into Use 
assembly on feed-through bypass capacitors, 
visible its the top-view photograph. Antenna con-
nection is made through a coaxial fitting on the 
end of the r.f. assembly. A erystal-current jack, 
a 4-pin power (-lain and two if. connectors are 
on the end wall of the chassis. The second coaxial 
connector was installed so that tests could be 
made with and without the i.f. amplifier stage. 

Wiring ils the power circuits is done wit h 
shielded wire, its ease that TVI might result from 
the oscillator or multiplier stages. Tile as hlition 
of a bottom plate and power-lead filtering would 
then be effective. Injection and i.f, coupling leads 
are also made of shielded wire, tisis serving in 
place of coax line that is harder to handle. 
The output of the injection chain is coupled 

into the mixer line by means of a loop, L8, that 

Fig. 16-24—Interior view of the r.f. amplifier and mixer 
assemblies. The r.f. circuit is a half-wave line. The shorter 

assembly is the quarter-wave line using a 
crystal diode mixer. 
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Fig. 16-26—Wiring diagram and 
controlled converter. Values given 

C1-75-µµf. miniature trimmer (Hammarlund MAPC-75). 
C2, Ca, C4-20-µof. miniature trimmer (Johnson 20M1 1 
C5-25-µ0. miniature trimmer (Hammarlund MAPC-25). 
Co, C7-500-µµf. feed-through ceramic (Centralab 

MFT-500). 
Cs—Handmade copper-tab bypass; see text. 
Co—Handmade copper-tab variable; see text. 
C10-0.5- to 5-peif. plastic trimmer ( Erie style 532-08-

ORS). 
14-131/2  turns No. 20 tinned, 1/2 -inch diam., 1/2  inch long, 

tapped at 41/2  turns ( B & W Miniductor No. 3007). 
12-5 turns No. 20 tinned, 1/2 -inch diam., 1/2  inch long 

(B & W Miniductor No. 3003). 
13-234 turns similar to 12. 
14-2 turns No. 12 tinned, 1/2 -inch diam., 1/2  inch long. 
15- 1 turns ins, wire between turns of L4 May be inner 

conductor of shielded wire, with braid removed. 
La— Half-wave line, Ws-inch copper tubing, 734s inches 

long. 

is not visible in the photographs. This loop is 
mounted on the copper base plate that is under 
the mixer and r.f. assembly. Its size and proxim-
ity to the mixer inner conductor are not particu-
larly critical, as there is a surplus of injection 
under ordinary conditions of operation. 

Adjustment 

The first step in putting the converter into op-
eration is to tune up the oscillator and multiplier 
stages. This process is similar to the adjustment 
of a transmitter and will not be detailed here. 
Check to see that the proper frequencies appear 
as indicated on the schematic diagram. Only 
enough power at 382 Mc. is needed to develop 

TRIPLER 

Y2 6" 19/Mc 

"3-

DOUBLER 

25 V26j6 

10K 

382 ft. 

L4 

TO L8 

fool 

parts list for the 432-Mc, crystal. 
are for an i.f. of 50 to 54 Mc. 

17—Quarter-wave line, 1/2 -inch copper tubing, 5 inches 
long. 

Ls—Loop of insulated wire 1 inch long and 1/2  inch high 
projecting through base plate on which line as-
semblies are mounted. May be made from inner 
conductor of shielded wire, with braid removed 
from last two inches. 

L9 — 2 turns No. 22 enam. around cold end of Liu. 

lis- 6 turns similar to L2. 

In — 11 turns No. 22 enam. close-wound on 1/2 -inch slug-
tuned form ( National XR-91). 

112-4 turns No. 28 silk or enamel wound over cold end 
of Lii. 

12 — Coaxial fitting. 

— Closed-circuit jack. 

J4-4-pin male chassis fitting. 

RFC- 10 turns No. 22 tinned, 1/2 -inch diam. Space turns 
diam. of wire. 

about 0.5 ma. of crystal current. Anything from 
0.2 to 1.0 ma. is satisfactory. Adjustments should 
be made with no plate voltage on the r.f. stage. 
Now connect the converter to a 50-Mc. re-

ceiver or converter and peak the i.f. amplifier 
circuits at about 52 Me. on noise. Next apply 
plate voltage and feed a signal into the r.f. stage. 
Peak the r.f. and mixer capacitors for maximum 
response at about 434 Mc. These adjustments 
can be made on noise also, if the circuits were 
close to resonance originally. If a noise generator 
is not available, the margin of signal over receiver 
noise that is obtained on a received signal is also 
usable, if adjustments are made with care. 
The points of connection for the B-plus and the 
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coupling tape on the r.f. and mixer lines are criti-
cal adjustments, but if the dimensions given 
ahoye are followed carefully the points should lue 
close to optimum. Adjustments can be made and 

Fig. 16-25—Bottom view of the 432-Mc. 
converter, showing the oscillator, multiplier 
and i.f. amplifier circuits. 

checked readily if the r.f.-mixer assembly is 
mounted in place temporarily wit h a few self-
tapping screws. ( Origin:01y described in January, 
1954, QS11, p. 24.) 

A Crystal-Controlled Converter for 1296 Mc. 
For simplicity, no n. t'. amplifier stage is used 

ahead of t I e crystal mixer in the converter 
shown in Fig. 16-27. While a good amplifier 
may have advantages over a straight crystal-
mixer type te superheterodyne at this frequency, 
much interesting work can be done with the sim-
pler arrangement. By following certain design 
principles, to be discussed later, the performanee 
of a crystal mixer tun be made very nearly as 
good as that of the best r. ï. ampliUr stages. 
The converter uses a 1N211.: crystal diode in a 

radial cavity. Injection at 1280 is furnished 
by an oscillator-multiplier chain consisting of a 
US, two 6.168, and a 4-16A lighthouse tube. The 
converter layout leaves plenty of spare for 
changes. and the various units can 1tu' modified 
nudity. It.f. (.onnections between stages are made 
with coaxial connectors and 11(1-58/11 or 11(1-
511/1" cal de. 

The Cavity Mixer 

Most mixer cavities descrilwil arc the coaxial 
tyl nit this converter eMPIOYS the radial va-
riety. ln a coaxial cavity t baigth is the primary 
fretitaq tcy-determining ilitto•tision. (The diameter 

has a small (' ffect.) A radial cavity resonates at a 
frequency almost totally dependent on its diam-
eter. Center loading the radial cavity raparit ively 
lowers its resonant frequency, just as does end 
loading a ti iaxia I line. 
The physical details of the mixer are shown in 

Figs. and 16-29. The dimensions given are 
not critical. A first moillel was made by sawing a 
U-inch length off a 41•,-inch diameter aluminum 
pipe for the main luxly. The .%-inch length was 
chosen to accommodate the physical length oi 
the 1N21-series crystals. 
The antenna input. the local oscillator injection 

and the mixing crystal are all on one face of the 
mixer, sixtred 120 tlegreu.s ai tart. The crystal was 
mounted somewhat closer to the midi lit of the 
cavity than the antenna input connector. This 
was because the antenna connection on an earlier 
model was a wire 1Y:1". iii di long, from the center 
conductor of the ronoevtor to the opposite end 
plate of the cavity. Assuming the r. f. input im-
pedance of the crystal to be about 100 to 150 
ohms, the crystal would have to be closer to the 
center than the input tap, for the latter to pro-
vide a good match for 50-ohm input. Laboratory 

Fig. 16-27—Rear view of the 1296-Mc, crystal-controlled 
converter. At the back of the chassis is the injection string as-
sembly, except for the 1280-Mc. doubler, which is at the 
far right. The small assembly adjacent to the doubler is the 
16-Mc. i.f. preamplifier. The radial mixer cavity is fastened 
to the front panel. Power-supply components are at the left. 



Crystal-Controlled Converter for 1296 Mc. 

tests showed th:.t this arrangi.ment worked out 
quite well, but the loop coupling gives just as 
good match. The cavity is loaded quite heavily, 
as image rejection is no problem. So long as the 
image rejection is 10 db. or more the over-all 
noise figure will not be adversely affected. The 
lower Q reduces insertion loss and lessens the 
mechanical rigidity requirements of the mixer. 
Tuning the mixer is done with a h-inch brass 

shaft passing through the end plate opposite to 
that containing the mixer crystal and coaxial 
connectors. A penny-sized copper disk is soldered 
to the shaft for a capacitor plate, and the shaft 
runs through a locking-type panel bushing ad-
justed to provide the necessary friction. In prac-
tice the mixer rarely requires tuning, but t he red-
blooded experimenter would rightfully feel 
cheated if something were not available for ad-
justing occasionally. 

Spring (I ipper wipers, shown in the drawing, 
were a refinement that was found to be unnec-
essary, but it may be just as well to add them 
anyway. Erratic mixer tuning was at krst t bought 
to be due to poor contact between the shaft and 
its bushing. Later it was found that the end plates 
were " oil-canning." This was cured by mounting 
the mixer against a heavy panel, as seen in the 
rear-view photograph, and changing the end 
plate to a heavier stock. A further refinement to 
reduce mixer loss and improve tuning stability 
was to improve contact between the main body 
and the end plates by undercutting the end faces 
of the main body,' as shown in Fig. 16-29A. 
The mixing crystal protrudes through one end 

plate arid contacts the omit one. The large 
end is insulated by a tight-fitting piece of spa-
ghetti sleeving. The i. f. output is brought off by 
a Kipper tali that presses down on the end of the 
crystal. The tab also serves as a mixer bypass 
capavitor. It is fastened to the end plate with two 

Cavities are available in the form shown in Fig. 16-29 
from Mooradian Machine Works, 1752 E. 23rd St., Los 
Angeles. Price, $120 each. 
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Fig. 1 6-28— Cut- away view of the radial cavity mixer 

assembly in the 1 296-Mc, converter. 

nylon screws, and is si dated from the plate by 
a strip of plastic civil rirai tape. (Metal screws, 
suitably insulated, may be used if the nylon 
screws are not available.) Because of 40 µW. of 
capacitance to ground so provided, and the rela-
tively low impedance of the circuit, about 400 
ohms, there is negligible pickup at the inter-
mediate frequency. 

Preamplifier 

As no communiea li ins receiver has enough 
gain to accommodate the low signal level from 
the mixer, a preamplifier is necessary. Other ar-
rangements might give more gain and lower noise 
figure than the one shown in Fig. 16-30, but none 
would be more simple or readily adjusted. Like 
the injection string, the i. f. preamplifier is built 
as a subassembly. Experimentation with other 
circuits is thus made easy, but in the meantime 
the builder of the converter is able to receive 
signals. 
The i.f. amplifier is a 12AT7. The first stage is 

grounded-grid, and has an input impedance. neg-
lecting input capacitance, of nominally 400 
ohms. This happens to be the optimum if. 

DRILL 40 36 
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BOTH IPIECES 
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f_31_0211 END_ 
L,LLiu 

092 
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Fig. 1 6-2 9-- Dimensions of the principal parts of the radial cavity. Material may be aluminum or brass. 
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With the subassembly construction employed 
ideas can be tried one at a time, with the assur-
ance that unchanged other units will continue to 
operate properly. A pi-network input to the if. 
preamplifier may aid materially in matching the 
crystal to the grounded-grid amplifier input. This 
can be done by adjusting different combinations 
while listening to a fairly weak signal. The ninth 
harmonic of a 144-Mc. transmitter can be used 
as a signal source, though a silicon diode or 
vacuum-tube noise generator may give better 
results. 

rtscode and pentode preamplifier circuits can 
be explored. Two problems to be expected will be 
instability and matching the in put of 
the amplifier. Keep in mind that mere absence 
of oscillation in an amplifier (loes not guarantee 
that it is free of regeneration. 
Adequate injection was obtained with the 

setup described, but some experimenters may ex-
perience trouble due to variation in lighthouse 
tube condition. Many 446A and 2C40 tubes ob-
tained on the surplus market are inferior in one 
way or another. Nearly all have been removed 
from equipment, even when tlx•y ale advertised 
as " new." 

While the 3/8-inch signal inj(wtion loop seems 
to work well there is no assurance at this point 
that some other size loop or different coupling 
method would not be better. Untuned mixers 
deserve consideration. Some experimenters report 
poor results with these, possibly because of mis-
matched antenna or feedline impedances. Poor 
mixer performance may also result from much of 
the signal Iwing shunted into the local oscillator 
chain, where it is dissipated. High-Q tank circuit 
design fOr the injection chain output stage may 
be helpful here, a point that is often overlooked 
ill 420-Mc. crystal-mixer converters, as well. The 
'nitrified mixer has the advantage that the signal 
may be injected at 640 or 427 Mc. with only 
slightly degraded performance. 

In spite of the fact that most u.h.f. triodes are 
not supposed to work well at 1300 Me., several 
experimenters have used 446As, pencil triodes 
and the 41613 with gratifying results. The appar-
ent improved performance may be due to a 
poorly constructed or improperly adjusted mixer, 
benefiting greatly from the gain of the r. f. ampli-
fier. The 416B, particularly, was designed for 
commercial applications at 4000 NI(.., so it should 

4.28 DRILL 
6 PLACES 

e 

Fig. 16-32--Details of the 1280-Mc. 
doubler plate circuit. Circular plate fits top 
of an ASB cavity. See text and Fig. 16-
27. The inner conductor of the line fits 
over the plate cap of the 2C40 or 446A 
tube. Output coupling loop con be made 
from the inner conductor of the coaxial line. 
Tuning capacitor is made from a piston-
type trimmer and its bearing assembly. 

be good at 1300 Mc. when properly handled. 
Poor noise figures quoted for this tube are from 
data intended for wide-band applications. By 
proper cavity design the bandwidth ean be kept 
low in amateur applications, and improved noise 
figures might result. 
A good ready-made r. f. amplifier is the AS13-5 

(CPR-46-A('J) r. f. cavity. This was originally 
intended for use in the 500-Mc. region. Both in-
put and output cavities will tune to 1300 Nle. 
as three-quarter wave lines. This cavity uses the 
416.1 tube, but adapter rings have been con-
struct-d to permit the use of the 41611. The 
AS13-7 cavity is also useful. In many ways, this 
unit is more flexible than the former, and more 
circuit adaptations heroine apparent (luring its 
use. Fairly successful at have been made 
in other directions also. One such amplifier used 
a 613V4 ceramic 11.11.f. receiving tri(xle on 1200 
Mc. As nearly as could be determined, this tube 
performed as well as a 11611 known to be operat-
ing properly. 

Crystal mixer diodes come in a variety of 
types. The most common ones are 1N21 and 
iN23 series. These have been mad- in suffixes 

ranging through the letter " E." The 1N21 seri,s 
is intended for use from 1000 to :3000 Mc. It will 
work higher. The 1N23 is intended for use from 
3000 to 10,000 Me., and will work lower. AS long 
as a mixer is operating poorly, or only fairly well, 
there is virtually no difference in the performance 
of any of these erystals. It is when a really effec-
tive mixer is coupled with an if. preamp of 1 to 
3 (II). noise figure that the amazing difference 
between 1N21 A and the IN2IE Irecomes evident. 
Newer crystals such as the NIA421 give noise 

figures of 6 (11). and better in standard test setups. 
Individually-tailored amateur circuits can be ex-
pected to perfrorm even better. Because of semi-
conductor progress, both in mixers and amplifiers, 
the vaeutint-tube r.f. amplifier at 1200 Me. ap-
pears less desirable than ever. 
The rectified crystal current flowing as a result 

of the local oscillator injection should lw meas-
ured with a milliammeter having as low a (I.e. 
resistance as possible. Degraded performance 
may result from the d.c. bias developed across 
this resistance. The experimenter is invited to try 
the use of small amounts of back bias on the 
crystal to improve performance. 

(From OS 1', September, 1959.) 
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CHAPTER 17 

V.H.F. Transmitters 
Transmitter stability regulations for the 50-

Me. band are the same as for lower bands, and 
proper design may make it possible to use the 
same rig for 50, 2, 21, and even 14 Me., but 
it of 144 .\ Ir. :old higher in the usual 
undid Huid transmitter is generally not feasible. 
liatlu•r, it is usually more sat islat ory to com-
bine 50 and 144 Mc., sinee the t wo bands are 
close to a. third-harmonie relationship. At least 
the exeiter portilin of the transmitter may be 
made to cover both bands very reiolily. 
Though no stability restrictions are imposed 

by law on amateur operation at 144 Me. awl 
higher, the use of stabilized narrow-band systems 
pays off in improved effect iveness in both trans-
mitter and receiver. It is this factor, more than 
the interference potentialities of the wide-band 
systems, which makes it desirable to employ 
advanced techniques at 144, 220 and 420 Me. 
The low-power stages of a transmitter for the 

v.h.f. bands need not be greatly different in de-
sign from those used for lower bands, and the 
teehniques of Chapter Six can be used. The con-
structor has the choice of starting at some louver 
frequency, usually around 6, 8 or 12 Me., multi-
plying to the operating frequency in one or more 
additional stages, or he can use a high initial 
frequency and thus reduce the number of multi-
plier stages. The first approach has the virtue of 
using low-cost crystals, but h. f. crystals may effect 
an economy in power consumption, an important 
factor in portable or emergency-powered gear. 

• CRYSTAL OSCILLATORS 
Crystal oscillator stages for v.h.f. transmitters 

may make use of any of the circuits shown in 
Chapter Six when crystals up to 12 Mc. are used, 
but certain variations are helpful ( or higher 
frequencies. Crystals for 12 Mc. or higher are 
usually of the overtone variety. Their frequency 
of oscillation is an approximate odd multiple of 
some lower frequency, for which the crystal is 
actually ground. Thus 24-Mc. crystals com-
monly used in 144-Mc, work are 8-Me, cuts, 
specially treated for overtone characteristics. The 
overtone crystals currently being supplied are 
nearly as stable as those designed for fundamental 
operation, and they are easy to handle in prop-
erly designed circuits. 

Best results are usually obtained with overtone 
crystals if some regeneration is added. This makes 
for easy starting under load and greater output 
than would be obtainable in a simple triode or 
tetrode circuit. Regenerative circuits, with con-
stants for 8- or 24-Me, crystals, are shown in 
Figs. 17-20 and 17-24. Triodes are shown, but the 
same arrangement may be used with tetrode or 
pentolde tubes. The important point in either case 
is the amount of regeneration, controlled by the 

number of turns below the tap in L1 of Fig. 
17-20 or 17-24. There should be only enough feed-
back to assure easy crystal starting and satisfac-
tory operation under loa( 1, too much will result 
in oscillai ion not under the control of the crystal, 

overbilie operation is possible with standard 
fin 111:1111(.11 tal-tYPV err,in Is. using these circuits. 
Practically all will oscillate on their third over-
tones, and fifth and higher odd overtones may 
be possible. Adjustment of regeneration is more 
critical, however, if the crystals are not ground 
for overtone charaeteristics. The frequency may 
not be an exact multiple of that marked on the 
crystal holder, so eare should be used in working 
with crystals that are near a band edge. 

Crystals ground for overtone service can be 
made to oscillate on other overtones than the one 
marked on the holder. For more discussion of 
overtone oscillator techniques, see QST for April, 
1951, page 56, and March, 1955, page 16. 
Crystals are now available for frequencies up 

to around 100 Mc. They are somewhat more 
expensive and more critical in operation than 
those for 30 Me. and lower, however. Use of 
50-Me, erystals is made ocrasionally as a means 
of preventing radiation of the harmonics from 
lower frequency crystals that might cause TVI. 

• FREQUENCY MULTIPLIERS 
Frequency multiplying stages in a v.h.f. trans-

mitter follow standard practice, the principal pre-
caution being arrangement of components for 
short lead length and minimum stray capacitance. 
This is particularly important at 144 Me, and 
higher. To reduce the possibility of radiation of 
oscillator harmonies on frequencies that might 
interfere with television orother services, the 
lowest satisfactory power level should be used. 
Low-powered stages are easier to shield or filter, 
in ease such steps become necessary. 
Common practice in v.h.f, exciter design is to 

make the tuned circuits capable of operation over 
the whole range from 48 to 54 Me., so that the 
output stage can drive either an amplifier at. 
50 to 54 Mc. or a tripler from 48 to 144 Mc. 
Tripling is often done with push-pull stages, 
particularly when the output frequency is to 
be II Mc. or higher. 

• AMPLIFIERS 
Mn,•I transmitting tubes now used by ama-

teurs will work on 50 Me., but for 144 Mc. and 
higher the tube types are limited to those having 
low input and output capacitances and compact 
physical structure. Leads must be as short as 
possible, and soldered connections should be 
avoided in high-powered circuits, where heating 
may be great enough to melt the solder. 

Plug-in coils and their associated sockets or 
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jack bars are generally unsat isfactory for use at 
114 Mc. and higher because of the stray induct-
ance and capacitance they introduce. One way 
around this trouble is the use of a dual tank cir-
cuit in which the inductor for 144 Mc. is a con-
ventional tuned line, with its shorting bar made 
as a removable plug. When the stage is to be 
used on another band the short is removed and a 
coil is plugged into the jack, the line then serving 
as a pair of plate leads. Such an arrangement will 
operate as efficiently on 144 Mc. as if it were de-
signed for that band alone. 
At 220 Mc. and higher it may be necessary to 

employ half-wave lines : is tuned circuits, as shown 
in Fig. 17-28 (PI in place). 

Neutralization of triode amplifiers for 50 and 
144 Me. can follow standard practice, but the 
stray inductance and capacitance introduced by 
the neutralizing circuits may be excessive for 
220 Mc. and higher. In such instances grounded-
grid amplifiers may be used. Driving power is 
applied to the cathode circuit, with the grid 
acting as a shield. Some of the drive appears in 
the output, so both the driver and amplifier must 
be modulated when a.m, is used. For this reason 
the grounded-grid amplifier is used mainly for f.m. 

Instability shows up frequently in tetrode 
amplifiers as the result of ineffective screen by-
passing. The solution lies in series-resonating the 
screen circuits to ground, as shown in Figs. 17-13 
and 17-24. The r.f. choke and capacitor values 
vary with frequency, so screen neutralization is 
essentially a one-band device. 

• FREQUENCY MODULATION 
Though f.m. has not enjoyed great popularity 

in v.h.f. operation, probably because of lack of 
suitable receivers in most v.h.f. stations, its possi-
bilities should not be overlooked, particularly for 
the higher bands. At 420 Mc., for instance, the 
efficiency of most amplifiers is so low that it is 
often difficult to develop sufficient grid drive 
for proper a.m. service. With f.m. any amount 
of grid drive may be used without affecting the 
audio quality of the signal, and the modulation 
process adds nothing to the plate dissipation. 
Thus considerably higher power can be run with 
f.m. than with a.m. before damage to the tubes 
develops or the signal is of poor quality. 

Frequency modulation also simplifies transmit-
ter design. The principal obstacle to greater use 
of f.m. in v.h.f. work is the wide variation in 
selectivity of v.h.f, receivers, making it difficult 
for the operator to set up his deviation so that it 
will be satisfactory for all listeners. 

• V.H.F. TVI PREVENTION AND CURE 

The principal causes of TVI from v.h.f. trans-
mitt,ers are as follows: 

1) Adjacent-channel interference in Channel 2 
from 50 Mc. 

2) Fourth harmonic of 50 Mc. in Channels 11, 
12 or 13, depending on the operating frequency. 

3) Radiation of unused harmonics of the 
oscillator or multiplier stages. Examples are 
9th harmonic of 6 Mc., and 7th harmonic of 

8 Mc. in Channel 2; 1((th liarm)111 ,• of 8 Mc. in 
Channel 6; 7th harmonie of 25- .\ lc. stages in 
Channel 7; 4th harmonic of 48-Me, stages in 
Channel 9 or 10; and many other combinations. 
This may include i.f. pickup, as in the eases of 
24-Mc, interference in receivers having 21-Mc. 
i.f. systems, and 48-Mc. trouble in 45-Mc. i.f.'s. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channels, from 50-Mc. equipment. 

5) Image interference in Channel 2 from 144 
Mc., in receivers having a 45-Mc. i.f. 

6) Sound interference (picture clear in some 
cases) resulting from r.f. pickup by the audio 
circuits of the TV receiver. 
There are many other possibilities, and u.h.f. 

TV in general use will add to the list, but nearly 
all can be corrected completely, and the rest can 
be substantially reduced. 

Items 1,4 and 5 are receiver faults, and nothing 
can be done at the transmitter to reduce them, 
except to lower the power or increase separation 
between the transmitting and TV antenna sys-
tems. Item 6 is also a receiver fault, but it can 
be alleviated at the transmitter by using f.m. or 
c.w. instead of a.m. phone. 
Treatment of the various harmonic troubles, 

Items 2 and 3, follows the standard methods 
detailed elsewhere in this Handbook. It is sug-
gested that the prospective builder of new v.h.f. 
equipment familiarize himself with TVI preven-
tion techniques, and incorporate them in new 
construction projects. 

Use as high a starting frequency as possible, 
to reduce the number of harmonies that might 
cause trouble. Select crystal frequencies that do 
not have harmonics in TV channels in use locally. 
Example: The 10th harmonic of 8-Mc, crystals 
used for operation in the low part of the 50-Mc. 
band falls in Channel 6, but 6-Me. crystals for 
the same band have no harmonic in that channel. 

If TVI is a serious problem, use the lowest 
transmitter power that will do the job at hand. 
Much interesting work can be done on the v.h.f. 
bands with but a few watts output, particularly 
if a good antenna system is used. 
Keep the power in the multiplier and driver 

stages at the lowest practical level, and use link 
coupling in preference to capacitive coupling. 

Plan for complete shielding and filtering of the 
r.f. sections of the transmitter, should these steps 
become necessary. 

Use coaxial line to feed the antenna system, and 
locate the radiating portion as far as possible 
from TV receivers and antenna systems. 
Some v.h.f. TV tuners have removable strips 

that can be replaced with double-conversion 
inserts for u.h.f. reception. For a number of 
channels the first conversion frequency may 
then fall in or near the 144-Mc. band. Where 
this method is employed for u.h.f. reception 
the receiver is very sensitive to 144-Mc. inter-
ference. The cure is to replace the strips with 
others having a different conversion frequency, 
or use a conventional u.h.f. converter for recep-
tion of the channels from 14 up. 
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A High-Power Transmitter 

High-Power Transmitter for 50 and 144 Mc. 
The gear described in the next several pages 

shows how transmitting equipment for two v.h.f. 
bands can be coordinated in design so as to work 
from a single exciter. If the builder so desires, the 
station may be operated from one set of power 
supplies and speech equipment, with a single set 
of meters measuring the imp:Own curowts in 
both transmitters. Each item ean be used by it-
self, or they combine readily to cover both 50 
and 144 Me., at a power level approaching the 
legal limit. 

In order of their description they are an exciter 
capable of delivering up to 40 watts output at 48 
to 54 Me., a companion amplifier for the 50-Me. 
band, a tripler-driver-amplifier for 144 Me., and 
a dual antenna coupler for fin-ding 50- aml 144-
Me. antennas having balaneed lines. Their phys-
ical appearance is such that they roml:ine neatly 
for rack mounting, as seen in Fig. 17-1. 

• THE EXCITER 
Though it is shown mounted on the same panel 

as the 50-Mc, amplifier in Fig. 17-2, the exciter 
unit might well be used alone, as a versatile 50-
Mc. transmitter capable of running up to about 

65 watts input. Provision is made for taking off 
48-Me, output at two power levels, through: J3 
or J2, the latter being used for driving the 144-
Me. tripler to lw described later. 
The exciter is completely shielded, and its 

power leads are filtered to prevent racliation of 
harmonies by the power cable. In addit km, there 
are built-in traps to absorb unwanted oscillator 
harmonies that might otherwise be passed on to 
the amplifier, or to the antenna. Harmonics of 
this kind are particularly troublesome when they 
fall in Channel 2, which is so close to the operat-
ing frequeney that a filter in the antenna line is 
relat ively ineffeetive against t It('m. 
The interstage coupling circuits are of band-

pass th-sign. ()nee they are protwrly adjusted 
they require no further tuning, when the I'm-
queney is rhanged over a 4-Mc. range. Thus only 
the crystal switch and the output plate circuit 
need be adjusted when changing frequency. 

Circuit Details 

The oscillator is a 5763, itsitig erystals above 6, 
8, 12, or 24 Me. for 14-1-.\ 1,. qatration, or 6.25, 
8.34, 12.5 or 25 Mc. for 50 Me. Its plate eirpuit 
tunes 24 to 27 M V., (111:1111.11111ing, tripling or dou-

bling the crystal frequem.y. a'rystals 
at 24 to 27 Me. are overtone tads that 
oscillate at mue-third the marked fn--
quency in this eireuit.) A series-tuned 
trap, Ltri, in t he oscillator plate eirruit 
absorbs the third harmonic of 6- Mr. 
crystals. This 18-1e. energy otherwise 
would pass on to the next stage, wItere 
it would be tripled to a frequeney in 
Channel 2. This harmonic has been 
found to be a common cause of 50-Me. 
TVI in Channel 2 an-as. 
The doubler is also ti 571i3..,1 second 

trap, CaL4, in the grid e•irviiii, is tuned 
to the 7th harmonic of 8-Me. vrysta Is. 
The t wo traps thus prevent Ii. 
of energy in Channel 2, the most (- lit ii:, I 
transmitter pt-oh k-m a 6-meter man is 
likely to encounter ni eorrerting TV I. 
They can be modified for other fie-

Fig. 17-1—A high-power r.f. section for 
a 50- and 144-Mc. station. Equipment in-
cludes a band-pass exciter for both bands, 
a 50-Mc. r.f. amplifier built on the sa me 
panel, a tripler-driver-amplifier for 144 
Mc., and a dual antenna coupler for both 
frequencies. Units can be operated with a 
single set of power supplies, and with com-

mon speech equipment and meters. 
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Fig. 17-2—The 50-Mc. r.f. unit. 
Exciter, left portion on the assem-
bly, also serves on 144 Mc. Ampli-
fier utilizes a 4-125A, 4-250A or 

4-400A. 

quencies to suit local problems. An example is the 
10th harmonic of 8-Me. crystals, that falls in 
Channel 6. A trap for the 5th harmonie of the 
crystal frequency should take care of this. 
The 6146 ainplifier stage has a shunt-fed pi-

network plate circuit. For best stability over the 
etit ire operating range the stage is neutralized. 
The choke, RFC4, is provided to short out the 
d.c. voltage that would appear on the output cir-
cuit if C, should break down. The choke its the 
plat e lead, IIPC5, is for parasitic oscillation sup-
pression. Note that each of the three cathode 
leads is bypassed separately at the socket. The 
exciter may be keyed its the 6146 cathode jack, 

Double-tuned band-pass circuits between the 
oscillator and doubler, atsd between the doubler 
and final, provide essentially flat response from 
48 to 52 Me., or 50 to 54 Mc. A potentiometer 
in the doubler screen circuit provides excitation 
emit rol for the 6146, and may be used to eom-
pensate for variations in drive that may appear 
at some spots in the band. 
The link winding on the doulder plate circuit, 

1.6, is for the purpose of taking off low-level 48-
Mc. out put to drive the tripler its the 144-Me. r.f. 
unit. Note that the keying jack in the 6146 
cathode circuit is the open-circuit type. Remov-
ing the key thus disables the 6146 stage, when 
the first two stages are being used in this way. 
Separate heater and filament switches on all 
units allow them to be operated separately. High-
voltage supplies may lse left connected to all r.f. 
units, energizing only the filaments and heaters 
in the ones being used. 

Construction 

Tise exciter is built on a 5 X 10 X 3-inch 
aluminum chassis, with a bottom plate and a 
perforated aluminum cage to complete the shield-
ing. The small knobs at t he lower left of the front 
view are for the crystal switch and the excitation 
control. The crystal switch has 12 positions. Ten 
are for the crystals on the multiple crystal socket 

(Johnson No. 126-120-1). One more crystal posi-
tion is provided on the front panel (a convenience 
if you want to use a frequency not covered by 
the 10 crystals ill the multiple socket), and the 
12th switch position is for an external v.f.o. It 
connects the 5763 grid to the coaxial v.f.o. input 
fitting, and shorts out RFC' and its parallel 
capacitor. The stage then functions as a fre-
quency multiplier. The output frequency of the 
v.f.o. could thus be in tlse 6-, 8- or 12-Mc. range. 
Above the excitation control may be seen the 
knobs for the 6146 plate and output coupling 
capacitors. 
Three coaxial connectors are on the rear wall 

of the exciter. The one at the outside edge is for 
v.f.o. input. The others are the doubler and 6146 
output fittings. Two 4-terminal steatite strips 
handle the various power and metering leads. 
Adjacent to each terminal except the ground con-
nection is a feed-through bypass capacitor to 
take the power lead through the chassis. 
TVI that might result from radiation of har-

monics by the power leads is prevent( l by filter-
ing of each lead. The feed-through bypasses aro 
connected to the exciter circuits through r.f. 
chokes, the inner ends of whiell are again by-
passed with small disk ceramic capacitors. All 
power leads are made with shielded wire, bonded 
at intervals to the chassis. 
The side view shows the multiple crystal socket 

at the front of the chassis. Separate crystal sock-
ets may be used if desired. The oscillator and 
doubler tubes are its the foreground. The trap 
capacitors, Cs and C4, are adjacent to these 
tubes, while C2 and C3 are between them, a bit 
off their center line. To the rear of the 5763 
doubler are C6 and C7. The grid tuning capacitor 
for the 6146, C6, is just visible inside the amplifier 
compart ment 
A separate lead is provided for each power cir-

cuit. Fixed bias for the 6146 is brought in from 
the bias supply that is part of the high-power 
amplifier assembly. This bias is desirable to pre-
vent the plate current from rising too high when 
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Exciter Construction 

the excitation is backed off. If the exciter is used 
alone, fixed bias is unnecessary. External meters 
can be connected in any of the circuits at the 
terminal strips. 
The sides, back and top of the amplifier cage 

are Reynolds " Do-It-Yourself" perforated alu-
minum sheet, now available in many hardware 
stores. The pieces are joined together at the 
corners with lengths of 5%-inch aluminum angle 
which can be bought or bent up from sheet stock. 
The tuning and loading capacitors are mounted 
on the front of the cage, so this part should be a 
piece of solid sheet stock rather than the perfo-
rated material. The dimensions of the cage are not 
critical. The original is 53% inches deep, 25% inches 
across, and 41,4', inches high. Make provision for 
removing the top and outside sheets of perforated 
stock for convenience in servicing, when the 
exciter is mounted against the amplifier unit. 
Extension shafts and couplings bring out the 
amplifier controls to the 

Inside the cage; thé 614-6 can, be seen with its 
socket twinned . alxwe the - chàesiS, on 1.-itich 
metal sleeves. The cathode and screen bypasses 
should connect to separate ground lugs on the 
top of the chassis, with the shortest possible 
leads. This wiring can be done conveniently be-
fore the socket is mounted on the chassis if nuts 
are used temporarily to hold the ground lugs in 
place over the socket mounting screws. The neu-
tralizing adjustment, Cs, is mounted on the rear 
wall of the cage, and wired to the 6146 plate clip 
and the feed-through bushing with 3 é-illch 
wide strips of thin copper. A ceramic insulator 
mounted on the wall near the 6146 plate cap 
supports the junction of RleCt„ RFC3, and C9. 
An ordinary tie point supports the 
other end of RFC3 and the shielded 
power lead. The plate coil, Ls, can he 
seen in back of the 5763 doubler tube, 
wired bet ween the stators of Cjo and 
C11. C12 and RFC4 are mounted near 
CH. and hooked between its stator bar 
and a ground lug. A short length of 
RG-58/U coax runs down through a 
isole in the chassis from C over to ./3. 
Most of the parts visible in the 

chassis view can be identified from our 
description of the panel, rear, and top-
side layouts. The oscillator cathode 
choke, /Wei, can be seen mounted up-
right near the oscillator tube and crys-
tal sockets. Both 5763 sockets should 
be oriented so that Pins 4 and 5 are 
adjacent to the outside chassis wall. Li 
is visible between C1 and the oscillator 
tube socket. L2 and L3 run bet ween this 
socket and that of the doubler. These 

Fig. 17-3—Side view of the exciter, with cover 
removed. Band-pass coupling circuits eliminate 
front-panel tuning controls except for crystal 

switch and output stage tuning. 

coils are made from a single length of Miniductor 
stock with the specified number of turns removed to 
provide spacing between them. The same applies 
to L5 and L7. These are to the left of the 6146 
socket. L4 is between the doubler socket and C4. 
The trap coils are mounted with their axes verti-
cal, to minimize coupling to the band-pass coils. 
L6 is wound around and cemented to the by-
passed end of L5. 
The power lead r.f. chokes are mounted be-

tween single-terminal tie points on the rear lip of 
the chassis and the feed-through capacitors. The 
disk ceramic bypasses are then applied to the tie 
points. A single-terminal tie point mounted under 
RFC' holds one end of the 3300-ohm doubler 
screen resistor and the lead over to the terminal 
strip at the rear. A double tie point is mounted 
between the two 5763 sockets to support the by-
passod ends of 102 and 14. Another over nearer 
the rear of the chassis supports the cold end of 
L5 and the bottom of the doubler grid resistor. 
Wiring will be simplified by the following pro-

cedure. Before mounting the crystal switch, 
ground one terminal of each crystal socket 
through a bus wire. Connect short lengths of 
tinned wire to the other terminal of each socket 
that will be under the switch. Then when the 
latter is installed, the wires can be run to the 
proper contacts and soldered in place. Note that 
the front wafer of the switch is used for shorting 
out RFC1, while the crystal socket connections 
are made to the rear wafer, which is more ac-
cessible. The v.f.o. input socket is connected to 
the proper switch contact with a length of 
RG-58/ U coax. 

In assembling the power lead filtering compo-



17- V.H.F. TRANSMITTERS 
DBLR 
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5763 5763 6146 
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Fig. 17-4-Schematic diagram of 48-54-Mc. exciter. All capacitances less than .001 µf. are in Mid. All .001-µf. capad. 
tors are disk ceramic. All re4stors are 1/2 watt unless otherwise specified. 

Ci,C2, Ca -35-pi.d. miniature trimmer (Hammarlund 
MAPC-351. 

C4- 10-µµf. miniature variable (Hammarlund MAC- 10). 
CD-20-144f. miniature variable (Hammarlund MAC-20). 

C7-50-µµf. miniature trimmer (Hammarlund MAPC-50). 
Cs- 15-µµf. miniature trimmer (Hammarlund MAPC-15). 
C., C12-.001-gf. 3000-volt disk ceramic. 
CIO-35-µµf. miniature variable (Hammarlund HF-35). 
CH-100-W. miniature variable (Hammarlund MAPC-

1008). 
C12- 100-µµf. 1000-volt mica. 

CI J-C20-.001 -120. feedthrough-type ceramic (Centralab 
FT- 1000). 

Li- 16 turns No. 24, %-inch diam., 32 t.p.i. (B & W Mini-
ductor No. 3008). 

1.3-12 turns each No. 20, 1/4 -inch diam., 16 t.p.i 
(B & W Miniductor No. 3007). Make from one 
piece of Miniductor with 5 turns removed between 
coils. Cold ends are adjacent. 

Li- 10 turns No. 20, 1/2 -inch diam., 16 t.p.i. (B & W Mini-
ductor No. 3003). 

twills at the rear of the ehassis, the disk ceramic 
bypasses call most easily be mounted on the tie 
points belote the latter are fastemtd inside the 
chassis. Wiring up the power leads should be 
done before the r.f. chokes are mounted in place. 

• THE 50-MC. AMPLIFIER 
Though the exeiter and amplifier are pictured 

on a single panel, the possibility of using either 
by itself should not be overlooked. The exciter 
will make a fine low-powered transmitter, and 
the final amplifier may be used with any exciter 
delivering 15 watts or more. 

It Nv i 1 I take up to the legal limit of power with 
a 4-400A tube, 750 watts with a 4-250A, or 400 
watts with a 4-125A. 

tr,, 17-6 turns No. 20, 1/2 -inch diam., 16 t.p.i. (B & W 
Miniductor No. 3003). Make from one piece of 
Miniductor with 3 turns removed between coils. 

L6-2 turns hookup wire wound around cold end of 15 and 
cemented in place. 

1.8-4 turns No. 18, 3/4-inch diam., 8 t.p.i. (B & W Mini-
ductor No. 3010). 

.11, J2, h-Coaxial chassis fitting (Amphenol 83-112). 
-Open-circuit phone jack. 

RI-25,000-ohm 4-watt pot. 
R2-33,000-ohm 3-watt (3 100,000-ohm 1-watt in 

parallel). 
RFC' -2.5-mh. r.f. choke (National R-1005). 
RFC2, RFC2, RFC4-7-µh. solenoid v.h.f. choke (Ohmite 

Z-50). 
RFC5-6 turns No. 22 tinned wire, 1/4 -inch diam., spaced 

one-wire diam. 
RFCs-RFC12-15 turns No. 24 enam. close-wound on high 

value 1-watt resistor. 
Si -2-pole 12- position miniature ceramic rotary (Cen-

tra la PA-2005). 

The plate eircuit is a larger version of the one 
used in the 6146 stage of the exciter, a shunt-fed 
pi-network. Operation is completely stalde with-
out neutralization, proltably because the natural 
neutralized frequency of the tubes is close to 50 
Me. Provision was originally made for neutral-
ization, but it was found to be unnecessary. Para-
sit it. suppression devices were not required, but 
if the layout is varied appreeiablv from that 
shown, t in- builder should eheck for both types 
of instability with great care. 
The jack in the filament eenter-tap lead is for 

keying, or for insertion of a grid-bias modulator. 
A bias supply that delivers about 50 volts nega-
tive for the 6146 and 150 for the final amplifier 
is included in the final stage assembly. Filament 
transformers for the exciter and final are also part 
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50-Mc. Amplifier 

of this unit. Separate filament switches are in-
cluded; one for the exciter and the other for the 
final tube and the blower motor. Power leads 
except the high voltage, are brought in on an S-
pin plug. 

Building the Amplifier 

A 12 X 10 X 3-inch aluminum chassis is used 
for the amplifier unit. Thus, it may be combined 
with the exciter on a 1O3-inch rack panel, if 
desired. The amplifier controls mounted near the 
panel bottom are, left to right, the input link 
reactance capacitor, CI; the grid tuning capacitor, 
C2; and S1 and 82. S1 applies a.c. to the trans-
former for the exciter heaters and to the bias 
supplies. 52 applies a.c. to the filament trans-
former of the amplifier and starts the cooling fan. 
Above the switches on the panel are the amplifier 
plate tuning and loading controls. 
On the rear of the chassis, coaxial connectors 

for r.f. input and output are mounted at either 
end. Between them are the high-voltage con-
neetor for the plate supply, the cathode circuit 
jack, and a fitting for the remaining power and 
meter leads. 
Above the chassis, the 4-250A tube is seen 

near the front of the chassis. Note that its socket 
is mounted on -inch sleeves. Holes 3/3 inch in 
diameter are drilled in the chassis directly under-
neath those provided in the socket for the passage 
of cooling air. Holes are also drilled adjacent to 
the cathode, grid, and screen pins to pass 
their leads. Bypassing of cathode and 
screen is done above the chassis. The heat 
radiating plate connector for the 4-250A 
was cut down to four fins to reduce the 
over-all height requirement. The fila-
ment transformer, 7'3, and the screen 
mo(Ittl:it ion choke, Li, are also topside. 
The amplifier plate circuit components 

are to the left of the tube. The tuning 
capacitor, C7, originally a neutralizing 
capacitor, is mounted on the side wall of 
the shielding assembly. Two modifica-
tions should be made to the neutralizing 
unit before mounting. The circular plates 
supplied should be replaced with larger 
ones, 3 inches in diameter, to increase 
the available tuning range. The bearing 
assembly of the rotor disk must be 
temporarily removed, and a strap of 
copper run between the screw holding 
the bearing in place and the opposite 
(grounded) end of the square ceramic 

Fig. 17- 5— Bottom view of the 50-
Mc. exciter, showing band-pass cir-
cuits and TVI protective measures. 

insulating pillar, grounding the capacitor rotor. 
Two copper straps must be inserted between the 
stator disk and its insulator, to connect the stator 
with the blocking capacitor, C6, and with L3. 
The blocking capacitor, the shunt-feed r.f. 

choke, RPC2, and the high-voltage bypass, C6, 
are assembled into one unit before mounting in 
the amplifier. This is done with the aid of the 
hardware supplied with the TV-type high voltage 
capacitors. The bypass capacitor, on the bottom 
of the stack, is equipped with one terminal 
threaded and one tapped. The latter is on the 
bottom end, for fastening the assembly to the 
chassis. The threaded terminal screws into the 
2b;-inch ceramic insulator upon which RFC2 is 
wound. The ends of the choke winding are 
secured by lugs at each end of the insulator. C5 
should be fitted with a threaded terminal at the 
lower end for screwing into the top of the insu-
lator. This also serves to fasten the 3/i-inch wide 
strip of copper which runs up to the 4-250A 
plate cap. Finally, the longer of the two copper. 
strips coming from the stator of C7 is screwed to 
the top of C6. A !,;-inch feedthrough bushing 
brings the high-voltage up to the hot side of 
Cg. The loading capacitor, Cg, is mounted on 
the chassis directly underneath C7. The plate 
coil, L3, gets rather warm when the rig is oper-
ated at high power level, so both of its ends 
must be bolted in place rather than soldered. 
One end is bent around and fastened under a 
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Fig. 17-6—Interior of the 
50-Mc, final amplifier. Plate 
tuning capacitor is modified 

neutralizing unit, left. 

nut provided on the stator of Cg. The other 
is to the short length of copper strap 
previously fastened to the stator of Cr. A length 
of U coaxial cable is run bet.ween Cg and 
J2. At the capacitor end, this cable is connected 
to lugs under the stator and frame mounting 
SereWS. 

Solid sheet aluminum is used for the enclosure 
of this unit, as it must be reasonably airtight ex-
(('pt for holes direptly above the tube itself. The 
side that supports Cr must be of fairly heavy 
stock for I igidity. llome-I %-ineh angle stork 
was used to hold the assembly together. If the 
over-all height of the unit is kept to just about 
that of the 10 1.i-inch rack panel, there will be 
enough elearant.e above the tube plate connector. 

Most of the under-chassis components are 
visible in the bot tom view. The grid circuit is near 
the front edge of the ehassis. Cojiper strap con-
meets t lie tube soeket grid pin with the stator of 
C2. L2 t lien is soldered bet wi ell this strap and a 
tie point. Li is slid insiile t he i.old end of L2, and 
cemented lightly in place. 
The cooling fan sucks air in from the side of 

the amplifier near the back corner. The motor is 
mounted on an aluminum bracket. The fan as 
supplied will blow, rather than suck, so the 
blades must be bent back to reverse their pitch. 
A small piece of alumintun window screening 
shields the hole cut in the chassis side for the fan. 

Bias supply components occupy the lower left 

quarter of the bottom view. Layout and wiring 
of this portion of the rig is anything but ern ical. 
Shielded wire was used for all power leads. By-
passing at the power connector should be done 
wit it Very short leads, and C14 should be mounted 
as close as possible to the high-voltage connector. 

Adjustment and Operation 

An initial sett ing of the (twit er controls can be 
made before power is applied, if a grid-dip meter 
is available. The series traps, LiCt and L4C6 
introdure varying ammints of reactance across 
the tuned circuits when they are adjusted, so 
some further adjustment will be needed after 
these are set up finally, but the following proce-
dure will result in a dose approximation. 

I )is' tifleet one end of L3, Fig. 17-4. Couple t he 
grid-dip meter to L2 U11(1 tune it with C2 to about 
24.5 Me. Leaving 1.11e setting of C2 at that posi-
tion, lift one end or L2. Reconnee1 L3 and resonate 
C3L3 to about 25.5 Me. Reconnect L2, and the 
circuits should be set for operation Gn 48 to 52 
Mc. For 50 t iSI Me., the frequencies should be 
25.5 and 26.5 e. 

Procedure for the second I Mal 1-pass circuit is 
similar exeept for the frequetn ies involved. For 
48 to 52 Mc., disconnect L7 and tune C5LE, to 49 
Mc. Reconnect L7 and disconnect 14, tuning 
L7C8 to 51 Mc. Reconnect Là. For the 50- to 
54-Mc, range these frequencies would be about 
51 and 53 Me. 
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Fig. 17-7-Schematic diagram and parts list for the 4-250A amplifier. All capacitors marked .001 lit are 600-volt 

disk ceramic. 
CI-50-14d. miniature variable (Hammarlund HF-50). 
C2-15-µpf. miniature variable, double-spaced (Ham-

marlund HF-I 5X). 
Ca, C4, Cia-.001-µf. 1000-volt disk ceramic. 
Ca, Co, C14-500-opf. 20,000-volt ceramic (Cornell-

Dubilier MM120T5). 
C7-Disk-type capacitor with 3-inch diam. plates (made 

from Millen 15011). 
Cs-250-µ,uf. variable, double-spaced (Johnson 250-F20). 

CIO, C11, C12- 12-µf. 250-volt electrolytic. 
.12-Coaxial chassis fitting (Amphenol 83-111). 

.13-Closed-circuit phone jack. 
CR1-65-ma. selenium rectifier ( Federal 1002A). 
CR2-20-ma. selenium rectifier (Federal 1159). 
1.1-5 turns No. 24, 1/2 -inch diam., 32 t.p.i. ( B & W Mini-

ductor No. 3004). 
1.2- 4 turns No. 18, 34-inch diam., 8 t.p.i. ( B & W Mini-

ductor No. 3010). 

Connect a source of 6.3 volts a.c. at 2.5 amperes 
or more between the ground and heater termi-
nals, and a low-range meter from the doubler 
grid return terminal to ground. Insert crystals 
for the desired frequency range. Apply about 200 
volts d.c. to the oseillator plate-screen terminal 
through a 50- or 100-ma. meter. Current should 
be 20 to 30 rna., and grid current in the following 
stage should be about 0.5 ma., when the voltage 
is increased to the normal 3(10 volts. Touch up 
the tuning of the band-pass circuit, if necessary, 
to get uniform response across the desired range. 
The trap circuits eau be adjusted at this point, 

tuning for minimum signal at the frequency to 
be attenuated in each ease. A receiver tuning to 
the harmonie frequencies is helpful. These will be 
about 18 to 20.25 Mc. for the first trap and 56 
to 60 Me. for the second, if they are for Channel 2. 
A TV receiver on the channels to be proteeted 
may also be used, merely tuning the traps for 
minimum TVI. Some slight readjustment of the 

13-6 turns No. 12 tinned wire, 1 -inch diam., spaced twice 
wire diam. 

14-Filter choke, about 10-hy. 100-ma. (Triad C- 10X). 
Bi -Blower motor and fan (Allied cat. No. 72P715). 
R1-20,000 ohms 10 watts. 
R2-500 ohms 2 watts (2 1000-ohm I -watt resistors in 

parallel). 

RFC', RFC3-7-pl. solenoid choke (Ohmite Z-50). 

RFC2-Solenoid choke, 42 turns No. 24 d.c.c. close-
wound on 1/2 -inch diam., 21/2 -inch long insulator 
(National GS- 2). 

S3-Single- pole single-throw toggle switch. 

Ti -Power transformer, 135 volts at 50 ma. (Triad R-30X). 

T2-Filament transformer, 6.3 volts at 3 amp. (Triad 
F- 16X). 

T3-Filament transformer, 5.2 volts c.t. at 15 am. (Triad 
F- lu). 

band-pass circuit may be needed after the final 
trap tuning is done. 
Now remove the grid current meter and ground 

tile metering terminal in the doubler grid circuit. 
Connect a meter (0 to 5 ma, or more) between 
the terminals provided for measuring the 6146 
grid eurrent. Set the screen potentiometer, kb to 
about the middle of its range anti apply about 
200 volts to t he doubler plate-screen input termi-
nal. Adjust t he band-pass circuit, L5C5, L7C6 for 
nearly uniform rest) (Ilse across the desired range, 
using the 6146 grid current as the output indica-
tion. There should be at least 2 ma. across a 4-Me. 
range when the doubler plate voltage is raised to 
300. Note that the screen potentiometer coin rols 
the input to the doubler, and through it the 
excitation to the 6146. 
The 48-Me. output coupling adjustment, L6C7, 

may be checked at this time. The line to a 144-
Me. tripler stage should be connected to J2, and 
the series capacitor, C7, adjusted for maximum 
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17- V.H.F. TRANSMITTERS 

grid current in the driven stage. Iterheek the at 
of till' ha 11(1-1):ISS Virellit :I rt Pr this is (1011V. 
I 1t aitittitlier stage had to be neutralized 

for sial It' operation. Its adjustmunt was not (' rit-
lea!, however, and Cm multi be set anywhere near 
minimum capacitance %yin' good results. Start 
out with its plates meshed about ineh. With 
grid drive applied but no plate or screen voltage, 
tune the 6 1-16 plate circuit through resonance, 
trying various settings of Cm until there is no 
grid current dip at resonance. 
A load for the 61-16 output eireuit is now re-

quired. This ean be a - 10- or 60-watt lamp, with 
a 50-,upf. capaeitor in series to tune cad its react-
ance. Adjust it for minimum rellected power, as 
intlicated on an s.w.r. bridge. Whit the load con-
nerted anti grid drive on, apply 3(X) to 400 volts 
to the tunplitier plate and screen terminal. Tune 
Cur for maximum indicated output. Loading can 
be adjusted by varying CH, retuning ("10 after 
each movement of CH-

lierheek for neut ralization at this point, work-
ing for a setting of Cq at %%licit mit itnum plate 
rurrent, maximum grid current, and maximum 
output all occur tlw same set t ing of the plate 
tuning (* Nit:It'll tit', Cui. The input t'titi be run up to 
til ottt 65 watts wit It plate n10(11110 i0/1 lUld 35-40 
watts output should be / ibtained. Higher input 
can be run On e.w. Plate voltage should not ex-
eeed ; IIH tut 400 with plate modulat ion, though it 
can be somewhat more for c.w. 
Now make a final cheek on the trap circuits, 

if necessary. ln ease TVI is experienced, adjust-
the t raps while someone watches t he TV screen, 
told st t' whether any improvement is possible. 
Remember that the traps shown were designed 
primarily to reduce Channel 2 interferenee. 
Where the trouble is with other rhannels, the 
trai is can modified to reduce the offending 
harmonic as required. A low-pass filter or a 4th 
harmonie trap will be ¡wetted if there is harmonie 
interference in Channels 11-13. 
The iOn plifier as shown furnishes heater voltage 

and Kitt tel ive bias for the exciter. Ilook together 
the 6.3- volt and ground terminals of the two 
units, and connect the bias output pin on the 
amplifier to the 6146 grid return in the exciter. 

Fig. 17-8—Bottom view of 50-Mc, ex-
citer and amplifier. Note that the two 
units are built separately, though they 
mount together on a sirgle panel. 
Amplifier unit includes bias and fila-

ment supplies for both. 

Apply 115 volts a.c. to the appropriate pins on 
the amplifier pmver plug. When Si, Fig. 17-7. 
is elosed, the exeiter heaters : Intl the bias supplies 
are energized. The bias voltages are about 50 and 
150 negative for the driver allf I amplifier, respee-
tively. Closing S2 lights the amplifier filament 
and starts the fan motor. 

For the initial testing of the amplifier discon-
nect its fixed bias supply, by lifting the connee-
tion between RI and 112, so that, instability will 
be more evident. Connect the output of the 
exciter through a length of coaxial eable to .11. 
I It it,k a 0-25- or 0-50-ma. meter to the terminals 
provi,led for measuring grill eurrent. Turn on the 
exciter and adjust the driver out ieut and amplifier 
input for maximum grid current. Set this current 
bet ween 10 and 15 ma. with the exeitation con-
trol, RI, in the exciter. To insure proper adjust-
ment, of the amplifier grid circuit, insert an s.w.r, 
bridge unit such as a Nliet.timatch in the coax 
connecting the driver and amplifier, and tune C1 
and G2 in the amplifier alternately for minimum 
reflected power. Adjust, the driver tuning for 
maximum forward power. 

Never apply screen voltage without having the 
plate voltage on also, and do not, operate the 
amplifier without load. Either will result in ex-
cessive screen dissipation, and almost certain tube 
failure if eontinued for any length of time. A 
usable dummy load for test ing eall be made by 
connecting two or more 1(10-watt lamps in 
parallel. A variable series c•apacitor, 50 ilaf, or 
more, will be helpful in making the lamp load 
something like 50 ohms, resistive, at this fre-
(iuency. 

It is Nvell to start with something It than 
maximum vcItages in testing. If the plate v'eltage 
is under 1000 and t he semen voltage about 20t) to 
300 volts, little harm can result if something is 
not quite right. With the dummy load conneeted, 
apply plate and semen voltages. Set, Cm near the 
middle of its range and tune C7 for ma xi ti un out-
put. If this occurs at or close to the end of the 
tuning range of C7, adjust the spacing of the turns 
in the plate coil accordingly. Adjust C8 for maxi-
mum output, returning G7 as required. If the 
grid current dropped below 10 ma. under load, 
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increase the drive with the doubler screen po-
tentiometer in the exciter. 
Cheek now for stability. Briefly cut off the 

drive and see if the amplifier grid current drops 
to zero. If it doesn't, the amplifier either needs 
neutralization, or it has a parasitic oscillation. If 
no grid current shows with drive removed, note 
whether, when drive is applied and the amplifier 
is tuned properly, maximum output, minimum 
plate current and maximum grid current all occur 
at the same plate tinting. If they do, the amplifier 
is operating satisfactorily. 

If oscillation does show up, check its fre-
quency. If it is much higher than the operating 
frequency (probably over 150 v.h.f. para-
sitic suppression measures are in order. If it is 
in the 50-Me. region, neutralization will be re-
quired. These troubles are most common in 
mimh ihand designs, and unlikely in a layout of 
this sort. Neutralization of the capacity-bridge 
type, like that in the exciter, can be ineorporated 
readily, and parasitic suppression is eoveri4i in 
detail elsewhere in t ins Handbook. Neutralizat it 
may i•equire mblitional grid-plate capacitance in 
some layinits. Pnivision was made for neutraliza-
tion in the original layout (explaining the plugged 
hole in the front panel), but it was found to be 
unnecessary. 
When the timplifier is operating stably, the 

plate and s•reen voltages may be increased in 
accordance with the tube manufacturer's ratings, 
for the type of operation intended. Operating 
conditions are different for the three tubes which 
can be used and they should follow the manu-
facturer's recommendations. This is not to say 
that variations from the pul dished data are un-
safe or undesiralile. Any of the values can be 
varied over quite a range if the maximum rating 
for each tube element concerned is not exceeded. 
In this connection, it is highly desirable to pro-
vide continuous metering for the grid, screen, and 
plate currents. This, with a knowledge of the 
applied voltages, will help insure proper operation 
and make correct adjustment a simple matter. 

o A 144-MC. DRIVER-AMPLIFIER 
The unit shown in Figs. 17-9 through 17-14 

is a three-stage tripler-driver-amplifier that may 
be used with the exciter just described. Driving 
power at 48 Mc. may be taken from the doubler 
stage (by connecting to J2 in Fig. 17-4) or from 
the output stage, running at low power. Almost 
any 50-Me. transmitter of 3 to 5 watts output 
could be used by substituting a suitable crystal 
and retuning the stages for operation at 48 to 
49.3 Mc. If a small 144-Mc. transmitter is avail-
able, the tripler stage may be dispensed with, in 
which ease about 5 watts drive on 144 Mc. is re-
quired. 

This section of the station is built in two parts. 
The tripler and driver stages are in the small 
portion at the right of Fig. 17-9, with the final 
stage at the left. All are push-pull stages, the 
tripler and driver using dual tetrodes. The tripler 
is an Amperex 6360, followed by an RCA 6524 
straight-through amplifier. This drives a pair of 
4-125As in the final stage. 

Input to the 4-125As can be up to 600 watts 
on a.m. phone, or 800 watts on c.w. or fan. By 
suitable adjustment of screen and plate voltages 
the power can be dropped as low as 150 watts in-
put and still maintain good efficiency. Some 
means of reducing power is highly desirable, as 
mt tst operat hat on 144 Nlit. can be carried on satis-
factorily with low power. 

The Driver Portion 

The tripler and driver stages, Figs. 17-11 and 
17-12, both operate well below their maximum 
ratings. Self-tuned grid circuits are used in each 
stage. Titis simplifies construction, and in the 
case of the driver stage, reduces the possibility 
of self-oscillation. With a surplus of drive avail-
able, the grid circuit of the 6524 may be resonated 
as low as 130 Mc. There is little tendency to 
tuned-plate tuned-grid oscillation, therefor, and 
neutralization is not required. 

Tripler and driver are built, on a standard 
5 X 10 X 3-inch aluminum chas-
sis, with the tripler at the back. 
Its plate circuit is tuned from the 
front panel by an extension shaft. 
Omission of the screen bypass 
on the tripler is intentional as 
the stage works satisfactorily 
without screen bypassing. 
The 6524 is easily over driven. 

This may be corrected by squeez-
ing the driver grid coil turns 

Fig. 17-9—The high-power 2-meter 
rig, with shielding enclosures in place. 
The small unit at the right houses the 

tripler and driver stages. 
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closer together, lowering the resonant frequency 
until the desired 2 5 to 3.5 ma. is obtained across 
the band. The farther it can be resonated Itelow 
144 Mc. the less likelihood there is of self-oscilla-
tion in the driver stage. 
The 6524 is mounted horizontally, and holes 

are drilled in the chassis under the iulte to allow 
for air circulation. Plate leads are made of thin 
phosphor bronze or copper. bent into a semicircle, 
connecting the butterfly capacitor and the heat-
dissipating connectors. This allows the latter 
to be removed for changing tubes, without put-
ting undue strain on t he plate pins. The eonnee-
tors llave to be sawed or filed down on the insides 
to fit on the 6524 pins. The coupling link at the 
driver plate circuit is tuned, to provide efficient 
transfer of energy to the amplifier grids. 
Small feel It bypasses are used in the 

driver screen circuit. Cr, is mounted in the alumi-
num plate that supports the Il52-1 socket, and C6 
is in the chassis surfile)'. 

Amplifier Features 

Design of the 1-12.5.1 grid circuit is important, 
in achieving eflipient transfer of energy from the 
driver stage. The input capacitance of the large 
tetrodes is so high that a tuned grid eireuit of 
conventional design cannot be used at 1-14 Mi'., 
so a half-wave line is substituted, as shown in 
Figs. 17-13 and 17-11. The input coupling link 
is series tuned, permitting adjustment for mini-
mum standing wave ratio on the coaxial line 
conneeting it to the driver stage output link. The 
grid line, L1 L. is made of Vi-inch copper tul dug, 
to reduce heat losses. 

Maintaining the 4-125A screens and filament 
leads at ground potential for r.f. is necessary for 
stability. To this end, the tube soekets are 
mounted al ove the chassis, rather than below. 
They are elevated only enough to allow the 
sorket contacts to clear the chassis, and are 
mounted corner to corner, with the inner corners 
al most, touehing. The grid line is brought. Ill) 
through 1 :,-ineh chassis holes and soldered di-
rectly to the grid contacts. This determines the 
line spacing, about 11'.',-inches center to center. 

The inner filament terminals on each socket 
are grounded to the chassis. The others voluted 
to feedthrolegh bypasses with the shortest 
possible leads. These are joined under the chassis 
with a shielded wire and tied to the filament 
transformer. The r. f. chokes in the semen leads 
are under the chassis, their wire leads coming up 
through Millen type 32150 feedthrough bush-
ings inserted in chassis holes under the screen 
terminals. The t wo screen terminals on each 
socket are strapped together with a -inch 
wide strip of Hashing copper. The screen neu-
tralizing capad toi' is mounted as close to the 
sockets as possible and still leave room for the 
shaft coupling on its rotor. Leads to its stators 
are & tout one half inch long. 

.1 lore compact and symmetrical design is 
possible if a modified single -siltion capacitor 
is used for C6. It should be tlw tyme having 
supports at both ends of the rotor shaft. Tlw 
Millen 19140 and Hammarlund MC-140 are 
suitable units for the purpose. '1'lle stator bars 
are sawed at eaeh side of the venter stator plate. 
The front rotor plate is removed, making a 
split-stator variable with 4 plates on melt stator 
and 8 on the rotor. This proeedure may not be 
appliealile to all 140-tetef. capacitors, but any 
method that results in a balaneed unit having 
about 50 Ka. per section should do. 

Construction of the final plate circuit should 
be (' leal' fo ( n) Fig. 17-10. Tuning is done with 
parts of a disk-type neutralizing capacitor ( Mil-
len 15011) mounted on ceramic stand-offs 31., 
inehes high. These are made of one 1-inch 
and one 21-(,-inch stand off each, fastened to-
gether with a threaded insert. Connection to 
the lines is made with copper or silver strap. 
•P 2 inches from the plate end. Silver plating of 
:ill tank cire nit parts is a worth-while investment, 
though it should not be eonsidered a neeessity. 
A shaft mewling desigml for high-voltage service 
is attached to the t Invaded shaft of the movable 
plate, and this is rotated with a shaft of insulating 
material brought out to the front, panel. 
A word about the extension shafts is in order 

at this point. If they are of metal they may 
have a serious detuning effect. 
in some circuits, even though 
they are connected through in-
sulating couplings. Bakelite rod 
is fine, but since the insulat-
ing qualities are of no iinpor-
tamp, wtxxlen doweling 
will do the job just as well. 
Lucite or polystyrene rod will 

Fig. 17- 10—Rear view of the 4-125A 
final stage. The split-stator capacitor 
near the middle of the picture is the 
screen neutralizing adjustment. The 
plate line is tuned with a capacitor 
mode from parts of a neutralizing unit, 

mounted on ceramic stand offs. 



144-Mc. Driver-Amplifier 

JI 

48 Mc. 

L, 
L, 

TRIPLER 

1 
;.7.; 

6360 6524 
9();)„5 5r..› 

144 Mc. 

3 L4 L3 

R2 

-300 +300 
-400 

Fig. 17-11—Schematic diagram of the tripler and d 

C1, C2-10.5 se-per-section butterfly variable ( Johnson 
101115). 

Ca-25-µgf. screwdriver-adjustment variable (Hammar-
lund APC-25). 

C4-25-µ0. miniature variable ( Bud LC- 1642). 
CS, C6-500-j4. feed-through bypass (Centralab FT-

500). 
R1-11,000 ohms 2 watts (two 22,000-ohm 1-watt re-

sistors in parallel.) 
R2-50,000 ohms 2 watts (two 100,000-ohm 1-watt re-

sistors in parallel). 
LI — 2 turn insulated wire around center of L. Twist leads 

to .11 and Cs. 
12-13 turns No. 20, %-inch diam., Vs-inch long, center 

tapped IB & W Miniductor No. 3007). 

not stand the heat and should not be used. 
The final chassis is aluminum, 10 by 12 by 3 

inches, matching up with the driver chassis to 
fit into a standard 101A-inch rack panel. Com-
plete enclosure is a must for TVI prevention, 
and it pays dividends in improved stability by 
providing effective isolation of circuits that 
tend to give trouble in open layouts. 
The enclosures were made by mounting M-inch 

aluminum angle stock around the edges of the 
chassis of both units and cutting the sides and 
covers to fit. It was not intended to cool the 
driver unit originally, so the en-
closure was made of perforated 
aluminum. The blower for the 
final provided plenty of air, how-
ever, so three holes are made 

Fig. 17- 12—Side view of the tripler 
and driver stages. Coil adjacent to the 
6360 tripler tube is the grid coil for 
the 6524 driver. Plate leads for the 
driver tube are flexible copper straps, 
to permit removal of the tube from its 
socket. Screwdriver adjustment at the 
lower right is the reactance tuning 

capacitor for the tripler input link. 

DR IVER 

5 

C6 

470 

144 roc. 
L7 L 

RFC 

+400 

river stages of the high-powered 2-meter transmitter. 

13-3 turns No. 14 enamel, 3/4 -inch diam., spaced VI6 inch 

center-tapped. 
L4-2 turns No. 18 enamel, same as L3, inserted at center. 
1.6-2 turns No. 18 enamel, same as 1.04 inserted at center. 

Ls-4 turns No. 14 enamel, V2- inch diam., turns spaced 
wire diameter. 

L7-2 turns No. 14 enamel, 1-inch diam., spaced 'A inch. 

Ls-1 turn No. 14 enamel between turns of 1.7. 

Ji, Ja— Coaxial fitting, female (Amphenol 83-1R). 

Ja, J4, .15—Closed-circuit jack. Insulate 1:, from panel and 

chassis. 
MAI— External meter not shown in photo, 200 ma. 

SI — Toggle switch. 

Ti — Filament transformer, 6.3 volts, 3 amp. (UTC S-55). 

in the walls of the two chassis to allow some of 
the air flow to go through the driver enclosure 
as well. The chassis are bolted together where 
the vent holes are drilled. The main flow is 
up through the amplifier chassis, around the 
4-125As, and out through the 1/I-inch holes 
drilled in the top cover above the tubes. Holes in 
the amplifier chassis are drilled to line up with 
the ventilating holes in the 4-125A sockets. All 
other holes and cracks are sealed with household 
cement to confine the air to the desired paths, 
and bottom covers are fitted tightly to both units. 
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17- V.H.F. TRANSMITTERS 
The somewhat random appearance of the 

front panel is the result of the development of 
the unit in experimental form. A slight rear-
rangement of some of the noncritical com-
ponents could be made to achieve a symmetrical 
panel layout readily enough. 

Operation 

The two units have tlieir own filament trans-
formers. Plate supply reydrements are 300 volts 
at 50 ma. for the tripler, 400 volts at 100 ma. 
for the driver, 300 to 400 volts at 75 ma, for the 
final sereens and 1000 to 2500 volts at 400 ma. 
for the final plates. The driver plates and final 
screens may be run from the saine supply, but 
more flexibility is possible if they are supplied 
separately. A variable-voltage supply for the final 
screens is a fine way to control the power level. 

In putting the rig on the air the stages are 
fired up separately, beginning with the tripler. 
A jack (.13, in Fig. 17-11 ) is provi,led on the front, 
panel for measuring t he 6360 grid II rient. About 
1 ma. through the 150,000-ohm grid resistor is 
plenty of drive. The series capacitor, C3, in the 
link can be used as a drive adjustment, if more 
than necessary is available. 

;1„ 

RFC 

L2 

Next plug the grid meter into the 6524 grid 
current, jack, Ji, and tune the 6360 plate circuit 
for maximum grid current. If it is higher than 3 
to 4 ma. increase the inductance of the grid coil. 
L6, by squeezing its turns closer together. Now 
apply plate and screen voltage to the 6524, and 
check for signs of self-oscillation. If the plate cir-
cuit is tuned dtmen to the same frequency as that 
at which the grid coil resonates with the tube 
capacitance, the stage may oscillate, but if it is 
stable across the intended tuning range there 
should lue no operating difficulty resulting front a 
tendency to oscillate lower in frequency, and no 
neutralization should be needed. 

Connect a coaxial line between the driver 
output and the final grid input preferably with 
a standing-wave bridge connected to indicate 
the stall/ling-wave ratio on this line, l'une the 
driver plate circuit and its series-tuned link for 
maximum grid Ii rrent in the final amplifier. Ad-
just the final grid tuning. Cu. for maximum grid 
current. and the soli( s capacitor. C3, in the link 
for minimum relli•etu41 power on the s.w.r. bridge. 
Adjust the coupling loop position for maximum 
transfer of power, using the least coupling that 
will achieve this end. 

AMPLIFIER 

4-I25A 

3 

Fig. 17- 13—Schematic diagram of 
CI — 3O-d.-per-section split-stator variable (Hammer-

und HFD-30X). 

C2—Plate tuning capacitor made from Millen 15011 
neutralizing unit; see text and photo. 

C3-25-µµf. miniature variable (Bud IC- 1642). 
C4,Cs —500-µgf. feedthrough bypass Centralab FT-500). 

CG—Approx. SO-pf.-per-section split- stator variable. 
Make from Millen 19140 or Hammarlund MC-
140; see text. 

C7 - 25-mµf. variable (Johnson 251.15). 
Cs-0.25-0. tubular. 
Ri - 5000 ohms, 10 watts. 

Lu, L2- 1/4 -inch copper tubing, 12 inches long, spaced 11/2 
inches center to center. Bend around 11/2 -inch 
radius, 1 inch from grid end. 

L3—loop made from 5 inches No. 14 enamel. Portion 
coupled to line is 1 inch long each side, about 
34 inch from line. 

 I EF 

+ 300 
TO 400 V. 

the 4-125A amplifier for 144 Mc. 

Li, Lo- 1/2 -inch copper tubing 12 inches long, spaced 1%2 
inches center to center. Bend around 2-inch radius 
to make line 4 inches high. Attach C2 41/2  inches 
from plate end. 

Ln— Loop made from 7 inches No. 14 enamel. Sides spaced 
11/4  inches. 

LT-5-11. (min.) 100-ma, rating filter choke. 

12—Coaxial fitting, female (Amphenol 83-1R). 

MAI, MA2, MA2—External meters, not shown; 100, 200 
and 500 ma. 

M—Motor-blower assembly, 17 c.f.m. (Ripley Inc., Middle-
town, Conn., Type 8433). 

RFC—V.h.f. solenoid choke (Ohmite Z-144). Four required 
Si—Toggle switch. 

52—Rotary jack-type switch (Mallory 720). 

— Filament transformer, 5-volt 13-amp. (Chicago 
FO-513). 
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144-Mc. Amplifier 

Adjust the screen neutralizing capaeihir, c6, 
for tnaximum final grid current , with the plate and 
screen voltages off. Do not attempt to run the 
final stage without load. With a fixed screen 
supply the screen dissipation goes very high 
when the plate load is removed or made too light. 
It is important to meter the screen current at 
all times. With 4-125As danger to the plates 
can be detected by their color, but the screen 
eurrent is the only indication of possible damage 
to that element. 
There is no suitable inexpensive dummy load 

for testing a v.h.f, rig of this power level. The 
best load is probably an antenna. This can be an 
indoor gamma-matched dipole, fed with coax. 
Its series capacitor should be adjusted for a 
standing-wave ratio close to 1:1. The Micro-
mat ch can be used in this operation, but adjust-
ments should be made at less than full power. 
Watch for any sign of heating in the bridge unit. 
The position of the coupling loop, L6, should 

be adjusted for maximum transfer of energy to 
the antenna, keeping the coupling as loose as 
possible. The series capacitor, ('7, can be used 
as a loading adjustment thereafter. If the screen 
voltage is continuously variai du' it will lw found 
that there is an cptimutn value around 325 to 
350 volts. 

Below are some conditions under which the 
rig has been operated experimentally: 

Singe E, 

Tripler 300 v. 35 nia. 1.5 ma. 
1)river 400 v. 92 tna. ma. 3-4 ina. 
Final 1000 v. 300 ina. 400 v. GO nia. 22 ma. 

Final 2000 v. 350 nia. 350 v. 45 ma. 20 ma. 
Final 2500 v. 400 nia. 320 v. -10 ¡na. 18 ina 

The first and third conditions given for the 
final stage represent extremes, both exceeding 
the tubes' ratings in some way, so they are not 
rerommended. At low plate voltages the serve's 
has to lie nus above recommended ratings to 
make the t draw their full rated plate eurrent 
and operate efficiently. At high plate voltages 
the screen dissipation &tips markedly. The use 
of 4-125As at a full kilowatt input exceeds the 
manufacturer's maximum ratings, and is done at 

Fig. 17- 14—Under- chassis view of the 
2-meter transmitter. Tripler grid and 
plate circuits are at the upper left. 
Only two of the three jacks on the front 
panel show in the lower left. The half-
wave line used in the 4-125A grid 
circuit is the main item of interest in the 
amplifier section. Both units are fitted 
with bottom covers, to provide shield-
ing and confine the flow of cooling air 

to the desired areas. 

the user's risk. To operate safely, the maxi-
mum plate voltage for voice work at 144 Mc. 
should probably not go over 2000. At this level 
the tubes will handle 600 watts input on voice, 
and 750 watts on c.w. easily. 

Modulation and Keying 

Keying is done in the screen eircuit of the 
driver stage, and its the screen and plate circuits 
of the tripler. Cathode keying of the driver 
was attempted, but it caused instability trou-
bles, so was abandoned. The screen method 
makes the key hot, so an insulated key or a 
keying relay must be used in the intent of safety. 
The keying jack must be insulated from t he panel. 

Fixed bias for the final amplifier is provided 
by the VR-tube method. When the tube ignites 
at the application of drive, the capacitor Cs 
charges. Removing excitation stops the flow 
through the VR tube and leaves the negative 
charge its the capacitor applied to the amplifier 
grids. The effectiveness of this system requires a 
low-leakage capacitor for C. 

Modulation is applied to the plates only. A 
choke of about 10 henrys is conneeted in the 
screen lead, or the modulation cats be supplied 
through a screen winding on the modulation 
transformer. The bypass value in the screen cir-
cuit should be low enough to avoid affeeting the 
higher at frequencies. Oceasionally audio res-
onance its the Est- reels ehoke may cause a singing 
effect on the modulation. If this develops, the 
ehoke may lw shunted with a resistor. Use the 
highest value that will stop the singing. 

In neutralizing the 4-I 25.s it May be found 
that what appears to lw the hest setting of the 
serve's capavitor will result in it very large drop 
in grid current when plate voltage is applied. 
The setting may be alti.red slightly, raising the 
full-load grid current. wit la ti adversely affecting 
the stability of the amplifitir. The fillal eheek for 
neutralization is twofold. There should be no 
oscillation when drive is removed: and maximum 
grid current, minimum plate current and maxi-
mum output should all show at one setting of 
the plate tuning capacitor. The latter condition 
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Fig. 17-15— Antenna couplers for 50 and 144 Mc. designed for use with the high-power transmitters 
on the previous pages. 

may be observed only when the amplifier is 
operated wit Lout fixed bias. 

• ANTENNA COUPLERS FOR 
50 AND 144 MC. 

The antenna couplers shown in Figs. 17-15, 
and at the t op of Fig. 17-1, can be used with 52-
ohm or 75-ohm coaxial line, and with balanced 
lines of ant- impedance from 200 to 600 ohms or 
more. The' were designed for use with the high-
power trot ISM it ters described previously, but may 
be used at any power level. 

Construction 

The two couplers are identical circuitwise. 
They are built inside a standard 3 by 4 by 17-inch 
aluminum chassis, with a bottom plate to corn-
plate the shielding. The panel is 3! inches high. 
If only one coupler is required, a 3 by 4 by 6-inch 
utility box can 1* used. Terminals on the back 
of the chassis include a coaxial input fitting and 
a two-post output fitting for each coupler. The 
circuit diagram, Fig. 17-16, serves for both. 
The 50-'.1c. coils are cut from commercially 

ova i la I de stock, though they can be made by hand 
if desired. The coupling winding, LI, is inserted 
inside the tuned circuit. The polyethylene strips 
on which the coils are wound keep the two coils 
from making electrical contact, so no support 
other than the wire leads is needed. 

Leads to L1 are brought out between the turns 
of L2, and are insulated from them by two sleeves 
of spaghetti, one inside the other. Do not use the 
soft vinyl type of skewing, as it will melt too 
readily if, through an accident to the antenna 
system, the coil should run hot. In the 144-Mc. 
coupler the positions of the coils are reversed, 
with the tuned circuit, L2, at the center, and the 
coupling coil outside it. 

Similar tuning eapaeitors are used in both 
couplers, but some of the plates are removed 
from the one in the 144-Mc. circuit. This pro-
vides easier tuning, though it has little effect on 
the minimum capacitance, and therefor on the 
size of the coil. 

Adjusting the Couplers 

An antenna coupler can be adjusted properly 
only if some form of standing-wave bridge is 
connected in the line between the transmitter 
and the coupler. If it is a power-indicating type, 
so much the better, as it then can be used for 
adjusting the transmitter loading, and the work 
can be done al normal transmitter power. 

With the bridge set lo read forward power, 
adjust the coupler capacitors and the transmitter 
tuning roughly for maximum indication. Now set 
the bridge to read reflected power, and adjust 
the antenna coupler capavitors. first one and then 
the other, until minimum reflected power is 

Fig. 17-16—Circuit and parts information for the v.h.f. 
antenna couplers. 

C1-100-ispf. variable for 50 Mc., 50-d. for 144 Mc. 
(Hammarlund MC-100 and MC-50). 

C2-35-µpf. per-section split-stator variable, 0.07-inch 
spacing (Hammarlund MCD-35SX). Reduce to 
4 stator and 4 rotor plates in each section in 
144-Mc, coupler for easier tuning; see text. 

Ji— Coaxial fitting, female. 
Js— Two-post terminal assembly (National FWH). 
L-50 Mc.: 4 turns No. 18 tinned, 1 inch diameter, 1/4 .inch 

spacing (Air-Dux No. 808T). 
114 Mc.: 2 turns No. 14 enam., I inch diameter, Va' 

inch spacing. Slip over L2 before mounting. 
12- 50 Mc.: 7 turns No. 14 tinned, 11/2  inch diameter, 1/4  

inch spacing (Air Dux No. 1204). Tap 11/2 turns 
from each end. 

144 Mc.: 5 turns No. 12 tinned, 1/2  inch diame^er, 1/4  
inch long. Tap 1 1/2 turns from each end. 

achieved. Unless the line input impedance is very 
highly reactive, it should be possible to get the 
reflected power down to zero, or very close to it. 
Adjustment of the coupler is now complete. 
Tuning for maximum transfer of power from the 
transmitter is done enlirely at the transmitter. 
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Simple Transmitters 

Simple Transmitters for 50 and 144 Mc. 

'nip two transmitters shown in Fig. 17-17 • 
desiglied to fill several needs. They can be used 
as complete r.f. sections for 50 and 144 Mc., or 
they serve well as exciters for higher-powered 
amplifiers. Depending on the final amplifier tubes 
chosen, the power level can be anything from 
under 10 to as much as 50 watts input. At low 
power they are well suited to mobile and portable 
applications. Provision is included for c.w. opera-
tion. Modulation equipment for the transmitters 
can be found elsewhere in this Hate/book. 
The designs are as similar as possible, mechani-

cally and electrically, the tubes and many of the 
parts being interchangeable. They are built on 
standard 5 by 10 by 3-inch aluminum chassis, 
with shield covers of perforated aluminium over 
their out put stages. These shields are an aid to 
TVI prevention, and they provide proteetion for 
the tuned circuits minded topside. 

Circuitry 

Both transmitters employ third-overtone crys-
tal oscillators of simple design. Crystals should 
lie in the range between 8.34 and 9 Mc. or 25 and 
27 Me. for 50-Me. operation. For 144-Me, work 
the crystals are 8 to 8.22 Me. or '24- to 24.66 Mc. 
If the feedback in the oscillator circuit is adjusted 
to make conventional 8-Me, crystals oscillate on 
their third overtone, crystals in the 24-to 27- 1 i•. 
range will also work. If only the latter (third 
overtone) type crystals are used, the feedback can 
be set at a lower level. This is controlled by the 
position of the tap on the coil, Li. Crystals in the 
8-Me, range that multiply out close to a band 
edge should be checked carefully under actual 
operating conditions in the equipment, as the 
oscillation frequency may not be exactly three 
times that marked on the holder. 
The oscillator is the triode portion of a 6U8 

triode-pentode. The pentode section is a fre-
quency multiplier, doubling to 50 Me. in the 

Fig. 17-17—Transmitters for 
50 (right) and 144 Mc. Designs 
are similar and many parts are 
interchangeable. Power ratings 
may be varied from under to 
more than 50 watts input, de-
pending on tube used in the 

output stage. 

6-noter t rarismitter anti tripling to 72 Me. in the 
144-Me. one. The doubler section drives the out-
put stage in the 50-Mr. rig. An extra stage is 
required to reach 144 Mc. This is a 12AT7 dual 
triode with its corresponding triode elements 
connectiq in par:dlel, doubling from 72 to 144 
Me. The output stage is a 2E26, where the input 
power is to be under 25 watts. A 6146 may be 
used at higher power levels. There is substantially 
no difference in the driving power required by 
these tubes, and they can be interchanged with 
only slight readjustment of the tuned circuits. 
When the exciters are to drive an amplifier 

using an 829B or a 5894, the output tube should 
be a 2E26. The plate supply voltage need be no 
more than 300 volts, and as little as 200 may 
suffice. Vt*hen the units are used alone the final 
plate voltage should be 300 for a 2E26, or 400 to 
500 for the 6146. If the latter tube is used in ex-
citer service the output will be sufficient to drive 
let rode amplifiers of up to 1 kilowatt input. 

Construction 

Arrangement of parts is not particularly criti-
cal, though it would be well for the inexperient441 
constructor to follow the layouts shown closely in 
all principal details. Layout drawings, Figs. 17-21 
and 17-25 are provided for those who may wish 
to make exact duplicates. The dimensions given 
apply only when identical parts to those of the 
original are purchased. Check sockets, partivii-
lady, for mounting dimensions before following 
the layouts in complete detail. 
The shield covers of the two transmitters were 

made in slightly diff.irent ways, to illustrate 
differing techniques. The method used in the 
50-Mc, unit may be the easier of the two for 
amateurs not well equipped with metal working 
tools. The front and back plates are 5 invites wide 
and 4 j inches high. The bottom half inch of each 
plate overlaps the main chassis, and is fastened 
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to it with self-tapping serews. The eover is mad( 
of perforated aluminum, available in many hail!-
ware stores. This can be cut and bent with simple 
tools. Th, box thus umd, is 4 inches high, 5 inches 
wide and 5 inches Th, perforated cover is 
made larger than these dimensions by about :h;( 
inch on all sides. The extra nuit (' titi! is bent over 
so that the front and back platys can be fastened 
to it %vial self-tapping screws. 

In the 1.1.1-Nle. transmitter the edges of the 
front and back plates are bent over, so that the 
cover need be only a plate bent into an inverted 
U. The enclosure is 4 by 4 by 5 inches in size. 
The bent-over edges of the front and liaek walls 
show plainly in the top view, Fig. 17-22. 

Building the 50-Mc. Transmitter 

Looking at the bottom view of the 50-Ale. 
transmitter, Fig. 17-19, we see the oscillator tun-
ing capacitor, CI, and the plate coil, Li. at the 
right. Next 0) the left is the GIS sonet. The 
(1(1111)1(.1. plate roil, L3, :1111plifiVr grid eoil, 
1.3. are between the t ube sockets. Note that these 
coils are mounted side by side, with their axes 
Voit ical. Their posit ion with respeet to each ut her 
is adjusted for maximum grid drive, with the 
optimum spacing being about one ('oil diameh.r. 
The amplifier screen-dropping resistor (4 1-wail 
resistors in parallel) is just above the 2E26 sock(. 
Jaeks 1or cat hode keying and grid-eurrent meas-
urement oyylipv the left side of the front wall, as 
seen in Fig. 17:19. 

Arrangement of parts inshle the shield com-
partment ran lie seen in Fig. 17-1S. The amplifier 
tube, a 6116 in this instance, is at the left. side of 
the box. Ile plate timing capacitor, Cc, is near 
the middh• of the front wall. The antenna hauling 
capacitor, C5, and the coaxial output fitting, 
air on the rear wall. The power connector strip 
is centered on the rear wall of the eliassis. Note 
the parasitic choke, L4, ' X411'14'11 the tube a nil the 
plate coil. This is wound on the resistor in parallel 
with it. The plate mil, /4, is 111011111tPd Willi its 
axis vertical. The output coupling eoil, L6, is 
close against t he bot tom of L5, and insulated from 
it by spaghetti sleeving. 

The type of soeket iied for the amplifier t ube 
is important. Do not use the common moulded 
socket wit h an elevated grounding ring having 
4 lugs spaced around its circumferenre. These 
Jugs may introduce coupling between the circuits 
grounded or bypassed thereto, eausing instability 
that eannot be neutralized out. A Millen ceramic 
socket was used in the original, but any type that 
does not have the separate grounding lugs and 
ring is suitable. Grounding should be done to 
lugs under the nuts used for mounting the socket. 
It is imperative that bypass caparitor rOilller-
tions he made with virtually no leads at all, 
particularly in the amplifier eiretlits. Note that 
each cathode lead is bypassed separately. This is 
important where the cathode is keyed, as in this 
instanee. 

The neutralizing capacitor, C3, is a type in-
tended for mounting with one side grounded, so 
another mounting method must be provided in 
this application. A small tab of copper about 

by 1 inch in size supports the rapaeitor, the 
end of the tab being soldered to a lug on the 3-lug 
tie-point strip nearest the socket. The 150-paf. 
bypass at the low end of 1.3 connects from that 
point to the ground lug at the middle of the 
terminal strip. The lead from the sleeve of ez is 
a stiff wire that passes up through a 3 hole 
in the chassis to the lower stator terminal of the 
plate tuning capacitor, C.4. The latter is mounted 
with its stator terminals one above t ot her. 

Adjustment and Operation 

For initial tests a power supply ealail de of 
delivering 200 to 300 volts d.c, at about 100 ma., 
and 6.3 volts a.e, or d.c. at 1.7 amperes may be 
used. ( Only 1.25 amp, will be needed if a 2E26 is 
used.) The negative side of the plate supply and 
one side of the heater supply are conneeted to-
gether. The oscillator is tested first. This is done 
by feeding plate power to the 4700-ohm resistor 
in the oscillator plate lead only, disconnecting the 
doubler plate-s(Teen lead temporarily. 
Apply heater voltage only, and allow the tubes 

to warm up for 30 sevonds or more. Connect al00-
milliampere meter in the lead to the plate sup-

Fig. 17-18—Looking down inside the 
amplifier shield. The plate tuning ca-
pacitor, C4, is on the front wall, with the 
loading adjustment, C3, on the rear 
wall. Parasitic suppressor and plate 
coil connect to top stator bar of C4. 
Black lead, lower left, runs through a 
rubber grommet to the neutralizing 

capacitor, below the chassis. 



Fig. 17-19—Bottom view of the 50-
Mc. transmitter. Note positions of the 
various coils, particularly those in the 
doubler plate and amplifier grid cir-
cuits, near the middle of the assembly. 

ply, and apply power. Swing the oscillator tuning 
capacitor, C1, through its range. There will be a 
sharp dip in current to about 10 ma. as the crystal 
starts oscillating. 
Check the frequency of oscillator with a grid-

dip meter or wavemeter. If you have a receiver 
that tunes the 25- or 50-Me. region, listen for the 
oscillator to determine if it is vrystal controlletl. 
The frequency will change onlys igl sil, if at all, 
when the circuit is tuned through resonance. Lis-
ten to the note with the receiver beat oscillator 
on, and place a screwdriver or other metal ob-
ject near the tuned circuit. There should be very 
little change in frequency. Should the frequency 
change more than a few hundred cycles under 
these tests the oscillator may not be controlled 
by the crystal. 

Self-oscillation is the result of too much feed-
back. This can be corrected by moving the tap 

OVERTONE 
OSC. 

61.113 6146 604 
2E2 

6.3V. 

DOUBLER 

Fig. 17-20—Schematic diagram and parts information for 

lower on the coil. Too little feedback may pre-
vent the oscillator from working at all, or it may 
drop out of oscillation when loaded appreciably 
by the following stage. The cure is to raise the 
tap position on the coil. 
When the oscillator is working correctly, re-

move the milliammeter from its power h•at I and 
connect it between the high-voltage source and 
the junction of the stalten resistor and 1000-ohm 
resistor at the low end of the plate coil. Plug a 
low-range milliammeter, preferably 5 or 10 ma., 
into the grid current jack, .12, of the amplifier. 
Apply plate voltage to the first two stages and 
tune the doubler plate tareuit for maximum grid 
current, as read on he metet in .12. This shot tld he 
at least 2 ma., with a 250-volt plate supply. Try 
varying the separation between 1.2 and 14, hav-
ing spacing at the poin,t that yields greatest grid 
current. Rettme the doubler plate circuit as the 

RFC, 

 1 
+300 ID 450V., 

mc D. 

the 50-Mc. transmitter. Capacitors are ceramic unless specified. 
Values under .001 are in µµf. 

CI—SO-Ate variable (Johnson 157-4). 
C2- 25-µµf. variable (Johnson 157-3). 

C3-0.5 to 3 µµf. ceramic trimmer (Erie 3139D). 

C4 - 25-pmf. variable (Johnson 167-2). 
Jr—Coaxial chassis fitting. 

J2, .13—Closed-circuit jack. 

— 1 4 t. No. 20 tinned, 1/2 -inch diam., 7/8 inch long, tapped 

at 41/2  t. from crystal end (8 & W No. 3003). 
L —61/2  t., 7/is inch long, similar to 

Resistors 1/2  watt unless specified 

13-7 1/4  t., 1/2 -inch long, similar to L. 
L-5 t. No. 20 wound on and spaced to fill 100-ohm 1-

watt resistor. 
J.5-31/2  t. No. 14 tinned, 3/4 -inch i.d., 1/2 -inch long. 
Le- 2 t. No. 14, similar to and at cold end of L5. Cover 

with spaghetti sleeving. 
R1-37,500 ohms, 4 watts (4 150,000-ohm 1-watt re-

sistors in parallel). 
RFC' —Single-layer v.h.f. choke, 2 to 7 µh. (Ohmite Z-50 

or National R-60). 
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spacing is ehanged. 
Next comes neutralization of the amplifier. 

With drive on, but no plate or screen voltage, 
tune the amplifier plate rircuit through its range, 
watching the grid current meter. There may lie a 
downward dip in grid current when the plate cir-
etiit is resonated. Adjust the neutralizing capari-
tor, C3, a turn or two and check the grid current 
dip again. If there is less change than before, the 
adjustment was in the right direction. Continue 
in this way until no downward movement can be 
seen in the grid current as the plate circuit is 
tuned through resonance. 

If neutralization cannot be achieved, a different 
value of bypass will lw required at the low end of 
L. If the neutralizing ':ipacitor is at minimum 
setting when neutralizatimi is approached, a 
larger value of bypass will be needed. Try 220 
aaf. as a next step. 

Power may now be applied to the final ampli-
fier. This can be from the same source as has been 
used for the earlier tests, for the time living. Tlui 
meter may be removed from the doubler power 
lead and eonneeted between the junetion of the 
r.f. choke, RFC!, and screen resistor and the 
terminal on the I tack of the transmitter. This will 
measure the eombined plate and screen current 
drawn by the amplifier. The meter may also be 
plugged into the cathode jack, where it will read 
combined plate, screen and grid current. 
A light bulb of about 25 waits or more can be 

connected to a coaxial fitting and used as a 
dummy load in place of an antenna. This will not 
represent a 50-ohm load, so the tuning of the 
stage will not be the sanie as when a matched 
antenna system is used, but it will do for initial 
tests, and it will give a rough indication of power 
output. 

Apply plate-screen power to all stages, and 
tune the plate circuit of the amplifier to the point 
where plate current dips the lowest. Now adjust 
the series capacitor, retuning the plate capacitor, 
until maximum brilliance is seen in the load lamp. 
Check carefully for any sign of oscillation in the 
amplifier. Remove the crystal from its socket 
briefly, while watching the amplifier grid current. 
This eurrent and the amplifier output should drop 
to zero, and remain there regardless of the tuning 
of ally of the transmitter cireuits. Should grid 
current appear with the oscillator inoperative, 

Fig. 17-21—Layout drawing of the 
50-Mc. Chassis top. Precise dupli-
cation is not important, though the 
general parts layout should be 
followed. Hole sizes may vary with 

different types of sockets. 

recheck neutralization. The grid-eurrent dip may 
be only an approximate indication of neutraliza-
tion, so the adjustment may have to be totaled 
up after power is apiilied to the amplifier. Turn 
off power as a safety measure when this is done. 
With perfect neutralization, maximum grid cur-
rent, minimum plate current and maximinn out-
put will all occur at the same setting of the ampli-
fier plate circuit tuning. Perfection in this respeet 
may not be possible, but there should be no sign 
of oscillation (grid current in the amplifier when 
the drive is removed) at any setting of the tuning 
controls. 
When the rig is operated with a properly de-

signed antenna the settings of the amplifier plate 
and antenna loading adjustments may be some-
what different from those obtained with a lamp 
load. Both should lie adjusted for maximum 
power delivered to the antenna. This can be re-
corded on a field-strength meter, giving a relative 
indieation of the power radiated by the antenna. 
Better than t his is a power-indicating standing-
wave bridge, which may be left connected in the 
line to the antenna at all times. 

Final operating eonditions for the transmitter 
will depend on the supply voltage and final tube 
used. With a 300-volt supply the oscillator plate 
current will run about 10 ma, with the oscillator 
operating properly, and 17 ma, with the crystal 
out of oseillation. The dottbler idate-streent 
rent is about 12 ma. Amplifier grid current will 
be at least 3 ma. without plate and sereen voltage, 
and around 2.5 ma, with the amplifier operating 
under load. These values will be slightly lower 
with a 250-volt supply. Plate-sereen rurrent to 
the amplifier will depend on the power level and 
tube. With a 2E26 at 300 volts the current will lie 
about 20 ma. at resonante, with no load, and 95 
ma. off resia rwe. Loaded for maximum effirieney 
the 2E26 plate and screen cum : it will be alitait, 
60 ma. With a 61-16 at 450 volts t he loaded plate 
and screen current- will be about 120 ma. 
The 50-Me. transmitter was described origi-

nally in QST for Ortober, 1958. 

The 144- Mc. Transmitter 

Layout and 1 H Li'a the I 11-Nle. unit are very 
similar to the 59-N1c. model alt3.fidv deseribed, 
so only the points of differenee will be eovered in 
this part of the text. Looking at the bottom view, 
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Fig. 17-22—Top view of the 144- Mc, transmitter with 
shield cover removed. A 2E26 is shown 

in the amplifier socket. 

Fig. 17-23, the oscillator tuned circuit is at the 
far right. The tripler plate capacitor, C2, is next 
on the front wall. The 6U8 socket is between 
these two capacitors, on the center line of the 
chassis. The 12AT7 parallel doubler socket is 
approximately in the middle of the chassis. The 
coil mounted vertically at the right and slightly 
below the 12AT7 socket is the tripIer plate coil, 
I" 
The doubler plate coil, L3, and the amplifier 

grid coil, L4, are mounted on a common center 
line and close together, making them appear as 
one coil in the photograph. The top end of L3, 
as seen in the schematic diagram, Fig. 17-24, is 
toward the back of the chassis. The grid end of 
L4 is toward the front. Capacitors C3 and C4 are 
cylindrical plastic trimmers. They are at either 
side of and just above the upper end of L3. 
The amplifier socket is at the left. The screen 

Fig. 17-23—Bottom of the 144- Mc, transmitter, with °stn. 
lator-tripler at the right. Doubler stage is near the middle 

of the chassis and amplifier at the left. 

tuning capacitor, C7, is mounted across the 
socket. Screen voltage is fed through the r.f. 
choke just above the socket. The switch for short-
ing out the grid leak when c.w. is used is in the 
upper left corner of the photograph. The two 
jacks on the front wall are for keying (far left) 
and grid current measurement. 

Circuit differences between the two units, aside 
from the inclusion of the extra multiplier stage 
in the 144-Mc, model, arise mainly from the 
effects of tube and circuit capacitances at the 
higher frequency. Tube capacitances load the 
tuned circuits heavily, so series-tuned circuits are 
used in the amplifier stage. It will be seen that 
the keying jack is connected in the cathode of the 
doubler stage instead of in the amplifier cathode 
lead. It is difficult to bypass the amplifier cathode 
completely at 144 Mc., and the insertion of the 
keying jack in that position would cause oscilla-

Fig. 17-24—Schematic diagram and parts information for the I 44-Mc. transmitter. 

CI, Ca-50.1Ø. variable (Johnson 157-4). 
C2, C5- 15-µµf. variable (Johnson 157-2). 
Ca, C4-1 - 8-'10. plastic trimmer (Erie 532-10). 
Ji, .12—Closed-circuit jack. 
J,5— Coaxial chassis fitting. 
Li — 14 turns No. 20 tinned, 1/2 -inch diem., % inch long 

tapped at 4 turns from crystal end (B & W No. 
3003). 

12-5V4 turns No. 18 enam., 7/56-inch diem., % inch long. 
13-2% turns No. 18 enam., M6-inch diam., % inch long. 
14-6 turns No. 18 enam., Ms-inch diam., % inch long, 

24 MC 

TRIPLER 

6U8 6BC4 2E26 fs ,.s  
06.3 

center tapped. 
Ls-4 turns No. 14 tinned, 3/4 -inch diam., turns spaced 2 

diameters. Make extra space at center for La; 
see Fig. 17-22. 

1.13-1 turn No. 14 enamel, 3/4 -inch diam. Cover with in-
sulating sleeving and insert at center of 15. 

R1-33,000 ohms, 3 watts (3 100,000-ohm 1-watt re-
sistors in parallel). 

RFC1-7-ph. solenoid choke (Ohmite Z-50). 
RFC2-1.8-ph. solenoid choke (Ohmite Z-144). 
Si—S.p.s.t. switch, any type. 

DOUBLER 
6BC4 

1,9 

AMPLIFIER 
2E26 OR 6146 

+300 6.3 +H.V,M00. 
-300-6.V. 
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tion. Screen bypassing is a similar problem, as 
conventional bypassing methods are ineffective 
at this and higher fnlitencir.s. Bringing the screen 
to ground potential requires a critical value of 
capacitance, so a trimmer (C7) is connected from 
screen to ground. 

Adjustment Procedure 

The power supply for testing the 144-Me. 
transmitter should delivr 6.3 volts at 1.6 am-
peres if a 2E26 amplifier t ul H' is I [sett With a 6146 
it should be capable of supplying 2 amperes. 
Initially 250 to 300 volts at 150 ma. will do for the 
plate supply. Final plate voltage for a 6146 may 
be as high as 500 volts. 

Testing the first two stages is similar to that 
outlined for the 50-Mc, transmitter, except for 
the frequerwies involved. Make sure that the 
oscillator is between 24 and 24.66 Me., and that 
the pentode section of the 6U8 multiplies this 
frequency by 3. Tune the tripler plate circuit, 
L2-C2, for maximum output, as indicated by a 
2-volt 60-ma. pilot lamp coupled to the void end 
of 1.2 with a single-turn loop of insulated wire 
about the diameter of the coil. 

Next apply plate voltage to the 121T7 doubler, 
and tune it for maximum amplifier grid current. 
Adjustment of C3 and C4 will interlock to some 
extent, but lw sure that each is tuned for maxi-
mum grid current, as read in ./.2. Tice switch Si 
can be in either position for ti us adjustment, 
though the grid current will be much higher if it 
is in the dosed position. 

Neutralization is done similarly to the manner 
outlined for the 50- le. transmitter, except that 
the set t jug of the serer qicariacitor, ( '7, is the means 
iiV whiell it is aehieved. If stability is approaehed 
:15 (.7 reactu.s maximum um Intuit a twe, a larger 
trimmer will be needed. Experimentation with 
the value of the r.f. choke in the screen lead may 
also be helpful. A variation of the neutralization 
system shown is the use of a critical value ot in-
duetance in t he screen lead, awl the elimination of 
CT. Grid current, when neutralization is eom-
pleted, should be at least 1.5 ma. with Si in the 
open position. Go over all tuljustments carefully, 
awl experiment with the spacing between 1.3 and 
L4 if the grid drive is low. 
The balance of the testing is similar to the 

50-Me. provedure. Plate current for the 121T7 
doubler will Ixr about 25 ma. Amplifier grid cur-
rent should be all that can be obtained, but 

Fig. 17- 25— Layout drawing of 
the 144- Mc. chassis. 

preferably not below 1.5 nia. 
under full load. Should it be less 
than 1.5 ma. running the ampli-
fier at slightly less than full load-
ing may make it possible to get 
satisfactory output and still retain 

good modulation characteristics. 
Amplifier plate current at resonance with no 

load will be higher than on 50 Mc., and the out-
put will be lower. Efficiency will be lower with a 
6146 than with a 2E26, but the higher plate 
dissipation rating of the 6146 may make its use 
desirable if more output is needed than can be 
obtained with the 2E26. Either transmitter can 
be used in mobile service. For 6-volt ears the 
tubes can be as shown. Twelve-volt equivalents of 
all the tube types are now available for cars with 
12-volt systenis, 

Modulation and Keying 

For voice work a modulator is required. This 
should have a power output of approximately half 
the input to the final amplifier. Several suitable 
modulators are shown in other chapters of this 
Hœulbook. The plate and screen current of the 
amplifier are run through the secondary of the 
modulator output transformer. If the transmitter 
is to run at low power, a single 300-volt supply 
can be used for all stages, including the modu-
lator, if it has a sufficiently high current rating. 
Keying methods differ for the two r.f. units. 

The 50-Me, transmitter is keyed for c.w. by 
breaking the cathode lead. This would cause in-
stability if applied to the 144-Mc, transmitter, so 
the latter is keyed in the rathode of the doubler 
stage. Fixed bias must be applied to the final 
amplifier grid, to keep the plate current to a safe 
value. Tice voltage required will depend on the 
plate voltage applied to the final. The plate cur-
rent need not be cut completely off, but merely 
held to less than the plate dissipation rating for 
the tube used. A 22 volt battery is sufficient 
for plate voltages up to 400. The simplest way to 
apply bias, for occasional e.w. use, is to plug it 
into the grid current jack. The positive terminal 
of the bias battery should connect to the ground 
side of the plug. 
The switch Si cuts out the 27,000-ohm grid 

resistor, so that the grid bias will not be excessive 
when fixed bias is applied. The rig ean be operated 
in this mariner (fixed bias plus the smaller of the 
two grid resistors) on voice, if it is desirable or 
convenient to do this. The grid current is so low 
that the bias battery will last almost indefinitely, 
and a small hearing aid size is suitable. It can be 
mounted inside the chassis and wired into the 
circuit permanently, where more frequent c.w. 
operation is expected. 
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A Simple Transmitter 

Simple Transmitter for 220 and 420 Mc. 

The transmitter in Figs. 17-26- 17-2!) is for 
the newcomer %vim wants to start with simple 
gear, going on to something better when he has 
gained construction and operating experience. 
It is built in two units, with the idea that the 
modulator can be retained when the r.f. portion 
is discarded. 
The r.f. section is a simple oscillator with 

two 6AF4 or 6AT4 tubes in push-pull. Its plate 

Fig. 17-26—The simple trans-
mitter for 220 and 420 Mc. is 
made in two parts. The modu-
lator, left, may be retained for 
use with more advanced r.f. 
sections than the simple oscil-
lator shown at the right. The 
two units may be plugged to-
gether or connected by a cable. 

circuit is changed from a quarter-wave line at 
220 Mc. to a half-wave line at 420 Mc. by plug-
ging in suitable terminations at the end of the 
tuned circuit. 

Because tic. ..seillator is modulated directly 
it will have eonsiderable frequency modulation, 
and the signal will not be readabie on selective 
receivers unless the modulation is kept at a 
very low level. Where a broader receiver is its 
use at the other end of the path a higher modu-
lation level call be employed. 
The modulator is designed for a crystal micro-

phone. It delivers 3 to 10 watts output, de-

pending on the plate voltage and whether a 
6V6 or 6L6 tube is used. It may be considered 
as a long-term investment that will be suitable 
for use with any r.f. section of up to 20 watts 
input that may be constructed at a later date. 

Construction 

The two units are built on identical 5 by 7 
by 2-inch aluminum chassis, connecting by 

means of a plug on the oscillator and a socket 
on the modulator. Power is fed through a 
similar plug on the back of the modulator. 
Arrangement of parts in the modulator is not 
eritical, but the oscillator should be exactly as 

Sockets for the tubes are one inch apart 
center t.) center, 21 16 inch in from the end of 
the chassis. Cs is at the exact center of the 
chassis, with J2 I ! inches to its loft, as seen its 
Fig. 17-27. At tho far left is a crystal socket, 
used for the antenna terminal, J5. One-inch 
ceramic standoffs are mounted on the screws 

that hold J2 in place. These support the 
antenna coupling loop, L2. 

Testing and Use 

A power supply delivering about 200 

Fig. 17-27—Bottom view 
of the oscillator unit, show-
ing the two-band tank cir-
cuit. The line terminations, 
with their protecting caps 
removed, are it. the fore-
ground. At the left is the 
220-Mc, plug, with the 
420-Mc, one at the right. 
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17 - V.H.F. TRANSMITTERS 
OSC. 
6AF4s 

AMP 
1/2 I2AX7 .0015 
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500K 

71  D-
1500 

Fig. 17-28—Schematic diagram and parts information for the two- band oscillator and modulator. 

CI-10.5-pmf.-per-section butterfly variable (Johnson 
101115). 

Li —2 31/2  inch pieces No. 12 tinned, spaced 1/2  inch. Bend 
down 3/4 inch at tube end and 1/2  inch at socket 
end. R.f. chokes connect 3/4 inch from bend at 
tube end. Connect CI at 1 inch from bend at 
socket end. 

I.2—Hairpin loop 2% inches long and 1/2  inch wide, No. 16, 
covered with insulating sleeving. 

11—Crystal socket used for antenna terminal. 
is-5-contact ceramic socket (Amphenol 49-RSS5). 

volts (I.e. at 50 ma. or more and 6.3 volts at 1 amp. 
or more is needed. Plug the units together or 
connect them by a cable. With a cable, a milli-
ammeter may be connected between the No. 4 
pins to measure the oscillator plate current. 
Otherwise the meter should be connected tem-
porarily l'et ween l'in 4 of J3 and Pin 3 of J2, 
in place of the wire shown in Fig. 17-28. 

Plale current should be about 25 to 30 ma. If 
the stage is oscillating there will be a fluctuation 
in current as the plate line is touched with 
an insulated metal object. Do not hold 
the metal in the hands for this test! The 
frequeney is best checked by means of 
Lecher wires, a technique that is cov-
ered in the chapter on measurements. 

With t he dimensions given the range 
with Pi plugged in should be about 405 
to 150 Me. With P2 plugged in the fre-
quency should fall within the 220-Mc. 
band with ej set in the same position 

Fig. 17-29 -- Looking at the 
underside cf the modulator. 

RFC 

MOD. 
6V6DT 

420 Mc 220 Mc 

TO 6AF4 
HEATERS 

is, Jr, — 4 - contact male fitting (Ampher.ol 86-RCP4). 
J1-4 contact female chassis fitting (Amphenol 78-54 or 

RS4). 
16—Microphone connector (Amphenol 75-PC1M). 
Pi-5-contact male cable connector (Amphenol 86-PM5) 

with Pins 2, 3 and 4 joined together. 
P2 — Same as Pt, but with Pins 1 and 5 joined. Connect 

100-ohm resistor between these and Pin 3. 
RFC (6 required)- 12 turns No. 28 enamel close-wound 

on high-value 1-watt resistor. 
Tr — 10-watt modulation trans. ( Merit A-3008). 

as it was for the middle of the 420-Mc. band. 
Some alteration of the connection point for (7 on 
L1 may be necessary to achieve this. 

In using the transmitter it is well to stay be-
tween 221 and 224 Mc. to avoid out-of band 
operation. On 420, keep the transmitter below 
432 Mc. to avoid interference with the high-
selectivity work that is done between 432 and 436 
Mc. (Further details on this transmitter in QST 
for December, 1954.) 
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220-Mc. Transmitter 

A 40-Watt Transmitter for 220 Mc. 

The crystal-controlled transmitter shown in 
Figs. 17-30 and 17-32 will run 30 to 40 watts at 
220 Mc. Referring to Fig. 17-31, a simple over-
tone oscillator circuit uses one half of a 12AT7 
dual triode. The crystal may be between 8.15 
and 8.33 Mc. or 24.-F5 and 25 Mc. In either case, 
the frequency of oscillation is in the latter range, 
as the crystal works on its third overtone. The 
second half of the 12AT7 is a tripler to 73 to 75 
Mc. This stage has a balanced plate circuit, so 
that its output may be capacitively coupled to the 
grids of a second 12AT7, working as a push-pull 
tripler to 220 Mc. The low side of the first tripler 
plate circuit has a balancing capacitor, so that 
a capacitanee equal to the output capaeitance of 
the 12AT7 can be added to that side of the circuit. 
Without this the two halves of the push-pull 
tripler may receive unequal drive, and one half 
of the tube will run hotter than the other. 
The plate circuit of the push-pull tripler is 

inductively coupled to the grid circuit of an 
Amperex 6360 dual tetrode amplifier that runs 
straight through on 220 Mc. Similar inductive 
coupling transfers the drive to the grid circuit 
of the final amplifier stage, an Amperex 6252 
dual tetrode. This tube is a somewhat more effi-
cient outgrowth of the 832A, which may also be 
used, though with lower efficiency and output. 
Base connections are the same for both tubes. 
The grid return of the 6252 is brought out to 

the terminal strip on the back of the unit, to 
allow for connection of a grid meter. Both this 
point and the tip jack in the 6360 grid return 
have 1000-ohm resistors completing the grid 
returns to ground, so that operation of the stages 
is unaffected if the meters are removed. 

Instability in tetrode amplifiers for v.h.f. 
service may develop as a result of the ineffective 
bypassing of the screen. In the case of the 6360 
stage stable operation was obtained with no 
bypassing at all, while on the 6252 a small mica 
trimmer was connected directly from the screen 
terminal to ground. It is operated near the 
minimum setting. 

Construction 

The transmitter is built on an aluminum plate 
6 by 17 inches in size. This screws to a standard 
chassis of the same dimensions, which serves as 

both shield and case. Cut-outs about three inches 
square are made in the chassis and base plate, 
above and below the tube, to allow for ventila-
tion. These openings are fitted with perforated 
aluminum or screening to preserve shielding. The 
case should be equipped with rubber feet, to 
avoid marring the surface it rests on, and to allow 
air circulat ion around the tube. 
The tube sockets and all the controls except 

the t tilling capacitor of the oscillator are mounted 
along the center line of the cover plate. The 
220-Me, stages are inductively coupled, using 
hairpin loop tank cirruits the dimensions of 
which are given in Fig. 17-33. The tuning range of 
these vim it s is affecte il by the widths of the loops 
as well as tlwir length, so some variation can be 
had by squeezing the sides together or spreading 
them apart. 

It is important that the method of mounting 
the 6252 socket be followed closely. An aluminum 
bracket. about 27,1¡ invites high and 4 bugles wide 
supports the socket. Note that the socket and 
tube are on the sanie side of the plate. Holes are 
drilled in the plate in line with the control grid 
terminals to pass the grid leads. These holes are 
3/5-inch diameter, and are equipped with rubber 
grommets to prevent accidental shorting of the 
grid leads to ground. The sum's. of the grid in-
ductance should be such that its leads pass 
through the centers of the holes. The socket is 
supported on % 6-inch metal pillars. It may be 
necessary to bend the socket lugs slightly to keep 
them from shorting to the mounting plate. The 
heater lead comes to the top of the plate, and 
the cathode lead bends around the bottom of it. 
Power leads are made with shielded wire, and 

are brought out to a terminal strip on the back 
of the chassis. These leads and the coax to the 
output connector should be long enough so that 
the plate on which the transmitter is built can 
be lifted off the chassis and inverted as shown it) 
the photograph. 

Adjustment 

Initial tests should be made with a power 
supply that delivers no more than 250 volts, 
and as little as 150 to 200 volts can be used. If 
the voltage is more than 250, insert a 5000-ohm 
10-watt resistor in series with the power lead 

Fig. 17-30—Top view of the 220-Mc. 
transmitter. Final amplifier tube is in-
side the chassis, below the screened 
ventilation hole. Power connections, key-
ing jack and output terminal are on the 

back of the chassis. 
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17- V.H.F. TRANSMITTERS 

TRIPLER 

12AT7 
24.45Mc. ii 73.4551e 

121117 12AT7 6360 6252 
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6.39. 

TRIPLER 
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220 MO 
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6252 
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6360 

+300 TO 400 ,1.510D. 

Fig. 17-31—Schematic diagram and parts information for the 220-Mc. transmitter. Capacitor values below 0.001 pf. 
are in µid. Resistors 1/2 watt unless specified. 

CI —50-µ0. miniature variable (Hammarlund MAPC-50-B). 
C2, Cu, C3-8-110. miniature butterfly variable (Johnson 

160-208). 
C3, Cs-3-30-µ0. mica trimmer. 
C7— Butterfly variable, 1 stator and 1 rotor (Johnson 

167-21, with plates removed). 
C9-15-120. miniature variable (Hammarlund MAPC-15-8). 
J1—Tip jack, insulated. 
12—Closed-circuit phone jack. 
13—Coaxial chassis fitting, SO-239. 
Li— l5 t. No. 20 tinned, 1/2 -inch diam., 1 inch long ( 8 & W 

Miniductor No. 3003). Tap at 4 turns from crystal 

temporarily. Plate voltage should be applied to 
the various stages set/al.:0(4y. starting with the 
oscillator, makings ure I liai ' alt , 1a,L.,;i‘ is working 
correctly before proveeding to the ne t. 
A milliammeter of 50- to 100-ma. range should 

be connected temporarily in series with the 
1000-ohm resistor in the oscillator plate lead. 
When power is applied the current should be 
not more than about 10 ma. Rotate C1 and note 
if an upward kick occurs. probably near the 
mid lb' of the rangy of C I. At this point the stage 
is oscillating. Laek of uscillation indieat es too 
low feedback, or a defective crystal. Listen for 
the note on a communications receiver tune (I 
near 24 Mc., if one is avaikble. There should 
be no more than a slight change in frequency 
when a metallic tool is held near the tuned cir-
cuit, or when the cireuit is tuned through its 
range. The note should be of pure crystal qual-
ity. If I 're is a rough sound, or if the frequency 
ehanges with mechanical vibration, the oscillator 
is not controlled by the crystal. This indicates 
too much feedback, and the tap on the coil, LI, 
should lie moved near the crystal end. 
The proper amount of feedback is the lowest 

tap position that allows the oscillator to start 

end; see text. 
L2-12 t. No. 18 tinned, 1/2 -inch diam., 1 inch long, center-

tapped. 
1.2, LI, L5,1.6—U-shaped loops No. 18 enam., center-tapped. 

Dimensions given in Fig. 17-33. 
L-2 t. No. 14 enam., 1- inch, 1-inch diam., leads 54 inch 

long. Center-tapped, space turns 1/2 inch apart. 
1.6-1 t. No. 18 enam., inserted between turns of L7. Cover 

with insulating sleeving. 
R1-23,500 ohms, 2 watts. (Two 47,000-ohm 1-watt 

resistors in parallel.) 
RFC1-25 t. No. 28 enam. on 1-watt high-value resistor. 

readily under load. If 24-Me, crystals are used 
the nqi can be lower on the coil than with 8-Me. 
crystals. When 8-Mc, crystals are operated on 
the third overtone, as in this ease, the frequency 
of oscillation may not be exactly three times that 
marked on the c.rystal holder. 
Now apply plate voltage to the second half of 

the 12AT7, again using a temporary plate meter 
connected in serii.s o ith the 100-ohm decoupling 
resistor that feeds plate power to L2. Current 
will be about 10 ma., as with the oscillator. 
Tune C2 for maximum output. This can be de-
termined by brilliance indication in a 2-volt 
60-ma. pilot lamp vonnected to a 1-turn loop of 
insulated wire coupled to L2. Check the frequency 
of this stage with a wavemeter. 
Now connect a low-range milliammeter (not 

more than 10 ma.) between the test point, 
and ground. Apply power to the push-pull tripler, 
again using a temporary milliammeter connected 
in the lead to the plate coil, L3. Tune the plate 
circuit for maximum indication on the grid 
meter. Plate current will be about 20 ma. Adjust 
the position of L3 with respect to L4 for maximum 
grid current. Now go back over all previous ad-
justments and set them carefully for maximum 

220 Mc. 
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220-Mc. Transmitter 

Fig. 17-32—Interior view of the 220-Mc. transmitter. All 
r.f. components are mounted on an aluminum plate, which 
is screwed to the top of a standard 6 X 17-inch chassis. 
Screen trimmer capacitor C6 mounts on the tube socket 

mounting plate. 
The crystal socket and the oscillator coil and capacitor 

are at the far right. Next is the first 12AT7 socket. Next to 
the left is the first tripler plate coil, mounted over its trim-
mer, with the mica balancing padder, C3, above. The 
12AT7 tripler, the test point, Ji, the tuning capacitor C1, 
the tripler plate and amplifier grid loops, L3 and L4, the 
6360 socket, the 6360 plate and amplifier grid loops, 
the 6252, and its tuned circuits follow in that order. The 
series capacitor, C, and the coaxial lead to the output 
connector, Ja, are at the far left. 

grid current. Adjust the balancing padder, C3, re-
tuning C2 each time this is done, until the com-
bination of C2 and C3 that gives the highest grid 
current is found. Check the frequency to be sure 
that the stage is tripling to 220 Me. 
Now apply power to the 6360 plate circuit, 

again using the temporary meter to check the 
current. Connect the low-range milliammeter 
between the grid-metering terminal on the con-
nector strip and ground. Set the screen trimmer, 
C6, near minimum, and tune the 6360 plate circuit 
for maximum grid current. With 300 volts on the 
preceding stages, it should be possible to get at 
least 4 ma. Adjust the spacing between L5 and L6 
carefully for maximum grid current, retuning C5 
each time this is done. Plate current should not 
exceed 55 ma. 
Check for neutralization of the final amplifier 

by tuning C7 through resonance while watching 
the grid-current meter. If there is no change, 
or only a slight rise as the circuit goes through 
resonance, the stage is near enough to neutraliza-
tion to apply plate power. The 6252 has built-in 
cross-over capacitance, intended to provide neu-
tralization in the v.h.f. range, so it is likely to be 
stable at this frequency. If there is a downward 
kick in the grid current at resonance, adjust the 
screen trimmer until it disappears. If best neu-
tralization shows at minimum setting of the 
screen trimmer it may be desirable to eliminate 
the I rimmer. 
With an antenna or dummy load connected 

at J3, final plate voltage can be applied. Tune the 
final plate circuit for maximum output, with a 
meter of 100 ma. or higher range connected to 
read the combined plate and screen current. This 
meter may be connected in the power lead, or it 
can be plugged into the cathode jack. In the latter 
position it will read the combined plate, screen 
and grid currents. Tune for maximum output 
and note the plate current. If it is much over 100 
ma., loosen the coupling between L7 and Lg. 
The input should not be over 50 watts at this 
frequency. 
A final check for neutralization should now be 

made. Pull out the crystal or otherwise disable 
the early stages of the transmitter. The grid cur-
rent and output should drop to zero. If they do 
not, adjust the screen trimmer until they do. 
Make this test only very briefly, as the tubes 

• 

will draw excessive current when drive is re-
moved. When perfect neutralization is achieved, 
maximum output will be found at a setting of 
C7 at which plate current is at a minimum and 
grid current at maximum. 

Operation 

All stages should be run as lightly as possible, 
for stable operation and long tube life. No more 
than 300 volts should be run on the exciter stages, 
and if sufficient grid drive can be obtained, lower 
voltage is desirable. The 6360 stage runs with 
rather low drive, and its efficiency is consequently 
poor, but it delivers enough power to drive the 
6252, even when run at as low as 250 volts, if all 
stages are operating as they should. 
Observe the plates of the tubes when the trans-

mitter is operated in a darkened room. There 
should be no reddening of the plates. If one side 
of any of the last three stages shows red and the 
other does not it is evidence of unbalance. This 
can usually be corrected by adjustment of the 
balancing trimmer, C3, in the first tripler plate 
circuit. Lack of symmetry in lead lengths or 
unbalanced capacitance to ground in any of the 
r.f. circuits may also lead to lopsided operation. 
Though the 6252 is rated for up to 600 volts 

on the plates, it is recommended that no more 
than 400 be used in this application, particularly 
if the stage is to be modulated for voice work. 

For voice work the plate-screen current of the 
6252 is run through the secondary of the output 
transformer on the modulator. The latter should 
have an output of 20 watts or so. 

r-7.—t78- 1 

/8,,, 

(\s L3 
Fig. 17-33—De• 
tails of the hairpin 
loops used in the 
220-Mc. transmit-
ter. 
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17 — V.H.F. TRANSMITTERS 

A Tripler-Amplifier for 432 Mc. 

Only tubes designed esp(wially for u.h.f. service 
will work satisfactorily at -120. Me. and higher. 
The various small re'reiving triodes made for 
u.h.f. TV use will work well in low-powered 
frequency multipliers and r.f. amplifiers for 
transmitting, but the trend is to tetrodes. Several 
of t hitter time now a V:I ilable. 
The tripler-ampli tier shown in Figs. 17-34 to 

17-37 delivers up to 20 watts output on 432 Me. 

Fig. 17-34—A tripler-amplifier for 
432 Mc. using dual tetrodes. 
Shielded construction and forced-

air cooling are employed. 

when driven on 144 Mc. by any 2-meter unit 
delivering 10 watts output or more. In plate-
modulated service the output is 12 watts. Tubes 
are RCA 6524 dual tetrodes, but with slight 
modification Amperex 6252s or 5894s may be 
used. With 6252s the output will be about the 
sana. as with the 6524. The 5894 will deliver up 
to 40 watts with higher plate voltages. The 8.32A 
may also be used, but the output will be no more 
t han 4 or 5 watts. Forced-air cooling and shielding 
are recommended. 
The tripler tube is mounted vertically, at the 

left, with its socket 11?. inches below the chassis. 
There is just room under the socket for the self-
resonant input circuit, 1.2. The amplifier is 
horizontal, with its socket mounted in back of a 
plate that is 8 inches from the left edge of the 
3 X 4 X 17-inch aluminum chassis. The shield-
ing enclosure is 314 inches wide by 31/2 inches 
high. A cooling fan is mounted on the rear wall 
of the chassis. Air circulates around the tripler 
tube through its 2-inch hole, flowing out through 

holes in the top cover. Holes are drilled in the 
chassis under the amplifier tube, and in the 
cover over it. ‘Vith a bottom plate fitted to the 
chassis there should be enough air flowing through 
both top vents to lift a paper briskly when 
the fan is started. 
I half-wave lines are used in all 432-Me. circuits. 

The grid circuit of the amplifier is capacitively 
coupled to the tripler plate line, the two over-

lapping about 13% inches. The spacing between 
them must be adjusted carefully for maximum 
grid drive. Plate voltage is fed to the lines 
through small resistors. These should be con-
fleeted at the point of lowest r.f. voltage on the 
lines. The amplifier grid r.f. chokes are connected 
at the tube soeket. 
Note that the plate line capacitors, CI and 

C2, have their rotors floating. This is important. 
Grounding the rotors, or use of capacitors having 
metal end plates, may introduce multiple r.f. 
paths and circuit unbalance. The capacitors have 
small metal mounting brackets that are not 
connected directly to the rotors, but even so it 
was necessary to resort to polystyrene mounting 
plates for best circuit balance and efficiency. 
Holes 3% inch in diameter are punched in the 
front wall to pass the rotor shafts. 

Testing 

The tripler-amplifier is designed to operate in 
conjunction with a 144-Mc, transmitter such as 

Fig. 17-35—Looking into the 
tripler-amplifier with the top 
cover and front plate removed. 
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A Tripler-Amplifier 
TRIPLER 

Fig. 17-36—Schematic diagram for the 432-Mc. tripler-amplifier. 

C2-10- uf.-per-section split stator, double spaced 
(Bud LC- 1664). Do not use metal end- plate or 
grounded-rotor types. 

121, R2-23,500 ohms, 2 watts (two 47,000 ohm 1-watt 
resistors in parallel). 

14-2 turns No. 20 cram., 1/2 -inch diam. Insert between 
turns of 12. 

L2-4 turns No. 16 enam., 1/2 -inch chant, 1/2 -inch long, 
center-tapped. 

L3—Copper strap on heat-dissipating connectors, 31/2  
inches long. Twist 90 degrees 1/2  inch from plate 
end. Space 3/4  inch. 

Ls—Copper strap ex inches long, soldered to grid fermi-

the 2E26 rig shown its Fig. 17-17. A plate supply 
of 300 volts at 200 nia, is needed (400 volts may 
be used with 5894s). Apply power to the 14-1-Me. 
driver stage and adjust the spacing of the turns 
in L2 and the degree of coupling between Ls 
and L2 for maximum tripler grid current. This 
should Ise about 3 ma. 

Next apply plate and screen voltage to the 
tripler and tune Cs for maximum grid current 
in the amplifier, with no plate or screen voltage 
to the latter. Adjust the position of the grid 
lines with respect to the plate circuit, read-
justing Cs whenever a change is made, until at 
least 4 ma. grid current is obtained. 
Now conneet a lamp load across tIse output 

terminal, .12. Ordinary house lamps are not suit-
able. A fair load (,zus be made by conneeting 6 
or snore blue-lwad pilot lamps in parallel. This 
can be done by wrapping a U-inch copper strap 

Fig. 17-37— Bottom view of the 
432-Mc. transmitter. 

AMPLIFIER 

432 Yc 

+300V, MOD. 

TO RI 
4 +300 V. 

nals. Space about 1/2  inch. 
15 — Copper strap VA inches long, fastened to heat-dissi-

pating connectors. Space 34 inch. All tank circuits 
of flashing copper 1/2  inch wide. 

Lo—Coupling loop, No. 20 enom. U-shaped portion is 
1 inch long and Ye inch wide. Mount on 3-inch 
ceramic stand-offs. 

11—Coaxial input fitting (Amphenol 83-1R). 
12—Crystal socket used for antenna terminal. 
13, — Closed -cir cu it jack. 
15- 5- pin male chassis connector (Amphenol 86-RCP5). 
M—Motor-blower assembly, 17 c.f.m. ( Ripley Inc., Middle-

town, Conn., Type 8433). 

around the brass bases and soldering them all 
together. Then another strap should be soldered 
to the lead ternúnals. Apply plate and screen 
voltage and tune r2 for maximum lamp brilliance. 
It should be possible to develop a very bright 
glow its the 6-lamp load with a plate current of 
about 100 ma. at 300 volts. 
Cut drive very briefly to check for oscillation 

its the final stage. Grid eurrent should drop to 
zero. The screens and grid resistors shown are for 
operation with plate modulati(ns. More input can 
be run if the screen or grid resist:slaw is decreased, 
but this should be done only when the rig is to be 
used for f. ni. or e. w. service. 
Operating conditions are about as follows: 

tripler grid current — 2 to 3 ma.; amplifier grid 
current — 3 to 4 ma.; tripler plate and screen 
current — 90 ma.; amplifier plate and screen 
current — 110 ma.; output — 12 watts. 



CHAPTER 18 

V.H.F. Antennas 

While the basic principles of antenna design 
remain the same at all frequencies where con-
ventional elements and transmission lines are 
used, certain aspects of v.h.f. work call for 
changes in antenna techniques above 50 Mc. 
Here the physical size of arrays is reduced to the 
point where some form of antenna having gain 
over a simple halfwave dipole ran be used in 
almost any location, and the rotatable high-gain 
directional array s beeome a standard feature 
of all well-equipped v.h.f. stations. The im-
port anee of antenna gain in v.h.f. work cannot 
be over-emphasized. By no other means can so 
large a return be obtained from a small invest-
ment as results from the erection of a good 
di n ional array. 

• DESIGN CONSIDERATIONS 
At 50 NI,. : Intl higher it is usually imporiant to 

have Ili, tt!it,tuttit, work well over all or most of the 
band in question, and as the bands are wider than 
at lower frequencies the attention of the designer 
must be focused on broad frequency response. 
This may he attained in some instances through 
saeritieing other qualities such as high front-to-
back ratio. 
The loss in a given length of transmission line 

rises with frequency. Vhf. feedlines should be 
kept as short as possible, therefor. latching of 
t impedances of the alit enfla and transmission 
line should be done with care, and in open loca-
tions a high-gain ant mina at relatively low height 
may be preferable to a low-gain system at great 
height. %Vherever possible, however, the v.h.f. 

DRIVEN ELEMENT 

OPEN WIRE LINE 
OR BALUN----''/4 OR MORE 

Fig. 18-1—Combination tuning and matching stub for 
v.h.f. arrays. Sliding short is used to tune out reactance 
of the driven element or phasing system. Transmission line, 
either balanced or coax, is connected at the point of lowest 
standing-wave ratio. Adjustment procedure is outlined in 

text. 

array should be well above heavy foliage, build-
ings, power lines or other obstructions. 
The physical size of a v.h.f. array is usually 

more important than the number of elements. A 
4-element array for 432 Mc. may have as much 
gain over a dipole as a similarly designed array 
for 144 Mc., but it will intercept only one-third as 

much energy in receiving. Thus to be equal in 
communication, the 432-Mc, array must equal 
the 144-Mc, antenna in capture area, requiring 
three times as many elements, if similar element 
configurations are used in both. 

Polarization 

Early v.h.f, work was done with simple an-
tennas, and since the vertical dipole gave as good 
results in all directions as its horizontal counter-
part offered in only two directions, vertical 
polarization lierame the accepted standard. 
Later wliiqt high-gain antennas came into use it 
was only natural that these, too, were put up 
vert irai in areas where v.h.f. activity was already 
well established. 
When the diseovery of various forms of long-

distance propagation stirred interest in v.h.f. 
operation in areas where there was no previous 
experienve, many newcomers started in with 
horizontal arrays, these having been more or less 
standard practice on frequencies with which 
these operators were familiar. As use of the same 
polarization at both ends of the path is necessary 
for best results, this lack of standardization re-
sulted in a conflict that, even now, has not been 
completely resolved. 

Tests have shown no large difference in results 
over long paths though evidence points to a slight 
superiority for horizontal in certain kinds of ter-
rain, but vertical has other factors in its favor. 
Horizontal arrays are generally easier to build 
and rotate. Where ignition noise and ot her forms 
of man-made interference are present, horizontal 
systems usually provide better signal-to-noise 
ratio. Simple 3- or 4-element arrays are more 
effective horizontal than vertical, as their radia-
tion patterns are broad in t he plane of the ele-
ments and sharp in a plane perpendicular to them. 

Vertical systems can provide uniform coverage 
in all directions, a feature that is possible only 
with fairly complex horizontal arrays. Gain can 
be built up without introducing directivity, an 
important feature in net operation, or in loca-
tions where the installation of rotatable systems 
is not possible. Mobile operation is simpler with 
vertical antennas. Fear of increased TVI has kept 
v.h.f. men in some densely populated areas from 
adopting horizontal as a standard. 
The factors favoring horizontal have been 

predominant on 50 Mc., and today we find it the 
standard for that band, except for emergency net 
operation involving mobile units. The slight ad-
vantage it offers in DX work has accelerated the 
trend to horizontal on 141 Mc. and higher bands, 
though vertical polarization is still widely used. 
The picture on 144, 220 and 420 Mc. is still con-
fused, the tendency being to follow the local 
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Impedance Matching 

trend. The newcomer should elk with local 
amateurs to see which polarization is in general 
use in t he area he expects to cover. Eventual 
standardization should be a major objective, 
and to this end it is recommended that horizontal 
polarization be established in areas where ac-
tivity is developing for the first time. 

• IMPEDANCE MATCHING 
Because line losses increase with frequency it is 

important that v.h.f. antenna systems be matched 
to their transmission lines carefully. Lines com-
monly used in v.h.f. work include open-wire, 
usually 300 to 500 ohms impedance. splved 
to two inches; polyethylene-insulated flexibly 
lines, available in 300, 150 and 72 ohms impttd-
mute; and coaxial lines of 50 to 90 ohms imped-
ance. 
The various methods of matching antenna and 

line impedance ary described in detail in Chapter 
14. Matehing devices commonly used in v.h.f. 
anays fed with It:danced lines include the folded 
dipole in its various forms, Fig. 14-42, the " T" 
Match, Fig. 14-45, the " Q" section, Fig. 14-41, 
and the adjustable stub. Fig. 18-1. The gamma 
match, useful for feeding the driven element of 
a parasitic array with coaxial line, is shown in 
schematic form in Fig. 14-45. Balanced loads 
such as a si )lit dipole or a folded dipole can be 
fed wit h coax through a bahut, as shown in 
Fig. 1-1-16. Practival examples of the use of these 
devices are shown in the following pages. The 
principles upon which their operation depends 
are explained in Chapter 14, with the exception 
of the adjustable stub of Fig. 18-1. 

The Corrective Stub 

'rue adjustable stub shown in Fig. 18- l provides 
a means or matching the antenna to the trans-
mission line and also tuning 1)111 reactance in t he 
driven element. It is, in effect, a tuning deyin. 
to which the transmissitm line may be connected 
at the point whei . itepedanees match. Both the 
shorting stub and t he point of conneetion are 
made adjustable, though once the proper points 
are found the connections may be made per-
manent. 

For antenna experiments the stub may be 
made of t tilting, and the conneetions made with 
sliding (lilts. In a permanent installation a stub 
of open-wire line, with all connections soldered, 
may by mont satisfactory mechanically. The 
transmission line may be open-wire or Twin-Lead, 
connected directly to the stub. or coaxial line of 
any impedance, which slit Had be connected 
through a balun. 
To adjust the stub start with the short at a 

point about a half wavelength below the antenna, 
moving the point of connection of the transmission 
line up and down the stub until the lowest stand-
ing-wave ratio is achieved. Then move the shorting 
stub a small amount and readjust the line connec-
tion for lowest s.w.r. again. If the minimum s.w.r. 
is lower than at the first point checked the short 

was moved in the right direction. Continue in that 
direction, readjusting the line connection each 
time, until the s.w.r. is as close to 1:1 as passible. 
When adjustments are completed the portion of 
the stub below the short can be cut off, if this is 
desirable mechanically. 

• TYPES OF V.H.F. ARRAYS 
Directional antenna systems commonly used in 

amateur v.h.f. work are of three general types, 
the collinear, the Vagi, and the plane reflector 

Fig. 18-2—Inserts for the ends of the elements in a v.h.f. 
array provide a means of adjustment of length for opti-
mum performance. Short pieces of the element material 
are sawed lengthwise and compressed to fit inside the 

element ends. 

array. Collinear systems have two or more driven 
elements end to end, fed in phase, usually hacked 
up by parasitic reflectors. The Yagi has a single 
driven element, with one or more parasitic 
elements in front and in back of the driven 
element, all in the same plane. The plane-reflector 
array has a large reflecting surface in back of its 
driven element or elements. This may be a sheet 
of metal, a metal screen, or closely spaced rods 
or wires. The reflector may be a flat plane, or it 
can be bent into several forms, such as the 
corner and t he parabola. 
Examples of all three types are described, and 

each has points in its favor. The collinear systems 
such as t he 12- and 16-element arrays of Figs. 18-
14 and 18-15 require little or no adjustment and 
t hey present few feed problems. They work well 
over a wide band of frequencies. Yagi, or parasitic 
arrays. Figs. 18-5 to 18-10, depend on fairly 
prerise tuning of their elements for gain, and 
thus work over a narrower frequency range. 
They are simple mechanically, however, and 
usually offer more gain for a given number of 
elements than do the collinear systems. Plane-
and corner-reflector arrays are broadband de-
vices, having broad forward lobes and high 
front-to-back ratio. They are easily adjusted, but 
somewhat cumbersome mechanically. 

• ELEMENT LENGTHS AND SPACINGS 
1)esigning a v.h.f. array presents both meehani-

cal and electrical problems. The electrical prob-
lems are basic, and their solution involves choos-
ing the type of performance most desired. le-
chanical design, on the other hand, can be subject 
to almost endless variations, and the form that 
the array will take can usually be decided by 
the materials and tools available. One common 
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18—V.H.F. ANTENNAS 

TABLE 18-I 

D.niensions for V.H.F. Arrays in Inches 

Freq. (Mc.) 

/riven Element 

Change per Mc.* 

Reflector 

st Director 

2nd Director 

3rd Director 

1.0 Wavelength 

1/.025 Wavelength 

0..; Wavelength 

52' 146' 222.5. 435' 

106.5 :::: 24% 12% 

2 0.2.". 0.12 0.03 

111% 40 26% 13 ,, 

101% 36 23% 12% 

99% 35% 23% 12 

97% 35 23 11% 

234 81 53 27 

147 50% 33% 16% 

% % 117 40 26 13.5 

58% 13% 6% 

47 

0.25 M a velength 2og 

0.2 Wavelength 16 10% 

0.15 Wavelength 35 12 8 1% 

lialun loop (coax) 76 26.5 17  >0. 

* Dimensions given for element lengths are for the 
middle of each band. For other frequencies adjust lengths 
as shown in the third line of table. Example: A dipole for 
50.0 isle. be 106.5 -I- 4 = 110.5 inches. 

Apply change figure to parasitic elements as well. 
For phasing lines or matching sections, and for spacing 

between elements, the midband figures are sufficiently 
:iecurate. They apply only to open-wire lines. 

Parasitic-element lengths are optimum for 0.2 wave-
length sparing. 

source of materials for amateur arrays is com-
mercially built TV antennas. They can often 
be revamped for the amateur v.h.f. bands with 
a minimum of effort and expense. 

Dimensions for Yagi or collinear arrays and 
their matching devices can be taken from Table 
18-I. The driven element is usually cut to the 
formula: 

5540 
Length (in inches) = Freq. (Mes 

This is the basis of the lengths in Table 18-I, 
which are suitable for the tubing or rod sizes 
conunonly used. Arrays for 50 Me. usually have 

to 1-inch elements. For 144 Mc. /I 4 to .1:'?-ineh 
stock is common. Rod or tubing ! to ineh 
in diameter is suitable for 220 and 420 Me. Note 
that the element lengths in the table are for the 
middle of the band concerned. For peaked per-
formative at other frequencies the element lengths 

should be altered according to the figures in the 
third line of the table. 

Reflector elements are usually about 5 per cent 
longer than the driven element. The director 
nearest the driven element is 5 per cent shorter, 
and others are progressively shorter, as shown in 
the table. Parasitic elements should also be 
adjusted according to Line 3 of the table, if peak 
performance is desired at some frequency other 
etn midband. 
Parasitic element lengths of Table 18-I are 

based on element spacings of 0.2 wavelength. 
This is most often used in v.h.f. arrays, and is 
suitable for up to -I or 5 elements. Other spacings 
van be used, however. If the element lengths are 
adjusted properly there is lit t le difference in gain 
with reflector spacings of 0.15 to 0.25 wavi-lengt h. 
The closer the reflector is to the driven element, 

Fig. 18-3—Omnidirec-
tional vertical array for 

144 Mc. Elements of 
aluminum clothesline 
wire are mounted on 

ceramic standoff insu-
lators screwed to a 
wooden pole. Feedline 

shown is 52-ohm coax, 
with a balun at the 
feedpoint. Twin-Lead or 

other 300-ohm bal-
anced line may also be 
used, but it should be 
brought away horizon-
tally from the support-
ing pole and elements 
for at least a quarter 
wavelength. Coax may 
be taped to the sup-

port. 

the shorter it must be for optimum forward gain, 
and the greater will be its effect on the driven 
element impedance. 

Directors may also be spaced over a similar 
range. Closer spacing than 0.2 wavelength for 
arrays of two or three elements will require a 
longer director than shown in Table 18-1. Thus 
it can be seen that close-spayed arrays tend to 
work over a narrower frequency range than wide-
spaced ones, when they are t tined for best per-
formance. They also result in lower driven-
element impedance, making them more difficult 
to feed properly. Spacings less than 0.15 wave-
length are not commonly used in v.h.f. arrays 
for these reasons. 

Practical Designs for V.H.F. Arrays 

'The antenna s stems pictured and deseribed 
herewith are examples of ways ill whieh the 
information in Table 18-1 van be used in arrays 
of proven performance. I hniensions can be taken 
from the table, except where otherwise noted. 1f 

the builder wishes to experiment with element, 
adjustment. a simply nwi Ii )( I is shown in Fig. 
18_2. WUh elements 1,- inch or larger diameter 
a piece of the element material can be used. It 
is sawed lengthwise and then compressed to make 
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Practical Designs for V.H.F. Arrays 

38" 

4C"-

-f 

6/32 SCREW 

CLAMP 

CERAMIC 
STANDOFF 

19" 

_L FEED WITH 
SUPPORTS 300- OHM LINE 

OR COAXIAL BALUN 

Fig. 18-4—Dimension and supporting method for the 
144-Mc, vertical array. 

a tight fit inside the end of t he element. 
A readily available material often used for 

elements lit arrays tIti t Il Me. and higher is 
aluminum elothesline wire. This is It stiff bard-
drawn wire about ' inch in diameter. It should 
be used in preference to a similar-appearing wire 
rommonly sold for grounding purposes. The 
latter hR t to soft to inal:e sat isfaetory elements if 
the length is more than about tsto feet. 

A Collinear Array for 144 Mc. 

Where a vertirally-polarized array haying some 
gaits over :t dipole is needed, yet direetivity is 
undesirable, collinear halfway(' elements Islay be 
mounted vertirally :Intl fed in phase, as shown 
in Figs. 18-3 and 18-4. Such an array may have 
3 elements. ILS shown, or 5. The impedance at the 
venter is approximately 300 ohms, permitting it 
to Ise fed direetly with TV-type line, or through 
a coaxial balun, as in the model shown. Either 
52- or 72-ohiss line may be employed without 
serious misma t eh. 
The array is made from two pieees of aluminum 

clothesline wire :these 97 inches long overall. 
These are Iwtit to provide a 38-inels top section, 
It folded-haek 10-ineh phasing loop, and a l9-inch 
center section. These elements are mounted on 
ceramie isillars, which are fastened to a round 
wooden pole. Small elamps of sheet aluminum 
are wrapped around the elements and screwed to 
the stand-offs. A cheaper Ind somewhat less 
desirable method of mounting is to use TV 
screw-eye insulators to hold t he elements in place. 

Feeding t he array at the venter with a eoaxial 
balms makes a neat arrangement,. The balun loop 
may be taped to the vertiral support, and the 

coaxial line likewise taped at. intervals down 
the mast. The same type of construetion ('lin bit 
applied to a 220-N1e. vertival collinear array, us-
ing the lengths for that band given in Table 18-I. 

• PARASITIC ARRAYS 
Single-ba arrays of 2 to 5 elements are widely 

used in 50 .y- Allc. work. These Islay he built in 
many different ways, using the dimensions given 
in the table. Probahly the strongest and lightest 
structure results from use of aluminum or thiral 
tithing usually 1 11 to 11., itivitus in diameter' 
for the boom, though wood is also usable. If the 
elements are mounted at their midpoints there is 
no need to use insulating supports. Esualfv the 
elements are run through t he boons clamped 
ils plare iii a Manner similar to 111.'1 shown in 
Fig. 18-12. %Viler( a metal I town is used the joints 
between it and the elements lutist be tight, as 
any ntovement at this point will result in noisy 
recept ion. 

2-Element 50-Mc. Array 

The 2-element antenna of Fig. 18-5 was de-
signed for portable use, but it is also suitable 
for fixed-station work with minor modifieation. 
The 2- meter arrav above il is dtseribed 
The elements an: made in three seetions, for 
portability, using inserts similar to that shown 
in Fig. 18-2. The driven element is gamma 
matched for coax feed, and the parasitic element 
is a 0.15-wavelength spaced director. Details of 

Fig. 18-5—Two-element 50-Mc, and four-element 144-
Mc. arrays designed for portable use. Support is sectional 
TV masting clamped to car door handle. Elements of 50-
Mc. array are made in three sections, for stowing in back 
of car. Antenna for 144 Mc, is cut-down TV array. Both 

use gomma match, as shown in Fig. 18-6. 
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18 - V.H.F. ANTENNAS 

Fig. 18-6—Details of the gamma match for the 50-Mc. 
portable array. In a permanent installation the variable 
capacitor should be mounted in an inverted plastic cup 
or other device to protect it from the weather. The gamma 
arm is about 12 inches long for 50 Mc., 5 inches for 

144 Mc. 

the gamma section, the boom and its supporting 
clamp are shown in Fig. 18-6. The arm is about 12 
Il ches long. and t he capacitor is a 50-uuf. variai de. 
Clean, tight ronnections between the arm and ele-
ment are important. Where the array is to be 
mounted permanently outdoors the capacitor 
may be proteeted from tile weather by mounting 
it in an inverted plastic cup. Nlore details on this 
array are given in August, 1955, QST. 

3-Element Lightweight Array 

The 3-element 50-N1c. array of Fig. 18-7 weighs 
only 5 pounds. It uses the closest spacing that is 
praelieal for v.h.f. applieations, in order to make 
an antenna that could be 115Vd individually or 
sti;eked in pairs without requiring a cumberso. me 
support. The elements are half-inch aluminum 
tubing of 1 16-inch wall thickness, attached to 
the 114-inch durai boom with aluminum castings 
made for the purpose. ( Dick's. ItIt 1, Tiffin, 
Ohio, Type HAS1..) By limiting the element 
sparing to 0.15 wavelength the boom is only 6 
feet long. Two booms for a stacked array ( Fig. 
18-11) can thus be cut from a single 12-foot 
length of tubing. 
The folded-dipole driven element has 

No. 12 wire for the fed portions. These 
are mounted on S%-inch cone standoff 
insulators and joined t4itlu outer ends of 
the main portion by nouns of metal 
pillars and 6-32 screws and nuts. When 
the wires are pulled up tightly and 
wrapped around the screw, solder should 
l )4. sweated over the nuts and screw ends 
144 seal the whole against weather cor-

ion. The same treatment should be 
tis4.41 at each standoff. Mount a soldering 
lug on the ceramic cone and wrap the 
end of the lug around the wire and 
solder the whole assembly together. 
These joints and other portions of the 
array may be sprayed with clear lacquer 
as an additional protection. 
The inner ends of the folded dipole 

are PA inches apart. Slip the dipole 
into its aluminum casting, and then 
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drill through both element and casting with 
a No. 36 drill, and tap with 6-32 thread. Suit-
able inserts for mounting the stand-offs can 
be made by cutting the heads off 6-32 screws. 
Taper the cut end of the screw slightly with 
a file and it will screw into the standoff readily. 
Cut the dipole length according to Table 18-1, 

for the middle of the frequency range you expect 
to use most. The reflector and director will be 
approximately 4 per cent longer and shorter, 
respectively. The ('loser spacing of the parasitic 
elements ( 0.15 wavelength; makes this deviation 
from the dimensions of the table desirable. 
The single 3-element array has a feed im-

pedance of about 200 ohms at its re:um:Litt fre-
quency. Thus it may be fed with 52-ohm coax 
and a balun. A gamma-mat (lied dipole may also 
be used, as in the 2-element array. If the gamma 
match and 72-ohm coax are used, a balun will 
convert to 300-ohm balanced feed, if Twin-Lead 
or 300-ohm open-wire TV line feed is desired. 
If the dimensions are selected for optimum 
performance at 50.5 Mc. the array will show 
good performance and fairly low standing-wave 
ratio over the range from 50 to 51.5 Mc. 
A closeup of a mounting method for tisis or any 

other array using a round boom is shown in 
Fig. 18-8. Four TV-type LI bolts clamp the 
horizontal and vertical members together. The 
metal plate is about 4; inches square. If 11.-inch 
sheet aluminum is available it may be used alone, 
though the photograph shows a sheet of 1 16-
inch stock barked up by a piece of wood of the 
same size for stiffening. 

High-Performance 4-Element Array 

Tile 4-element array of Fig. 18-9 was deigned 
for maximum forward gain. and for direct feed 
wit h :;00--olam balanced inesniisiiin line. The 
parasiiie elements may he :my diameter frifin 
t/2 to 1 inch, but the driven element should be 
made as shown in the sketeh. The same general 
arrangement may be used for a 3-element array, 
except that the solid portion of the dipole should 

Fig. 18-7—Lightweight 3-element 50-Mc. array. Feedline is 52-ohm 
coax, with a balun for connection to the folded-dipole driven element. 

Balun may be coiled as shown or taped to supporting pipe. 



Parasitic Arrays 

be %-inch tubing instead of 1-inch. NVith the 
element lengths given the array will give nearly 
uniform response from 50 to 51.5 Mc., and usable 
gain to above 52 Mc. It may be peaked for any 
portion of the band by using the information in 
Table 18-I. 

If a shorter boom is desired, the reflector spac-
ing can be reduced to 0.15 wavelength and both 

Fig. 18-8—Closeup photograph of the boom mounting 
for the 50-Mc. array. A sheet of aluminum 6 inches square 
is backed up by a piece of wood of the same size. TV-type 
U clamps hold the boom and vertical support together at 
right angles. At the left of the mounting assembly is one 
of the aluminum castings for holding the beam elements. 

directors spaced 0.2 or even 0.15 wavelength, 
with only a slight reduction in forward gain and 
bandwidth. 

5-Element 50-Mc. Array 

As aluminum or durai tubing is usually sold in 
12-foot lengths this dimension imposes a practical 
limitation on the construction of a 50-Mc. beam. 
A 5-element array that makes optimum use of a 
12-foot boom may be built according to Table 
18-I. If the aluminum casting method of mount-
ing elements shown for the 3-element array is 
employed the weight of a 5-element beam can 
be held to under 10 pounds. The gamma match 
and coaxial line are recommended for feeding 
such an array, though a bid» and 72-ohm coax 
can be used for the rotating portion of the line, 

converting to balanced feed at the anchor point. 
Elements should be spaced 0.15 wavelength, 

or about 36 inches. With 5 or more elements, 
good bandwidth can be secured by tapering the 
element lengths properly. A dipole 110 inches 
long, with a 116-inch reflector, and directors of 
105, 103 and 101 inches respectively will work 
well over the first two megacycles of the band, 
provided that the s.w.r. is adjusted for optimum 
at 51 Mc. 

Long Ya gis for SO Mc. 

With boom lengths greater than about 12 
feet and with more elements than 4, somewhat 

Fig. 18-9— Details of a 4-element 50-Mc, array designed 
for 300-ohm balanced feed. Element lengths and spacings 
were derived experimentally for optimum performance 

over the first 1.5 megacycles of the band. 

better performance can be obtained by using 
gradually increasing spacing between the direc-
tors. The 6-element array in Fig. 18-10 is an 
example of this approach. It also employs a 
variation of the gamma match that has mechani-
cal advantages. The long boom and wide-spaced 
elements give a sharpness of horizontal pattern 
that is not obtainable with the same number of 
elements in a stacked array. 

The long Yagi is not a broadband device. 
This one works well over the first megacycle of 
the band with the following dimensions. Subtract 
2 inches from each element for each megacycle 

Fig. 18-10—A 6-element long Yogi for 50 Mc. and a 16-
element collinear array for 144 Mc. Both are all-metal 
construction. Each has its own vertical member, which is 
clamped to the rotating vertical pipe that runs down 

through the tower bearing. 
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higher. Reflector — 116 inches. Driven element 
— 110.5. First director — 105.5. Second director 
— 104. Third director — 102.75. Fourth director 
— 101.5. Spacings are, from back forward: It;, 
36, 42, 59 and 70 inches. If a longer array is to 
be built each additional director should be 70 

inches from the last. 

Construction 

The long Yagi is built similar to the 3-ele-
ment array of Fig. 18-7 and 18-8, using Buis- 5:1 nu' 
east jugs for mounting the elements. The gus-
set plate for fastening the boom to the verti-
cal support is made larger, and four U isults are 
used on each member instead or two. The array 
is mounted at its center of gravity, rather than 
at its physical center. The boom is braced to 
prevent drooping, at points about 5 feet out from 
the mounting point. Braces are aluminum tithing. 
flattened at the ends, and clamped to the boom 
and the vertical member. Suspension braving, 
as shown in Fig. 18-10, priivides strength with 

lightweight supports. 
Thp given require a boom slightly 

more than '20 bait long. This was made up by 
splicing. butt if a 20-foot length is available in 
one pieee the spacings of the two forward dim-
burs can be made slightly less, in order to avoid 
splicing. Element sit:icing is not particularly 
critical, but lengths are fairly so. 

The Gamma Match 

The gamma match is for matching arrays 
fed with coax. The arrangamient sleiwn in Fig. 
18-11 combines the adjust:dolt. :inn With the 
series capacitor, and provieles ti rugged assembly 
that can be weather-proofed readily. The main 
arm is cut from the same material as the ele-
ments, 15 inches long. It is supported parallel 
to the driven element by means of two 1-inch 
ceramic standoffs and sheet-aluminum clips. Its 
inner end is connected to the inner conductor of 
a coaxial fitting, mounted on a small bracket 
screwed to the boom. 
The series capacitor, for tuning out the re-

actance of the mat luing arm and making con-
nection to the driven element, is rod or 
tul dug 14 inches long. It is luau it coaxial 
with the main arm by two polystyrene bushings. 
One is force-fitted to. the end of the rod and the 

other is fitted tightly inside the main arm to 
act as a bearing. These can be made frill) 
3é-ineh rod stock, or National Type PRC-I 
forms can be adapteil readily to the purpose. A 
clip of sheet aluminum connects the rod and the 
driven element. Be sure that a clean tight con-
tact is made at this point. 

Adjustment 

:\Iatching requires an s.w.r. bridge. It can 
be done pmperly in no other way. :Mount the 
beam at least a half wavelength above ground 
and clear of t revs and wires by at least the same 
distance. Set the transnuitter at a frequency in 
the middle of the range you want to work (50.3 
is a good spot for low-end operation) and adjust 
the position of tue clip and the length of the 
rod outside the main arm for minimum s.w.r. 
Move first one variable and then the other until 
zerii rellemed power is indicated. Tighten the 
clip tape over the junction between the 
arm and the rod with waterprilld. tape, and the 
array is ready for use. 

• 144-MC PARASITIC ARRAYS 
The main es:it tires of the s 

above ti:to lie adapted to 1 I I- Me. antennas, hut 
this sniall physival size of aists:tys for this frequeney 
makes it possible to use larger numbers tif ele-
mew \\ jilt ease. Few 2-tnetiiis tu t tionas have less 
than t or 5 elements. and ' mist sl:ilifins mold, 

either in a single bay or in stacked st stems. 
Parasitic arrays for 14-1 Mu. can be made 

readilv irom TV antennas for flannels I, 5 or 
'flue ru..11:0 ively close spacing normally used in TV 
arrays makes it possible tit approximate the 
revommended 0.2 wavelength at 144 Mc., though 
the element spacing is tu it a critical famor. A 
4-element array for 11-1 Mo. made from a Channel 
ti Ty l'agi is shown in Fig. 18-5. It is fed with a 
gamma match and 52-ohm coax, and was de-
signed primarily for portable work. AS most 
TV antennas are designed for 300-ohm Fee( I the 
Saille feed st st eill ran be employed for the 2-
meter array t hat is made from them. 

If one wishes to Imild his own l'agi antennas 
from available tubing sizes, the boom of a 2-
meter antenna should be to 1 inch aluminum 

Fig. 18- 11— Details of the 
gamma match used on the 6-
element 50-Mc. array. Series 
capacitor is formed by sliding 
a rod or tube inside the main 

arm. 
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or durai. Elements can be 4 to j-inels stock, 
fastened to the boom as shown in Fig. 18-12. 
Recommended spacing for up to 6 elements is 
0.2 wavelength, though this is not too critical. 
Gamma match feed is recommended for coax, 
or a folded dipole and balun may be used. If 
balanced line is to be used the folded dipole is 

Fig. 18- 12—Model showing method of assembling all-
metal arrays for 144 Mc. and higher frequencies. Dimen-

sions of clamps are given in Fig. 18-16. 

recommended, the 4 to 1 ratio of conductor 
sizes being about right for most designs. 
Very high gain can be obtained with long Vagi-

type arrays for 144 Mc. and higher frequencies, 
though the bandwidth of such antennas is con-
siderably narrower than for thosi. having up to 
4 or 5 elements The first two directors in long 
Vagis are usually spewed about 0.1 wavelength. 
The third is spewed about 0.2, inereasing to 0.4 
wavelength or so fi 'r the forward di reel ors. 
Highest gain is obtained Mien all direetors are 
made the sana length, but littler front-to-baek 
ratio and lower side lobe content results if the 
director lengths. are tapered to I Mel] per 
dispense.. Tapering t he element letigilis ils widens 
the effective bandwidth. Then. 's more on long 
Vagis in for January :mil slit ember, 14./.756. 

• STACKED YAGI ARRAYS 
The gain ( in power) obtainable from a single 

Vagi array can be snore than doubled by stacking 
two or more of them vertically and feeding them 
in phase. This refers to horizontal systems, of 
course. Verticully-pcgarized bays are usually 
stacked side by side. The principles to fol low 
apply in either ease. 
The spacing bet w. en bays should be at least 

one-half vi vePtigt h. and in ' re is desirable. For 
dipoles or Yagis of up to t ! tree elements optimum 
spacing I it W(4.11 bays is about wavelength, 
but with long( r Vagis the spaying van be in-
creased to one wavelength or mon.. Bays of 5 
eh ment sot (non., spaced one wavelength, are 
commonly used in antenna:: for 111 Me. and 
higher frequeneics. ISptiminn spacing for long 
Yogis is about two wavelengths. 

Where half-wave stacking is to be employed, 
the phasing line between bays can be treated as 
a double " Q" seetion. If two bays, each de-
signed for 300-ohm fipd, are to be stacked a half 
wavelength apart and fed at the midpoint be-
t ween them, the phasing line should have an 
impedance of about 380 ohms. No. 12 wire 
spaced one inch will do for this purpose. The 
midpoint then can be fed either with :100-ohm 
line, or with 72-ohm coax and a bahut. 
When a spacing of 5% wavelength between bays 

is employed, the phasing lines can be coax. (The 
velocity factor of roux makes a full wavelength 
of line actually alsout wavelength physically.) 
The impedaneu at the midpoint between t (vo 
bays is slightly loss than half the impedance of 
either bay alma., due to the coupling bet ween 
I ays. This effect decreases wit It increased spacing. 
When two bays are spa ici  a full wavelength 

the coupling is relatively slight. The phasing 
line ran be any open- wire line, and t he impedance 
t lie midpoint will be approximately half that of 

tlw individual bays. Predicting what it will be 
with a given set of dimensions is difficult, as many 
factors into play. It will usually be of a 
valise that C:111 IW fed through the combination 
of a " Q.' sect ion and a transmission line of 300 
to -150 ohms impedance. An adjustable " Q" 
section, or an adjust ethic stub like the one shown 
in Fig. 18-1, may be used when the antenna 
impedance is not known. 

Fig. 18-13—Stacked array for 50 Mc. using two of the 
3-element bays of Fig. 18-7. Phasing system and flexible 
sedion for rotatiOn are of coaxial line. A "Q" section 
matches this to 450-ohm open-Wire line for run to the 

station. 
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The stacked 3-over-3 for 50 Mc., Fig. 18-13, 
uses a coaxial phasing line and an additional 
section of coax to provide for the flexible portion 
of the feedline. Each bav is fed with a Imlun and 
halfwave section of 1tÙ-8 U cable. These are 
joined at the center between bays with a Tee 
fitting. As each bay has an impedance of 200 
ohms, two 50-ohm leads are paralleled at the 
center, resulting in an impedance of about 20 
ohms, when the coupling effect between bays is 
included. A flexible section of 50-ohm coax one 
wavelength long, with a balun at the end, steps 
this up to about 80 ohms. A "Q" section of VI-
inch tubing inch center to center steps this up 
to the point where it can be fed with 450-ohm 
open-wire TV line. 

The "Twin-Five" for 144 Mc. 

A popular stacked array for 144-Mc, work is 
the Twin-Five, originally developed by W2PAU 
In this design two 5-element arrays of standard 
design are stacked a full wavelength apart. If 
the folded-dipole driven elements are constructed 
so that the individual bays have a feed impedance 
of about 400 ohms the midpoint of the open-wire 
phasing line can be fed with 52-ohm coax and a 
baton. Where open-wire line is desired, the im-
pedances can be matched through a " Q" section 
of about 300 ohms impedance. If the constructor 
is in doubt as to the actual feed impedance to be 
matched, the stub arrangement of Fig. 18-1 will 
take care of a wide range of impedances and lines 
to be matched. Dimensions can be taken from 
Table 18-I. 
An effective 20-element array can be made by 

using two of these arrays side by side, with f till-
wave spacing horizontally also. The impedance 
at the midpoint of the horizontal phasing line 
will then be about 100 ohms, which is still well 
within the range of "Q" sections of practical 
dimensions. 

• LARGE COLLINEAR ARRAYS FOR 
144 MC. AND HIGHER 

High gain and very broad frequency response 
are desirable characteristics found in curtains of 
half-wave elements fed in phase and backed up by 
reflectors. The reflector can be made up of para-
sitic elements, or it can he a screen extending 
approximately a quarter wavelength beyond the 
ends of the driven elements. There is not a large 
difference between the two types of reflectors, 
except that higher front-to-back ratio and some-
what broader frequency response are achieved 
with the plane reflector. 

12- and 16-Element Arrays 

Two collinear systems that may be used on 
144, 220 or 420 Me. are shown in Figs. 18-14 and 
18-15. Either may be fed directly with 300-ohm 
transmission line,. or thr,Illgit co:txial line and a 
I alm'. In the 12-element array. Fig. 18-14, the 
reflectors are spaced 0.15 wavelength in back of 

1 Brown —"The Wide-Spread Twin-Five" CQ, March, 
19.10. 

the driven elements, while the la-element array, 
Figs. 18-15 and 18-10, uses 0.2 wavelength spac-
ing. Dimensions may be taken from Table 18-I, 
and figures for the middle of the band will give 
good performance across either band. 

300_0knii" 

Fig. 18- 14— Element arrangement and feed system of 

the 12- element array. Reflectors are spaced 0.15 wave-
length behind the driven elements. 

The supporting frame for either array may be 
made of wood or metal. Details of a metal support 
for the 12-element array are shown in Figs. 18-16 
and 18-17. Note that all elements are mounted 
at their midpoints, and that no insulators are 
used. The elements are mounted in front of the 
supporting frame, to keep metal out of the field of 
the array. This method is preferable to that 
wherein mechanical balance is maintained 

Fig. 18-15—Schematic drawing of a 16-element array. 
A variable "Q" section may be inserted at the feed point 
if accurate matching is desired. Reflector spacing is 0.2 

wavelength. 
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Large Collinear Arrays 

No. 27-drill 

3"—.1 

5"  
No 27 dr, Il 

Fig. 18- 16— Detail drawings of the clamps used to as-
semble the all-metcl 2-meter array. A, B and C are before 

bending into "U" shape. The right-angle bends should be 
made first, along the dotted lines as shown, then the plates 
may be bent around a piece of pipe of the proper diame-
ter. Sheet stock should be 116 inch or heavier aluminum. 

nd on radius R 
A =.1.. 

C=1. 

through mounting the driven elements in front 
and the refleetors in back of the supporting 
structure. 
Two 12-element arrays may be mounted ene 

above the otter and fed in phase, to form a 24-
element array. This is done in the 120- Mr. array 
of Fig. 18-18. The two midpoints are eminected 

Driven Element 

Reflector 

Fig. 18- 17— Supporting framework for a 12-element 
144-Mc, array of all-metal design. Dimensions are as 
follows, element supports ( 1) 1/4  by 16 inches; horizontal 
members ( 2) 1/4  by 46 inches; vertical members ( 3) 3/4 by 
86 inches; vertical support ( 4) 11/2 -inch diameter, length 

as required; reflector-to-driven-element spacing 12 
inches. Parts not shown in sketch: driven elements 1/4 by 38 
inches; reflectors 1/4 by 40 inches; phasing lines No. 18 
spaced 1 inch, 80 inches long, fanned out to 31/2  inches at 

driven elements ( transpose each half-wave section). 

hrotigh a phasing line one wavelength long, and 
the renter of this phasing line fed through a 
"Q" section. l'he impedance at the midpoint is 
about 150 ohms. requiring a 255-ohm "Q" section 
for feeding with -150-ohm open-wire line. 
Combination of collinear arrays may be carried 

further. Pairs of 16-elemmit systems fed in phas 
are common, and even 61-element arrays ( 1 16-
element lieams fed in phase) are used in some 
leading stations on 1-14 Nle. Configurations of 32 
to 64 elements are not difficult to build and 
support at 220 or 420 Mr. Examples of 16- and 
24-element arrays for 220 :ind 120 Me, are shown 
mounted back to hack in Fig. 18-18. 

• ARRAYS FOR 220 AND 420 MC. 
The use of high-gain antenna systems is almost 

a necessity if work is to be done over any great 
:listanve on 220 :111(1 420 le. Experimentation 
with antenna arrays for these frequencies is 
fascinating indeed, as their size is so small as to 
permit trying various element arrangements and 
feed systems with ease. Arrays for 420 Mc., par-
ticularly, are convenient tor study and demon-

Fig. 18-18—A 24-element array for 420 Mc. and a 16. 
element for 220 mounted back-to-back on a single support, 

stration of antenna principles, as (wen high-gain 
systems may Ix. of table-top proportions. 
Any of the arrays described previously may be 

used on these bands, hut those having large num-
bers of driven elements in phase are more readily 
adjusted for maximum effeetiveness. 
A 16-element array for 220 Mc. and a 24-
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element array for 420 Mc. are shown mounted 
back-to-back in Fig. 18-18. The 220-Me. portion 
follows the 16-element design already described. 
It is fed at the center of the system with 300-ohm 
tubular Twin-Lead, matched to the center im-
pedance of the array through a "Q" section of 
.. 16-inch tubing, spared about I I 2 i•ent t o 
center. This spacing was adjusted for minimum 
standing-wave ratio on the line. 

Elements in the array shown are of 71c-inelt 
aluminum fuel- line tulting, which is very light in 
weight and easily worked. The supporting st rue-
turc is durai tubing, using the clamp assembly 
methods of Fig. 18-16. 
The 420-Me, array uses two 12-element as-

semblies similar to Fig. 18-14, mounted one above 
the other, about one halt' wavelength separating 
the bottom of one from the top of the other. The 
two sets of phasing lines are joined by one-wave-
length sections of Twin-Lead at the middle of the 
array. This junction, which has an impedance of 
around 150 ohms, is fed with 300-ohm tubular 
Twin-Lead through an adjustable " Q" section. 

Elements in the 420-Mc. array are cut from 
thin-walled 3%-inch tubing. Their supports are 
the 7,16-inch stock used for the 220- Mc. elements. 
Slots were cut in the ends of these support s to take 
the elements, and a 4-40 screw was nut through 
both pieces and drawn up tightly with a nut. The 
horizontal supports were fastened in holes drilled 
in the vertical members, and were also held in 
place with a 6-32 screw and nut. The small size 
and light weight of the 420-Mc. array require no 
clamps to make a strong assembly. 
The two one-wavelength sections of 300-ohm 

line are 21 3% inches long, taking the propagation 
factor into account. The " Q" section may be any 
convenient size tubing, 14 to 3.. inch diameter. 
It should be made adjustable, as matching is 
important at this frequency. Dimensions for 
both arrays can be taken from Table 18-I. 

(For an example of stacking several commercial 
220-Me. beams, seo Tilton, " A 66-I:lenient 
Stacked-Vagi Array 1,ir 220 Mc.," QST, January, 
1959.) 

• MISCELLANEOUS ANTENNA 
SYSTEMS 

Coaxial Antennas 

At v.h.f. the lowest possible radiation angle is 
essential, and the coaxial antenna shown in 
Fig. 18-19 was developed to eliminate feeder 
radiation. The center conductor of a 70-ohm 
concentric (coaxial) line is extended one-quarter 
wave beyond the end of the line, to act as the 
upper half of a half-wave antenna. The lower 
half is provided by the quarter-wave sleeve, 
the upper end of which is connected to the outer 
ronductor of the concentric line. The sleeve acts 
as a shield about the transmissiim line and very 
little current is induced on the outside of the line 
by the antenna field. The lin a' is non-resonant, 
since its charaeteristie impedance is the same as 
t he center impedance of the half-wave antenna. 
The sleeve may be made of copper or brass tub-

ing of suitable diameter to ar the transmi 
line. 'Ile coaxial antenna i- difficult to 
construct, but is superior I o systP111S iii its 
performance at low radiation angles. 

Metal 
Rod 

insulator 

Connectea' 
to outer 
conductor 
of concentric 

line 

Meta/ 
Sleeve 

70- ohm 
concentric 
line 

Fig. 18- 19—Coaxial 
antenna. The insulated 
inner conductor of the 
70-ohm concentric line 
is connected to the 
quarter-wave metal 
rod which forms the 
upper half of the an-

tenna. 

Broadband Antennas 

Certain types of antennas used in television 
are of interest because they work across a wide 
band of frequencies with; relatively uniform 
response. At very-high freqttenrii•s an antenna 
made of small wire is purely risist ive only over 
a very small frequency range. Its Q, and thi.re-
fore its selectivity, is sufficient to limit is op-
timum performance to a narrow freiluettey range, 
and readjustment of the length or tuning is re-
quired for each narrow slice of the spectrum. 
With tuned transmission lines, the effective 
length of the antenna can be shifted by retuning 
the whole system. H h owever, in te case of an-
tennas fed by matched-impedance littes, any 
appreciable frequency change requires an aetual 
nit qlia ideal adjustment of the system. Hherwise, 
the resulting mismatch with the line will be 
sufficient to cause significant reduction in power 
input to the antenna. 
A properly designed and constructed wide-

band antentia, on the other hand, will exhibit 
very nearly constant input impedance over 
several nagaeyeles. 
The simplest method of obtaining a broad-

band characteristic is the use of what is termed 
a " cylindrical" antenna. This is no more than 
a con yentiimal doublet in which large-diameter 
tubing is used for the elements. The use of a 
relatively large diameter-to-length ratio lowers 
the Q of the oui ' Hita, thus broadening the reso-
nance elm raet rist it'. 

As the di;tnaler-to-length ratio is increased, 
end effects also increase, with the result that 
the antenna must be made shorter than thin-
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wire antenna resonating at the same frequency. 
The reduction factor may be as much as 20 per 
cent with the tubing sizes commonly used for 
amateur antennas at v.h.f. 

Plane-Reflector Arrays 

At 220 Mc. and higher, where their dimensions 
become practieable, plane-reflector arrays are 
widely used. Except as it affects the impedance 
of the system, as shown in Fig. 18-20, the spacing 
bet wecn the driven elements and tlw reflerting 
plane is not particularly eritival. Maximum gain 
()emu's around 0.1 I t 0.15 wavelength, which is 
also the region of lowest impedance. Highest 
impedance appears at about 0.3 wavelength. A 
plane refleetor spaved 0.22 wavelengt h in back of 
the driven elements has no effect on their feed 
inwedance. As the gain of a plane-reflector 
array is nearly constant at spacings from 0.1 
to 0.25 wavelength. it may lw seen that the 
spacing may be varied to achieve an impedance 
mat ch. 
An advantage of the plane reflector is t Intl ii 

may be used with t vo driven element systems, 
011e On each side of the plane, providing for twn-
band operation, or the ineorporation of horizontal 
and vertical polarization in a single structure. 
l'he gain of a plane-reflector array is slightly 
higher than that of a similar number of ti ti 
elements backed up by paxasit it' reflectors. It also 
has a broader frequency response and higher 
front-to-back ratio. To aehieve these ends, the 
reflecting plane must lie larger than the area of 
the driven elements, extending at least a quarter 
wavelength on all sides. Chieken wire on a wood 
or metal frame makes a good plane reflector. 
Closely spaced wires or rods may be substituted, 
with the spacing between them running up to 0.1 
wavelength without appreciable reduction in ef-
fectiveness. 

Cone Antennas 

From the cylindrical antenna various spe-
cialized forms of bnradly resonant radiators 
have been evolved, including the ellipsoid, 
spheroid, voile, diamond and double diamond. 
Of these, the conical antenna is perhaps the 
most interesting. With large angles of revolu-
tion, the variation in the characteristie imped-
ance with changes in frequeney can be redneed 
to a very low value, making such an antenna 
suitable for extremely wide-band operation. The 
(line may be made up eit her of sheet metal or of 
mull ¡ pie wile spines. A va rim t ion of this form of 
conical antenna is widely usecl in TV reception. 

Corner Reflectors 

In the miller ref hot or two plane surfaces are 
set, at, an angle, usually between 15 and 90 de-
grees, with the antenna on a line bisecting this 
angle. laxinnun gain is obtained with the an-
tenna 0.5 wavekngth from the vertex. but emu-
promise designs ean lw built wit h closer spacings. 
There is no focal point, as would be the t:. st' for a 
parabolic reflector. Corner angles greater t han 90 
degrees can be used at some sacrifice in gain. At 

less than 90 degrees the gain increases, but the 
size of the reflecting sheets must be increased to 
realize this gain. 

At a spacing of 0.5 wavelength from the vertex, 
the impedance of the driven element is approxi-
mately twice that of the sanie dipole in free space. 
The impedance decreases with smaller spacings 
and corner angles, as shown in Fig. 18-20. The 
gain of a corner-reflector array with a 90-degree 
angle, 0.5 wavelengt It spacing and sides one wave-
length long is approximately 10 db. Principal 
advantages of the corner reflector are broad fre-
queney response and high front-to-back ratio. 
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Fig. 18-20—Feed impedance of the driven element in 
a corner-reflector array for corner angles of 180 (flat 
sheet), 90, 60 and 45 degrees. "D" is the dipole-to-vertex 

spacing. 

Parabolic Reflectors 

A plane sheet may be formed into the shape 
of a parabolic curve and used with a driven 
radiator situated at its focus, to provide a highly 
directive antenna system. If the parai olie re-
Ileet))r is sutlit'it it t iv large so that the distanee 
to the focal point is a number of wavelengths, 
opt ival pondit ions are approached and the wave 
tOit ss t he mouth of the reflector is a plane wave. 
However. if the refleetor is of the same order of 
dimensions as t he operating wavelength, or less, 
the driven radiator is appreciably coupled to the 
relleeting sheet and minor lobes °emir in the pat-
tern. NVith an apertme of the order of 10 or 20 
wa velengt lis, sizes t liat maybe praetieal for micro-
wave work, a beam width of approximately 5 
degrees may be achieved. 
A reflecting paraboloid must be carefully de-

signed and et mstrueted to obtain ideal per-
formative. The antenna must be located at the 
focal point. Th, most desirable foval length of 
the parabola is that which plaees the radiator 
along the plane of the mouth; this length is 
equal to one-half the mouth radius. At other 
foeal distances interference fields may deform 
the pattern or cancel a sizable portion of the 
radiation. 
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CHAPTER 19 

Mobile and Portable-
Emergency Equipment 

The amateur who goes in for mobile opera-
t ion will find plenty of room for exercising his 
individuality and developing original ideas in 
equipment. Each installation has its special 
problems to be solved. 

Most mobile receiving systems are designed 
around the use of a h.f. converter working into 
a standard car broadcast receiver tuned to 
1500 Ice. which serves as the if. and audio 
amplifiers. The car receiver is modified to take 
a noise limiter and provide power for the 
converter. 

While a few mobile transmitters may run an 
input to the final amplifier as high as 100 watts 
or more, an input of about. 30 watts normally is 
considered the practical limit unless the car is 
equipped with a special battery-charging sys-
tem. The majority of mobile operators use phone. 

In contemplating a mobile installation, the 
car should be studied carefully to determine 
the most suitable spots for mounting the 
equipment. Then the various units should be 
built in a form that will make best use of that 
space. The location of the converter should 
have first consideration. It should be placed 
where the controls can be operated conven-
iently wit hottt distracting at from the 
wheel. The following list suggests spots that 
may be found suitable, depending upon the 
individual car. 

On top of the instrument panel 
Attached to the steering post 
Under the instrument. panel 
In a unit made to fit bet ween the lower lip 

of the instrument panel and the floor at 
the center of the car 

The transmitter power control can be 
placed close to the receiver position, or in-
cluded in the converter unit. This control 
normally operates relays, rather than to switch 
the power circuit directly. This permits a 

minimum length of heavy-current battery 
circuit. Frequency within any of the phone 
bands sometimes is changed remotely by 
means of a stepping-switch system that 
switches crystals. In most cases, however, it is 
necessary to stop the ear to make the several 
changes required in changing bands. 

Depending upon the size of the transmitter 
unit, one of the following places may be found 
convenient for mounting the transmitter: 

In the glove compartment 
Under the instrument panel 
In a unit in combination with or without 

the converter, built to fit between the 
lower edge of the instrument panel and 
the floor at the center 

On the ledge above the rear seat 
In the trunk 

Most mobile antennas consist of a vertical whip 
with some system of adjustable loading for the 
lower frequencies. Power supplies are of the 
vibrator, motor-generator, or transistor type 
operating from the car storage battery. 

Units intended for use in mobile installa-
tions should be assembled with greater than 
ordinary care, since they will be subject to 
considerable vibration. Soldered joints should 
be well made and wire wrap-arounds should 
be used to avoid dependence upon the solder 
for mechanical strength. Self-tapping screws 
should be used wherever feasible, otherwise 
lock-washers should be provided. Any shafts 
that are normally operated at a permanent or 
semi-permanent setting should be provided 
with shaft locks so they cannot jar out of ad-
justment. Where wires pass through metal, 
the holes should be fitted with rubber grom-
mets to prevent chafing. Any cabling or wiring 
between units should be securely clamped in 
place where it cannot work loose to interfere 
with the operat ion of the car. 

Noise Elimination 
Electrical-noise interference to reeept ion in a 

car may arise from several different sources. As 
examples, trinible may be experienced with igni-
tion noise, generator and voltage-regulator ha.sh, 
or wheel and tire static. 
A noise limiter added to the ear broadcast re-

ceiver will go far in reducing some types, espe-
cially ignition noise from vissing cars as well as 
your own. But for the satisfactory reception of 
weaker signals, some investigation and treat-

ment of the car's electrical system will be 
necessary. 

Ignition Interference 

Fig. 19-1 indicates the measures that may be 
taken to suppress ignition interference. The 
capacitor at the primary of the ignition coil 
should be of the coaxial type; ordinary types are 
not effective. It should be placed as close to the 
coil terminal as possible. In stubborn cases, two 
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Noise Elimination 

of these eapacitors with an r.f. choke between 
them may provide additiffnal supprossion. The 
size of the choke must he determined experi-
mentally. riff ..  diiig shoiild be made with 
wire heavy enough to early the coil primary 
current. A 10,0J0-ohm.supprossor resistor should 

ins.frted at the centl.r tower of the distributor, 
a 5000-ohm suppressor at eitch spark-plug tower 
on the distributor, and a 10,000 ohm suppressor 
at each spark plug. Tile latter may be built-in or 
external. A good suppressor element should be 
molded of material having low capacitance. 
Several concerns manufacture satisfactory sup-
pressors. In extreme eases, it may be neces-
sary to use shielded ignition wire. Suppressor 
ignition wire kits having the resistance distrib-
uted throughout the length of the wire are availa-
Ifle from some automobile supply dealers. Dis-
tributed resistance of this type is somewhat 
superior to lumped resistan ('C and may lw used 
if the lead lengths are right to fit your car. They 
should not be eut, but used as they are sold. 

COAxIAL - . Ipf. 

IGNITION 
COIL 

BREAKER 
POINTS 

e .0000 n. 

efe 

I=1 
ROTOR GAP 

S000 A 

10000 A SPARK PLUG 
SUPPRESSOR 

SPARK 

Fig. 19-1—Ignition system with recommended suppres-
sion methods. 

Generator Noise 

Generator hash is mused by sparking at the 
commutator. The piteh of the noise varies with 
the speed of the motor. This type of noise may I w 
eliminated by using a 0.1- to 0.25-pf. coaxial 
eapaeitor in the generator armature circuit. 
This capacitor should be mounted as near the 
armature terminal as pf fssible and directly 
on the frame of the gefieratf 
To redue(' the noise at 28 Me., it may lie neees-

sary to insert a parallel trap, tuned to the middle 
of the band. Ii series with the generator output 
lead. The coil should have almmt 8 turns of No. 10 
wire, spaee-wound on a I-ineh diameter and 
should Ife shuntefl with a :-.10-µpf. mica trimmer. 
It can be prettified by put ting it in the antenna 
lead to the home-station receiver tuned to the 
middle of the band. and adjusting the trap to the 
point of minimum noise. The tuning may need to 
be peaked up after installing in the car, since it is 
fairly faithful. 

Voltage-Regulator Interference 

In eliminating voltage-regulator noise, the use 
of two coaxial capacitors, and a wsistor-ndea-
capacitor rombination, as shown in Fig. 10-2, 
are effeetive. A 0.1- to (1.25-µf. coaxial vapacitor 
should be placed between the battery terminal of 
the regulator and the battery, with its case well 

grounded. Another capacitor of the saine size 
and type should be placed Ifetween the generatm 
terminal of the regulabir and the generator. A 
0.002-pf. mica capacitor with a 4-ohm carbon 
resistor in series should be connected between the 
tield terminal of the regulator and ground. Never 
use a capacitor aeross the field cunt acts or lie-
tween field and ground without the resistor in 
series, since this greatly reduces the life of the 

r'9 19 2—The right way to install bypasses to reduce 
interference from the regulator. A capacitor should never 
be connected across the generator field lead without 

the small series resistor indicated. 

regulator. In some eases, it may be necessary to 
pull doulfle-braid shielding over the leads Ifet ween 
the generator and regulator. It will be advisable 
to run new wires, grounding the shielding well at 
both ends. If regulator noise persists, it may he 
neeessary to insulate the regulator from the ear 
I ody. Tlie wire shielding is then connected to 
the regulator case at one end and the generator 
frame at the other. 

Wheel Static 

Wheel static shows up as a steady popping 
in the receiver at speeds over about 15 m.p.h. 
on smooth dry streets. Front-wheel statu' col-
lectors are available on the market to elim-
inate this variety of interference. They fit 
inside the dust cap and bear on the end of the 
axle, effectively grounding the wheel at all 
times. Those designated particularly for your 
car are preferable, since the universal type 
does not always fit well. They are designed to 
operate without lubrication and the end of the 
axle and dust cap should be cleaned of grease 
before the installation is made. These collectors 
require replacement about every 10,000 miles. 

Rear-wheel collectors have a brush that 
bears against the inside of the brake drum. It 
may be necessary to order these from the fac-
tory through your dealer. 

Tire Static 

This sometimes sounds like a leaky power 
line and can be very troublesome even on the 
liniaili•ast halo I. I t van he remedied by injecting 
an antistatic powder into the inner tubes 
through the valve stem. The powder is mar-
keted by General Cement and possibly others. 
General Cement dealers can also supply a con-
venient injector for inserting the powder. 
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Tracing Noise 

To determine if the receiving antenna is 
picking up all of the noise, the shielded lead-in 
shouid be disconnected at the point where it 
connects to the antenna. The motor should be 
started with the receiver gain control wide 
open. If no noise is heard, all noise is being 
picked tip via the antenna. If the noise is still 
heard with the antenna disconnected, even 
though it may be reduced in strength, it indi-
t t hat some signal from the ignition syst t• in 

is ng picked up by t he antenna transmission 

(4) 

AVC 

(s) 

R2 

c, 

v, 

R3 

Fig. 19-3—Diagrams showing addition of noise limiter 
to cor receiver. A—Usual circuit. B—Modification. 

CI, Ca- 100-144f. mica. 
C2, C4, C6-0.01-0 paper. 
C5-0.1-gf. paper. 
R1-47,000 ohms. 
R2, Rio-1 megohm. 
R3-1/2  megohm. 
R7, Rs, R9-0.47 megohm. 
RI- 10 megohms. 
R5-3/4  megohm. 
R6-0.1 megohm. 
Ii — 1.f. transformer. 
VI—Second detector. 

line. The lead-in may not be suffiriently-well 
shiolded, or the shield not properly grounded. 
Noise way also be picked up through t he battery 
circuit, altlanigh this does not normally hap-
pen if the receiver is provided wit h the usual 
r.f.-ehoke-and-bypass rapacitor filter. 

In case of noise fn nn this source, a direct wire 
from the " hot" battery terminal to the receiver 
is recommended. 

Ignition noise VariIS ill repetition rev wit h 
engine speed and usually can be recognized by 
that characteristic in the early stages. Later, 
however, it may resolve itself hito a popping 
noise that does not always correspond with 
engine speed. In such a case, it is a good idea to 
remove all leads from the generator so that the 
only source left is the ignition ),;stem. 

Regulator and generator noise may be de-
tiqaed by racing the engine and cutting the 
ignition switch. Titis eliminates the ignition 
noise. (letter:titer noise is eharacterized by its 
musical whine contrasted ‘vith the ragged raspy 
irregular noise from the regulator. 
With the mlitor running at idling speed, or 

slightly faster, cheeks should be made to try to de-
termine what is bringing the noise into the field of 
the antenna. It should be assumed that any con-
trol rod, metal tut te, stilaing post, etc., passing 
from the motor eompart nti ,nt through an insta-
l:111'1i bushing in the lip ‘vall will carry noisc to a 
point wilure it ran hi' l'adiatVd to the antenna. 
All () I' these should be bonded to the firewall 
with heavy wire or braid. Insitlat.d wires can 
be stripped of r.f. by bypassing them to ground 
with 0.5-pf. nwt.31-case capacitors. The follow-
ing should not be overlooked: battery lead at 
the ammeter. gasoline gauge. ignition switch. 

headlight, backup and taillight leads and the wir-
ing of any accessories running from the motor 
compartment to the instrument panel or outside 
t w car. 

The tirewall should be bonded to the frame 
of the car and also to the motor block with heavy 
braid. If the exhaust pipe and muffler are in-
sulated from the frame by rubber mountings, 
t 11,y slietzlil likewise be grounded to the frame 
wit h &Natty copper braid. 

Noise Limiting 

Fig. 19-3 shows t he alterations that may be 
made in the existing car-receiver circuit to 
provide for a noise limiter. The usual diode-
triode second detector is replaced with a type 
having an extra independent diode. If the car 
receiver uses octal-base tubes, a 6S8GT may 
be substituted. The 7X7 is a suitable replace-
ment, in receivers using loktal-type tubes, 
while the 6T8 may be used wit h miniatures. 
The switch t hat cuts the limiter in and out 

of the circuit may be located for convenience 
on or near the converter panel. Regardless of 
its placement, however, the leads to the switch 
should be shielded to prevent hum pick-up. 

Several other noise limiter circuits are de-
scribed in /Mils 1)111)hr:ilium. The Mobile 
Moomol For Radio . 1 oodems. Mobile Manual 
also deseribes an au( lit) squelch system. Thp latter 
is a simple circuit designed to suppress receiver 
baekground noise in the absence of a signal. It 
does not, however, function as a noise limiter 
\Own the receiver is tuned to a signal. 

\I Hi st one manufacturer (( tonset) produces a 
complete noise limiter unit. The unit is mounted 
external to t he main chassis and takes operating 
voltages from the receiver. 
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A Converter 

A Mobile Converter for 3.5 through 28 Mc. 

Figures 19-4 through 19-7 show a crystal-con-
trolled converter covering 3.5 through 28 Mc. 
without complex hand switching or gang-tuned 
eircuits. Plug-in coil assemblies provide rapid 
band changing and allow construction for either 
single-band or multiband operation. The con-
verter uses the car broadcast receiver as a tunable 
i.f. amplifier. 

Plate power requirements for the converter 
are approximately 20 milliamperes at 200 to 250 
volts. This means that the unit can be supplied 
from the car-receiver power pack without over-
loading it. 

The Circuit 

The circuit diagram of the converter is shown 
in Fig. 19-5. A 6B7.6 is used in the r.f. amplifier, 
and a 12AT7 operates as a mixer-oscillator. The 
oscillator is crystal-controlled and works on the 
low-frequency side of the signal frequency. J1, 
J., and J3 are the antenna-input, mixer-output 
and power jacks, respectively. Si performs the 
switching in changing over from ham-band to 
broadcast input. Sut and SiB shift the antenna 
from the converter input circuit to the car 
receiver, and Sic is the heater on-off switch. 

Since the tuning of the converter is fixed, the 
circuits of the r.f. amplifier and the mixer must 
be broadbanded to pass all frequencies in any 
ham band. A slug-tuned coil, La, is used in the 
amplifier plate circuit, and RFC' provides a 
broad-band plate load for the mixer tube V2A. 
The grid circuit of the amplifier also uses a slug-
tuned coil and includes a trimmer capacitor, CI, 
that permits peaking the input for the antenna 
in use, or in tuning completely across a band. 
A slug-cored coil is used at L4 to facilitate reso-
nating the circuit near the crystal frequency. 
The frequency of the oscillator must differ 

from the frequency of the received signal by the 
frequency of the tunable i. f. amplifier. With the 
ear broadcast receiver following the converter, 
the i.f. range will be front approximately 550 to 
1550 he. Since the tunal de i.f. range is thus 
limited to a band 1000 ke. wide. the tuning range 
of the system with any single crystal will be 
restricted to 1 Nle. This is sufficient for all except 
the 28-Mc. lama. Two crystals are required to 

Fig. 19-4—The aluminum case for the converter meas-
ures 3 X 4 X 5 inches (Bud CU-3005 or Premier AMC-
1005). Amphenol type 86-CP4 male jacks mounted on 
the front of the box mate with MIP 4-prong sockets 
mounted on the rear of the coil compartment shown in 
the foreground. Knobs for Ci and Si are to the left and 
right, respectively, of the pilot lamp. The coil box meas-
ures 21/4  X 2% X 5 inches (Bud CU-3004 or Premier 
AMC- 1004). Slug-adjustment screws for La, La and L4 
protrude through rubber grommets mounted on the 

front wall of the plug-in coil assembly. 

cover the entire 10-meter hand. The first of these 
gives a tuning range of 28 to 28.9 Mc. and the 
second permits tuning 28.8 to 29.7 Me. An 
accompanying frequency chart lists the crystal 
frequencies and the ranges over which the broad-
cast receiver must be tuned to cover the amateur 
bands. 

Construction 

The input-tuning capacitor, Ch the pilot lamp 
and the switch are in line across the panel of the 
converter as shown in Fig. 19-4. Each of these 
components is centered inch down from the 
top of the case and each is separated from the 
other in horizontal plane by 13/1 inches. The 
male jacks for the grid, plate and oscillator coils 
are below CI, I and Si in that order. Each jack is 
centered 1% inches up from the bottom of the 
cabinet. 
The chassis, shown in Fig. 19-7, may be made 

of thin aluminum sheet and should be fastened 
to the side walls of the cabinet with homemade 
brackets, or angle stock. The sockets for V1 
(at the right as seen in the rear view) and V2 
are centered 1% inches in from the right and 
left edges of the chassis, respectively. J3 is cen-
tered on the rear wall of the chassis with J1 and 
J2 to the right and left. 
A bottom view of the converter clearly shows 

the components mounted below deck. 
The exterior and the interior of the coil box 

are shown in Figs. 19-4 and 19-7. Wind the 
antenna coupling coils, LI in Fig. 19-5, around 
the ground ends of the grid coils before the latter 
are soldered in place. Wind the coupling coils 
rather snugly but not so tightly as to prevent 
adjustment of the coupling to L2 during testing 
of the converter. 
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6- VOLT HEATER CIRCUIT 

I2- VOLT HEATER CIRCUIT 

--SEE TEXT 

TO ‘1,, 

Fig. 19-5—Circuit diagram of the crystxl•controlled mobile converter. Unless other-
wise indicated, capacitances ore in pif., resistances are in ohms, resistors are 1/2  watt. 

CI — 35-toaf. midget variable (Hammarlund MAPC-
35-8). 

C2, C3- 100-gid. eeramic tubular. 
CI, CT, C., C7- 1000-µof. disk ceramic. 
Cs-0.01-0. disk ceramic. 
It— Pilot- light assembly [Johnson 147-503 with No. 44 

(6-volt) or No. 1815 ( 12-volt) lam91. 
J1, It—Motorola-type shielded jack (ICA 2378). 
13-4-prong male chassis connector (Cinch-Jcnes P-

304-AB). 
Li, 12, La, Li—See coil chart. 

All a.e. transformer may lie used for the Ma-
ment$ while testing the vonverter. The pl de sill)-
ply should deliver 20 milliamperes at 2110 to 250 
volts. A modulated-signal generator cuivering the 
bands for which the converter has been con-
structed is extrentely helpful. To be niost effee-
tive. the generator should have It 50-ohm out ; 1111 
termination. A grid-dip meter for preliminary 
adjustment of the slug-tuned coils is useful_ but 
not essential to alignment. If at all po s:41 )1(>, tin> 
ear receiver that is to he used as the tunable i.f. 
should be used during the testülg. 

Using coaxial-cable leads, connect I he signal 
generator and the broadeast receiver to ./ 1 

respeetively. Snitch Si to the trim-band 
position, and apply heater powpr. 'I lit iii vii' 

!wed not he turned oft : it this time, and plate 

V, V. 

R,-180 ohms, 1/2 watt. 
R2-22,000 ohms, 1/2  watt. 
R3-2200 ohms, 1/2 watt. 
Ri- 1 megohm, 1/2  watt. 

megohm, 1/2  watt. 
K-33,000 ohms, 1/2  watt. 
RFC: — 10-mh. r.f. choke (National R-1005). 
Si — 3-pole 3-oosition (used as 3 p.d.t.) selector switch 

(Centralab PA- 1007). 
Vi—Sec text and frequency chart ( International Crystal 

type FA-9). 

power for the converter does not have to be 
applied. Now. rotate Cu to apptoximately half 
eapmeit:trice :11111 then ailjust L2 to EV:401111MP ( 11SV 

the grid-di)l meter as the indicator) ; it the low 
end of the band. Move the grid-dipper over to 
the plate circuit of the amplifier and 1P:1k L3 at 
the center of the band. Next, couple the meter to 
Li of the oscillator and tune the voil to the rm-
quiptivy of the crystal in its( .. 

.‘fter these initial adjustments, plate power 
may be applied tu> Ole converter and a frequeney-
indicating device used to lilt it oscillation of 
1.21i. If the grid-dip meter is the self-rectifying 
type it may he' used for the cheek. An absorption-
type ‘vavetneter %all indicator or a receiver 
tuned to the erystal frequency ( with the b. f.o. 
on) may also be used for the purpose. In any 

Fig. 19-6—A bottom view of the mobile converter. The 
amplifier tube socket at the right is mounted with Pin 
7 facing toward the rear wall of the chassis. RI and R2 
are to the right and left of the socket, respectively. 
The socket for V2 is mounted with Pins 4 and 5 facing 
toward the rear of the unit. C2 is to the lower left of R2, 
and RFC' is mounted on the front wall of the housing. 
C7 and R5 are to the left of the base of the choke. C5, 
Cc and R:i are to the right of RFC. The output coupling 
capacitor C:i is supported between Terminal 4 of .13 
and Pin 6 of the socket for V2. Ri and /I:. are partially 

visible to the right and left, respectively, 
of the V2 socket. 
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COIL CHART FOR TIIE MOBILE Ct INVER rER 

Turns 

Mc. L1 

:3.5-4 14 
7-7.3 

14-14.35 4 
21-21.45 3 
28-28.9 3 
28.8-29.7 3 

hid. Ramie, ph. Type .Vo. 

36-434 
9-18 
3-5 
2-3 
1-1.6 
I-1 . 6 

L4 

64-105 105-200 
18-36 36-64 
5-9 9-18 
3-5 3-5 

I . 6-2.7 • 2.7-4.5 
1.6-2.7 2.7-4.5 

L2 

I20-F 
120-1) 
120-13 
120-1 

10(X)-1 
1000-.1 

L4 

I20-( 120-11 
120-E 120-F 
120-C 120-1) 
120-13 120-13 

1000-13 1000-C 
1000-13 1000-C 

Note: Li is %vomit' witl No. 28 ( 1.e... wire at grounded end of 12. L2. L2 and L4 are slug-tuned 
coils manufactured by Na..ht ti ii 1 -tre (Mineola, L.I.) 

event, L.1 should be tuned through resonanee to 
the hiyh-frequeney sicle of the eryst.il frequeney 
until the crystal oscillates reliably : 1", inilivated 
by rapid starting when plate power is turrnal On. 
With the con veni or awl the i.f. amplifier both 

turned on. and u it 11 the signal generator tuned to 
the center of the band, tune the receiver until the 
test signal is heard. Peak L3 and L4 or best 
response and 111(.11 peak L. With CI set at half 
eaparitanee. The coupling between Lt and L2 
May nOW be adjusted for (iptimunt performative. 

1f the aforementioned test equipment is not 
available, the (amverter may be aligned %%Ilk. 
using a strong local of known frequeney as the 
signal source. Of course, the signal frequency 
nned be in the hand for which the converter is to 
be aligned. In using this system, first set the 
broadeast receiver as elosely as possible to the 
proper i.f. frequeney ( see the frequency chart ) 
and then tune Li until the crystal oscillates. It is 
advisable to tune the receiver through a narrow 
range as the ( iscillator coil is being adjusted to 
aSSItre that tla' lust signal will be heard as soon as 
t he crystal I trunks into oscillation. After the signal 
is ( letected. the grid, plate and oscillator circuits 
ma V ed for maximum over-all gain. 

i'he mobile antenna should be resonant and 
tightly coupled to the converter. Traps for sup-
pressing in t Tference cause by st rong local broad-
cast signals that feed in through the converter 
to the tunable if. have toit been included in the 
ci inverter because the need for them will be 
entirely dependent On local broadcast-station 
power and frequeney assignments. 

(Originally described in QT, Nov. 1957). 

Fig. 19-7—Homemade L-shaped chassis, mounted on 
small brackets fastened to the side walls of the converter 
housing, is 41316 inches long, 2 inches wide and 11/2 inches 
deep. V1 is mounted on the chassis to the right of V2 
as seen in this rear view. it, it and .12 are in line in that 
order from right to left across the rear wall of the chassis. 
An interior view of a coil compartment is shown in the 
foreground. Terminals of the coils are soldered directly 
to the socket terminals. Notice that the crystal for the 

oscillator is mounted adjacent to LI. 

FREQUENCY CHART FOR THE MOBILE 
CONVERTER 

Band 
.1I r. 

Crystal 
Freq., .11r. 

1.F. Range 
Kr. 

--------
3.5-4 
7-7.3 
14-14.35 
21-21.45 
28-28.9 
28.8-29.7 

2.9 
6.4 
13.4 
20.4 
27.-1 
28.2 

650-1100 
600--900 
600-950 
MO- 1050 
600-1500 
600-1500 

Note: Li. range indicates broadcast 
receiver tuning range neeessary for cover-
ing the associated amateur frequencies. 

(For a deseripti(m of a bandswitehing crystal-
eu in converter, see QST, January, 1955, or 
The Mobile Manual for Radio Amalenrx.) 
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Transistor Mobile Converter 
The crystal-controlled converter shown in 

Fig. 19-8 is a eompaet, fixed-tuned converter 
which exhibits exeellent performance when used 
with the tuutomobile receiver. It is designed for 
one-band operation but may be constructed for 
any amateur band between 80 and 10 meters. 

All of the components, including the power 
supply for the converter, are housed in a 5% X 
3 X 2%-inch NIinibox that can be mounted 
under the dashboard of the car. The unit is 
built in one half of the box so that it may be 
"dropped" for servicing or adjustment while 
the other half numains mounted to the dash. 
Only two external connections to the con-

verter are necessary. A coax lead from the an-
tenna must go to the antenna input of the unit, 
and an output coax connection to the car radio. 
The circuit for the converter is shown in 

Fig. 19-9. 'The oscillator circuit is a transistorized 
version of the triode Pierce. Injection for the 
mixer is taken from a small link wound over 
the cold end of the collector tank coil. The 
emitter of the mixer transistor is returned to 
ground through this link. The mixer circuit 
corresponds to a triode vacuum-tube mixer 
utilizing cathode injection from the oscillator, 
the major difference being the low input imped-
ance of the transistor base as compared with 
the relatively high input impedance of a vac-
umn-tube grid. 
The crystal frequency used in the oscillator 

portion of the converter is given in the tuned 
circuit data table. On 30 and 21 Mc., the crystal 
is operated at its third overtone and on the 
lower bands the fundamental mode is used. 
The induct:tares are wo‘Illd on slug-tuned 

forms and slituth4l with the capacitances shown 
in the tuned circuit data table. 
The circuit shows a crystal diode connected 

from the high impedance end of Li to cell B2. 
This gives :u measure of protection for the mixer 
transistor in the event that an excessive amount 
of r.f. energy is introduced into the converter. 
When a signal greater in voltage than B2 ap-
pears across LI, the diode will conduct and short 
the excess r.f. to ground. 

Power Supply 

The converter requires about 8 volts d.c. for 

operation and takes on the order of 3 ma. of 
current. A built-in battery supply serves two 
important puposes. First, it eliminates one of 
the prime sources of ignition interference, since 
variotts noises from tile g lilt ric:tl system of t I 
car can be carried into the converter via II, 
leads from the car battery. Also, with a s(•1:.-

TUNED CIRCUIT DATA FOR 
THE TRANSISTOR CONVERTER 

Band Coil 
, r r . , tal 

1 
ad. ant. I r, q. 

I 

1.1. 
Range 

28 L1, 12 turns 15 15 27.85 650-1600 
Mc.* No. 20 errant. Mc. le. 

Tap at 4th turn. 
Lx, 2 turns 

No. 20 enam. 
L3, 12 turns 

No. 20 enain. 
LI, 2 turns 

No. 24 enam. 

21 LI, 15 turns 15 15 20.35 650-1100 
Me. No. 20 enam. Me. ke. 

Tap at 5th turn. 
Lx, 3 turns 

No. 20 enarn. 
L3, 15 turns 

No. 20 enam. 
Li, 2 turns 

No. 24 enarn. 
- - 

14 13.35 1,,, 23 turns 15 15 6.50-1000 
Mc. No. 24 enam. Me. Ice. 

Tap at 6th turn. 
14, 5 turns 

No. 24 enam. 
L3, 26 turns 

No. 24 enam. 
L4, 3 turns 

No. 24 enam. 
— — 

LI, 35 turns 6350 650-950 7 33 33 
Mc. No. 28 enam. ke. ke. 

Tap at 10th turn. 
L2, 6 turns 

No. 28 enam. 
L3, 40 turns 

No. 28 enam. 
L1. 1 turns 

No. 28 enarn. 
— — 

40 2850 1 I LI, 52 turns 10 650 - 1150 
Me. No. 31 enam. ke. ke. 

Tap at 13th turn. 
L2, 8 turns 

No. 31 enam. 
L, 72 turns 

No. 31 enam. 
1.4. 5 turns 

No. :11 enam. 

• 28.5 to 29.15 Me. 
All roils ,'lose-wound on 1 1:rineh (ham. she-tuned ' iron .!lug) forms. 
Tap on Li ta be made near cold eud of coil. L2 wound over cold end 
of LI. 

Fig. 19-8—View of the transistorized converter. The va-
riable output capacitor C4 is mounted on the right front 

panel. Directly behind CI is the 8.4 volt mercury battery 
81 held in place by a bracket which is sold in most hard-
ware stores as a broom holder. The two transistors are 

the round black objects in the center. They are supported 
by their own leads which are soldered to tie points. The 

converter shown here operates on 10 meters. 



Transistor Mobile Converter 

OSCILLATOR 

Fig. 19-9—Circuit 6f th.6 trr.mtist6r166d 66nveilér. 

ANT 

CR, 

RCVR. 

81-8.4 volt mercury transistor battery (RCA VS312). 
B2-1.5 volt penlite cell. 
CRI—High back-resistance crystal diode ( 1N54A) 
CI, CS—Silver mica or NPO ceramic; see the 

circuit data table for values. 
C3—.005 erf. ceramic. 
C4-365 µ0. variable capacitor (Allied Radio 

61 41-009). 
Js—Automobile type antenna connectors. 

Li, LI, inc.—See coil table. 
Ls- 320-500 uh. slug tuned coil (Miller 4514). 
Lo— 10 turns No. 30 enam. close-wound over L5. 
QI , Q2-2N247 transistors. 

tuned 

Co. R1-0.47 megohms, 1/2 watt (value may require slight ad-
justment for individual transistors). 

Si—Three pole two position rotary switch (Centra;ab 
PA-2007). 

Yi —Crystal (International Crystal Co. type FA-5 for 
miniature socket. FA-9 for standard socket). 
See table for frequencies. 

contained battery it is unnecemtry to make 
any power-supply conneetions either to the car 
reepiver or car battery. This saves considera! de 
(inn. during installation and makes the unit 
readily adaptable to portable operation. 

Wiring 

No. 30 wire is adequate for wiring because of 
the small current and voltage requitrments of 
the converter. Spaghetti should be used over 
exposed k-ads that might come in contact with 
other turfs lx-cause of the vibration that occurs 
in mobile operation. For the same reason, it is 
essential that gootl soldered connections be made. 
The information given in the tuned-circuit 

data tal de applies to coil forms. Ready-
wound slug-tuned coils, such as the Miller -1500 
series or the CTC LS3 series, can also be used 
wills the links shown in the chart. Li is tapped 
about M up from the eold end. CI and r2 
should be ehosen to 1.esailie, in a given amateur 
band, with the iridiu•Innue of the particular coil 
used; the L/C rat t, s tut vritical. 

Construction 

The converter is assembled in one half of a 
5% X 3 X 2X-inch Minibox. The box-cover 
(with the lips) is mounted permanently under 
the automobile dash. The only front-panel con-

trols are the converter-broadcast switch Si and 
the output peaking control C4. Mount S1 so 
that the leads coming from the antenna con-
nectors will line up with the proper switch ter-
minals. Two 5-terminal tie points are mounted 
in the center of the ehassis for supporting the 
crystal socket, transistors and other small com-
po.nents. The three slug-tuned inductances are 
supported on the rear wall of the chassis, as are 
the two antenna conneetors. 

After the major components have been in-
stalled, only a few wiring connections remain. 
Be sure to leave long leads on the inductances 
after winding them so that the leads may be 
directly connected to their proper points. 

In the circuit, cell 112 has its negative terminal 
grounded. A lug soldered to the cell case and 
bolted to the chassis will make a sturdy sup-
port for the cell. 

Adjustment and Testing 

After the unit is wired, the first test should be 
to make certain that the oscillator is functioning. 
Turn on the converter. Tune a communications 
receiver to the crystal frequency and adjust 
the slug in L3 until the signal is heard. The os-
cillator will not funetion unless the collector 
tank (C2L3) is resonant. 
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After the oscillator is operating properly, in-
stall the unit in the ear and turn it on. W it Ii the 
broadcast, radio turned on, adjust the slug in 1.3 
for maximum background noise. Next, adjust 
the slug in L1 for ruz(xi.,,,,n noise, or sAect, a 
weak signal and peak it up for maximum gain. 
Then set the ear radio at the high end of the 
i.f. band and adjust the slug in L5 for maximum 

gain with ("4 at minimum capacity. Tiie low end 
of the i.f. band should peak wlatn C4 is set near 
maximum. If only one segment of a particular 
band is going to 1st used, additional gain can be 
had by peaking the coils for that portion of the 
I and. If, for exampItt. 75-notter phone operation 
is desired, peak ti L( tantyttitter for 3800 to 4000 
ke. rather than 3500 to 4000 kc. 

Crystal-Controlled Converters for 50 and 144 Mc. 
The mobile converters shown in Figs. 19-10 

through 19-13 combine simplicity with good 
v.h.f. design practice. Although only two tubes 
are used in each, the converters include a stage 
of r.f. amplification its crystal-controlled os-
cillators. Ten meters was vhosen t the if. be-
rouse when the broadcast receiver is used as the 
tunable i.f. for v.h.f. converters images ant a 
problem, and only 1 Me. at a time could be 
tuned. The converters described here, there-
fore, are desigtatd to work into a 10-meter con-
verter or reeeiver. Titis ran be a tunable con-
verter which in works into the broadcast 
receiver, or a complete self-taint:tined 10-meter 
receiver. 

The 50 Mc. Unit 

The circuit diagram for the 50-Me. unit is 
shown in Fig. 19-11. A 6AK5 is used as an r.f. 
amplifier. The same gain with lower noise call 
be obtained with a cascode-type dual-triode 
amplifier, but the performance of titis pentoile 
stage is satisfactory and its design is consid-
erably simpler than the triode amplifier. 

Tite crystal oscillator makes use of a 22-Mr. 
overtone crystal. A crystal on the reqtiired in-
jection frequency eliminates the need for mul-
tiplier stages, and makes possible the use of a 
simple eslat or circuit. The 10-meter receiver 
or convertttr is tuned froto 28 to 30 Mc, in cov-
ering 50 to 52 Me. If a general coverage receiver 
covering 26 to 30 Me. is used, a 24-Me, crystal 
in the oscillator will allow tutting 50 to 54 Mc. 
however, any injection fnapetney may be used 
to cover a desired portion of the band. 
The pttntode half of the 6118 tube is used as 

a mixer. The oscillator and mixer sections : we in 
the same tube envelope so there is enough stray 
coupling between the two for adequate oseilla-
tor injection. 
The diagram shows the heaters conneeteti for 

12 volts. If 6-volt operation is desired, the heat-
ers are connected itt parallel and is disre-
garded. 

Tite converters are built in a 5!,¡ X 3 X 2M-
inch Mittil ox. All of the parts are mounted on 
the bottom half of the box while the upper halt 
(the one with lips) is fastened under the car 
dash. The bottom half containing all t he coin-
ponents van ix' slid in and out for easy servicing. 

Fig. 19-10 shows the placement of most of 
the components. The output !staking control ("1 
and switch SI are mounted on one ship of the 
chassis to form the front panel. Thit tubes, 
slug-tuned inductances. crystal socket and an-
tenna connectors are mounted directly opposite 
on the bark wall. Two tie-points are bolted to 
the base of the box for connecting and support-
ing leads and components. When wiring, make 
the r.f, leads as short and dire,1 ; is possible. 

The 144-Mc. Unit 

The circuit diagram for the 144-Mc. converter 
is shown in Fig. 19-13. Two 6178 tubes are used 
with the pentode section of olle tube acting as 
the r.f. amplifier followed by the triode-section 
mixer. The other 6(18 is used as an overtone 
crystal oscillator and pentode fottpieney multi-
plier. By combining all the features of a 1-tube 
crystal-controlled converter in a two-tube model 
space-saving simplicity is achieved. 
The same basic circuit used in the 50-Mc. 

Fig. 19-10—View of the 50-Mc. con-
verter. The inductances are from left 
to right: ( bottom) L7, (top) L5Lr., 
1.11.2. The top of crystal Yi can be seen 
between the tubes. The 22-ohm 2-watt 
resistor in the center of the chassis is 
the heater current compensating re-
sistor, used for 12-volt operation. 
Input and output antenna connectors 
are mounted on opposite ends of the 
back wall. Power is fed to the unit 
through the twisted power cable run-
ning in from the left side of the 

photograph. 



Crystal-Controlled Converters 
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6U8 

RCVR. 

Fig. 19- 11—Schematic diagram for the 50-Mc, mobile converter. All resistors 1/2  watt unless otherwise specified. Ca-
pacitor values below 0.001 µf. are in µµf. All 0.001 µf. capacitors are disk ceramic. 

Other fixed capacitors are tubular ceramic. 

C1- 35-µµf. midget variable capacitor (Hammarlund 
MAPC-35-B). 

J1, 12—Automobile type antenna connectors. 
LI — 3 turns No. 20 insulated wire, close-wound over 

cold end of L2. 
1...2-9 turns No. 20 enam. wire, close-wound on 1/2  inch 

slug tuned coil. 
1,-16 turns No. 20 enam. wire, close-wound on 1/2  inch 

slug tuned coil form. 
1,-6 turns No. 20 insulated wire, close-wound over 

cold end of L. 
L-14 turns No. 20 enam. wire, close-wound on 1/2  inch 

model is followed in the 111- Me. unit except 

for the addition of a multiplier stage following 

t•rysitti usviiiator. Tim. oscillator operates at 

38.666 Mc. and is multiplied to I 16 Mt'. in the 

triplet. stage. As in the 50- Me. converter, this 

unit is designed to work into a 10-miter reveiver 

or converter. If the i.f, tunes from 27 to 30 Me., 

the converter will tune from III to 117 Me. 

However, ally seginent of the band may Ix. 

Fig. 19- 12—View of the 144-Mc. converter. 
The inductances from left to right are: (top) 
11L2, l-,Lo., (bottom) 17 and L. All compo-
nents except 5, and C, are mounted on the 
back wall of the chassis. A single tie point in 
the bottom of the channel supports various 
leads and provides junctions for sundry con-
nections. The input and output antenna con-
nectors are placed near the bottom right and 
left of the back panel. The crystal Y, is be-
tween the two tubes. Converter power is fed 
through the twisted cable which passes 
through a hole and grommet in the back 

wall of the chassis. 

slug tuned coil form. 
1.6-2 turns No. 20 insulated wire, close-wound over 

cold end of L. 
17-28 turns No. 30 enam. wire, close-wound on 1/2  inch 

slug tuned coil. 
RI- 22-ohm 2-watt resistor (used for 12- volt heater 

operation only). 
Si—Three-pole two- position rotary switch (Certralab 

PA- 2007). 
Y1-22 Mc. overtone crystal. ( International Crystal type 

FA-5 for miniature socket, FA-9 for standard 
socket). 

tuned by clmosing the proper crystal frequene•. 

Unlike the 50- Mc. converter, the oscillator-

multiplier stages of the I l-1- Me'. converter are 

physieally separated from the mixer stage. It is 

necessary, therefore, to couple the I 16-N1(.. 

energy from the multiplier stage to the grid of 

the mixer. Capacitor ( .2 is used for this PtirPose• 

It eonsists of a pair of twisted hook-up wires 

witli one end of OOP It':111 C011111 .01.41 to the mixer 
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Fig. 19-13—Schematic diagram for eie 144-Mc. con-
verter. All resistcrs 1/2 watt unless otherwise specified. 
Ccpacitor VOIUE. S below 0.001 µf. are in µµf. All 1000-
µµf. capacitors are disk ceramic. Other fixed capacitors 

are tubular ceramic. 

CI- 35-µµf. midget variable capacitor (Hammarlund 
MAPC-35-8). 

C2—Oscillator injection capacitor (see text). 
14 12—Automobile type antenna connectors. 
Li-2 turns No. 18 enam., % inches long, on 1/2 inch slug 

tuned coil form. 
12-2 turns No. 20 insulated wire, close wound over 

cold end of Li. 
L3-2 turns No. 18 enam., 3/ inches long, on Y2 inch slug 

tuned coil form. 

grid and tlp• end of the other lead connected to 
the multiplier plate. 
The circuit diagram shows the heaters con-

sleeted for 12-volt operation. For ti volts, the 
heaters should be connected in parallel. 
The same basie outline of construetion used 

in the 50-Mc. converter is followed in the 111-Mr. 
unit. Fig. 19-12 shows how output peaking eon-
trol CI and the eontrol switch St am mounted 
on the front wall of the •• hassis while most of 
the remaining parts an• secured to the rear sur-
face. A single tie point is mounted on the bottons 
of the iliassis for competing and supporting 
various leads. The input and output antenna 
vonneetors are mounted at opposite ends of the 
back wall of the chassis. 

Testing the Converters 

The 50-Me. i•onverter requires 0.625 ampere 
at 6 volts (or 0.45 ampere at 12 volts) for the 

L4-2 turns No. 20 insulated wire, close wound over 
cold end of ti. 

Ls-9 turns No. 24 enam., close wound on 1/2  inch slug 
tuned coil form. 

1.6-2 turns No. 20 insulated wire, close wound over 
cold end of 1.3. 

17-10 turns No. 24 enam., close wound on 1/2  inch slug 
tuned coil form. 

La-5 turns No. 18 enam., 1/2  inches long, on 1/2  inch 
slug tuned coil form. 

Si—Three-pole two- position rotary switch (Centralab 
PA-2007). 

Y1-38.666 Mc. overtone crystal (International Crystal 
Co. type FA-5 for miniature socket, FA-9 for 
standard socket). 

heaters. :mil approximately 17 ma. at 150 volts 
for the plate supply. If the car radio delivers ill 
exeess of 180 volts, the plate voltage on the 
ronverter should be limited by a dropping re-
sistor. 
Thp un-mr. (,),,,,tp, requires 0.9 ampere 

at 6 volts (or 0.15 ampere at 12 volts) for the 
heat(gs. A plate voltage of 150 volts is required 
at about 30 mt. 

All tuned cireuits should Ise eheeked for rests-
stamp sv ¡lit a grid-dipper. The proper frequency 
for each eireuit is given in Figs. 19-1 I and 19-13. 
Apply power to the converter mutts!. test, :old 
adjust the oscillator eireuit until it goes into 
oscillation. This ran Ix. confirmed by tuning the 
home receiver to the oscillator lut ' iii Ttine 
the oseillator inductance until the liai\iiltilluu 
oscillator signal is obt:tined. Now feed a 50 or 
I 44- signal into the converter under test. 
This signal may come from a signal generator 
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or a grid-dip meter, or IIMy he an :ulna! signal 
from the antenna. Go through the converter 
stage by stage, adjusting the inductances for 
peak output. After the first run of peaking is 
eompleted the vonverter should Ito spot-aeeked 

throngh the entire band to make the 
(ver-all response is fairjy fiat. Output capacitor 
CI is used to peak the output circuit. L5 is au-
justed so that CI peaks at mid-capacitance in 
the venter ()I tire il. tutting r:mge. 

A 20-Watt High-Frequency Mobile Transmitter 

Figures 19-14 through 19-17 illustrate a com-
plete 20-watt transmitter that may be operated 
on any band from 80 to 10 meters. The design 
avoids the complication, expense and difficult 
construction associated wit h the average multi-
band transmitter, but does not confine its appli-
ca t ion to any one band. ('hanging from one band 
, another as operating interest varies is a simple 
t ter of unsoldering a pair of readily-accessible 

,,,i Is and replacing them with others for the new 
hand. 

Circuits 

The circuit of the transmitter is shown in Fig. 
19-15. A 5763 crystal oscillator drives a 2E26 
final amplifier. Quadrupling frequency in the 
output of the grid-plate oscillator from a 7-Me. 
crystal will provide adequate drive for the final 
on 10 meters. Sufficient capacitance is provided 
in the plate tank of the 2E26 for a Q of 10 or 
more on all bands except 80 meters. On 80 meters, 
the tank Q will drop to about 6, but there is little 
danger of appreciable harmonic output when 
feeding a high-Q antenna such as the usual 
loaded whip. Adequate output coupling on this 
band is assured by tuning the output link line. 
Parallel plate feed is used in both stages. 
The audio circuit is equally simple. One triode 

unit of a 12AU7 is used as a grounded-grid ampli-
fier. This provides low-impedance input for a 
carbon microphone without the need for a micro-
phone transformer. The second triode unit of the 
12AU7 is used in conventional fashion to drive 
a 1635 Class B modulator. This tube operates at 
zero bias with an idling current of only 10 ma. 
D. c. voltage for operating the carbon micro-
phone is obtained by connecting the microphone 
in series with the two speech-amplifier cathodes 
and ground. 
The 1-ma. meter M I may be switched across 

appropriate multiplier shunts to read amplifier 
grid or plate current, or modulator plate current. 
A d.p.d.t. change-over relay, K1, actuated by the 

Fig. 19-14—A panel-illuminating lamp is 
mounted to the right of the meter, along 
with the amplifier-tank and antenna- link 
tuning controls. Along the bottom, from left 
to right, are the microphone jack, meter 
switch, filament switch, tune-operate switch, 

oscillator tuning control and the crystal. 

microphone push-to-talk - \\ itch, is also provided. 
One pole shifts the uni ruta from receiver to 
transmitter, while the () titer mutes the receiver 
by shorting the voice coil of the speaker. SI 
removes screen voltage from the 2E26 and dis-
ables the relay so that the oscillator may be tuned 
up before the amplifier is put on the air. 

Construction 

A 5 X 6 X 9-inch steel utility box ( Middle-
town Mfg. Co., Middletown, Conn.) is used as the 
cabinet for the transmitter. The chassis is bent 
up from aluminum sheet zuiproximately 146 inch 
thick. The chassis is S inches wide, 6 inches 
deep and has 2-inch lips along the front and rear 
edges. 
C3 and C4 are mounted on the front wall of the 

partition with their shaft centers 1% inches 
above the chassis. The shaft of (74 is centered 
11/4 inches from the open edge of the shield, while 
the shaft of C3 is centered 3 inches in. The shafts 
of these capacitors are connected to panel-bearing 
units by rigid metal shaft couplers. 
The socket for the 2E26 is submounted on %-

inch spacers, beneath a 1!¡-inch clearance hole 
centered 1 inch from the rear edge of the chassis 
and 2 inches in from the side. RFC4 is mounted 
horizontally from the front wall of the partition, 
below and between C3 and C4. 
The output tank coil, /42, is cemented to a 

1-inch cone insulator and soldered between a rear 
stator terminal of C3 and a grounding lug on the 
chassis. The bottom end of L3 is connected to a 
rear stator terminal of C4, while the other end 
goes through a small feed-through point in the 
chassis to a relay terminal immediately below. 
The 5763 is centered between the partition and 
the front panel, and between the shafts of C3 
and C4. 

Fig. 19-17 shows the modulation transformer 
in the upper right-hand corner of the chassis. 
The secondary taps of 7'2 should be set for 7500 
ohms. The 12AU7 and 1635 sockets are centered 
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Fig. 19-15-Circu;t of the single- band mobile transmitter. All resistors are 1/2  watt unless otherwise specified. All ca-
pacitances less than 0.001 µf. are in µbd. All 0.001-µf. capacitors ore disk ceramic. Fixed capacitors of smaller value 

may be mica or NPO ceramic. Capacitors marked with polarity are electrolytic. 

Ci -Mica or ceramic trimmer. 
C2-Air variable (Hammarlund HF-50). 
C:-Air variable ( Johnson 167-4). 
Ci- Air variable (Hammarlund HF-140). 
C2,- Paper ceramic. 
li - 6.3-volt 250-ma, dial lamp. 
Ji, 12-Coaxial connectcr (S0-239). 
J.:- Push-to-talk microphcne ¡ack. 
-Power connector (octal tube socket). 

K: - D.p.d.t. 6-velt or 12- volt d.c. relay (Guardian 

Series 200). 
Li, L2, Li- See coil table. 

oil :1 11111 . 121)11111 1111.1kVay het \veer] the re:tr of the 

meter : 11111 t moclulat ion transrconnor. 

suel:et fur the 12.1[75 vent ered 7 .; inch from 
the end of t he chassis, t he suel:et for the 
1 1135 is spaced sufficiently from the 12. \ 
soel:et so that the driver t ransformer. T1, ran be 
mounted behveen the INV" slirl:10S. 1111111 .1111.0.111 

1•11:1SHIS, 

T111. 133'0 1.0:L\I01 1•1111111 .1•tterS, .11 :11111 .12. : 11'0 

111011111141 T0:11* lip of he (• hassis. spaced to 

avoid the 21.:211 socl:et. ovial socket serves : Ls 
the pmver -supply eunneciur .11, : 11111 the eliange-
/n-er relay is centered lot ‘voi.ti this socl:et :nut 
the nearg:st coa.xial connpf•tor. 

Testing 

'I'llv unit will operate from any supply deliver-
ing 31111 ti> 11111 volts at 125 ma, gir more 

\\lib. the 21...211 might lw used :is a cloul,1,1. il 

necessary, straight-through ( per Ilion is recom-
mended. ( 'rystals in the NO-meter hand will pro-

vide adequate drive for the final on all hands up 
to and ineluding the I 1-:\ le. hand. Crystals in 
t he 7-N1c. hand are needed for 21- and 2N-Nle. 
output. Coils should be selected from the coil 

Mi - 0-1 d.c. milliammeter, 21/4 -in. ( Triplett 227-T). 
RI - 10.times shunt for Mi ( 6.1 ohms for 55-ohm meter.) 
R.., Ri- 100-times shunt for Mi. (0.5 ohm for 55-ohm 

meter.) 
Si - D.p.d.t. rotary switch (Centralab PA- 1002). 
S2-S.p.s.t. toggle switch. 

3- position rotary switch (Centralab PA-
1003). 

Ti - Driver transformer, 2.5:1 primary to 1/2  secondary 
(Merit A-2920). 

T2- 10-watt modulation transformer ( Merit A-3008). 

table to suit flu. Immil desired. 

The oscillator is adjusted ‘‘ it 11 Si in the tune 
position. and the 1110 er s‘‘ it eh turned to re:u1 
a mid j grid (I mtt t. ¡di i‘‘ pt. supplied. C.2 

J, 

Table of Coil Dimensions 

/ with Wire. nit. II' 10,1 u 
0,10,1 Turn, In. I n. Sise. 

SO 29 11 I - 21 30111 832 

111 8.3 28 21 3008 532 

20 2.0 III 211 300; 518 

IS 1/.9 20 30117 .5111 

10 - 0.5 ti 21/ 3007 Sill 

SO :12 SO I 

111 s 11 

20 3.5 20 

15 1.9 Iii 

10 1.1 12 

/.2 

21 31112 1132 

21..2 20 31111 o1111 -

1,,' 21) 3011 

IS 3010 1105 

11,4 I S 3010 11115 

1, - 3 torus No. 211, Idnell dioni., is 'owl, 10/12. 021 -7 2701111 ,1 

end of I. :{015. 1i16 lor 80, 10 : 0.1 211 looters; 

2 , inalar torn, for 15 and 10 roi•tt 

ANT. 

RECVR 
INPUT 
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Fig. 19-16—Bottom view of the 20-watt 
mobile transmitter. The driver transformer is 
placed between the two audio-tube sockets. 
Along the front lip of the chassis, from left to 
right, are the microphone jack, meter switch, 
filament switch S2, tune-up switch Si, oscillator 
tank capacitor C2 and the crystal socket. C2 if 
spaced back of the panel, and mounted behind 
the 5763 socket. Li is soldered across the 
terminals of the capacitor. All power and con-

trol wiring is done with shielded wire. 

should be adjust et I for maximum grid current. 
The tuning should be ehecked with a wave-meter 
to make sure that the oscillator output circuit is 
tuned to the desired frequency. Then C1 should 
be adjusted for maximum grid current. The read-
ing should be at least 3 or 4 ma. 
A pair of G.E. type 1820, 28-volt, 1-amp, 

miniature lamps connected in series makes a good 
f tummy load for testing the final. With St thrown 
to the operate position, the meter switched to 
ruad 2E26 plate current, and power applied, 
adjust 1'3 for a dip in plate current. Check the 
fret ¡limey with a wavemeter ci Oil to the out-
put, tan k. Then adj ust Ott il the mots. reads 
50 nia. Retune 1'3 for the plate-eurrent dip. It 
MMy take a lit t le juggling back and forth between 
C3 ;old r4 before an adjustment is reached where 
the noter reads 50 ma. at the plate-current dip. 
Tiu• load lamps will not light to full brilliance, 
but it should t . ssilfle to determine the adjust-
ment that civf.s maximum output. 11'ith the 
amplifier fully I, faded, the grid current should 
still remain at 3 to 4 ma. 
The meter should now be turned to read 

modulator plate current. Without voice, the 
meter should read about 10 ma. When speaking 
hit') the microphone, a kick of the meter reading 
up to -10 or 50 ma. On peaks should indicate I(X) 
per rent modulation. The r.f. amplifier plate 
eurrent should remain essentially steady under 
nvidulation, but the lamps in the dummy load 
should sh, fw some increase in brilliance. 

Adjustment when an antenna is substituted 
for the dummy load should be done in a similar 
manner. The antenna must, of course, be checked 
for resonance in advance with a g.d.o. or by other 
¡mutts. (Originally described in (1ST, Jan., 1957). 
(For a description of a ban(lswitching mobile 
transmitter with v.f.o., see (281', August and 
Sept., 1957). 

Fig. 19-17—Interior view of the single-bond mobile 
transmitter. The output components are separated from 
the other components by an L-shaped aluminum parti-
tion which measures 41/2 inches along the front and 
4 inches along the side. It is 21/4  inches high with 1/2 -inch 
lips along the bottom edges for fastening to the chassis. 
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Mobile Transmitters for 50 and 144 Mc. 

Figs. 19-18 through 19-2:; show eircuhs and 
constructional details of compaet transmitters 
covering the 6- am! 2-meter halals. The units 
are only 3 inches deep and therefore are si rital  
for under-the-dash mounting. 
Output on 50- Mc. is obtained by using erys-

fills in the 50-Me. range. This eliminates ally 
necessity for multiplier stages and greatly sim-
plifies the eirettit. In the two-meter unit, a 
48-Me. erystal is used %%lie!' is multiplied to 
144 by a tripler stage. 

Although the r.f, amplifier used in the trans-
mitters will operate at higlwr voltages, the units 
are designed primarily to work . from a 300-
volt, 100-ma. supply. A transistor modulator 
can be used with the units with a saving in 
total current drain. 

The 50-Mc. Unit 

The circuit of the 50-Me, transmitter is shown 
in Fig. 19-20. A 5763 (6117 » hen using 12-volt 
heaters) is triode-connected in an overtone-
typ)' crystal oscillator. Feedback winding L2 
helps to susittin 3rd-overtone oscillation and 
may require some slight adjustment for opti-
mum output in its placement with respect to LI. 
The 50-Me. signal from the oscillator is eapari-
tively ecrupled ti t u. grid of the 2126 (6893 
when using 12-volt heaters) amplifier. A jack 

On the rear of the transmit ter allows the grid 
current to be measure)l. 

Fig. 19-18—View of the 50-Mc, transmitter showing the 
r.f, amplifier tank circuits and outwit loading control. 
C:i is on thé kip right of the *panel with C.:2 Kist below it. 
Output indiCator h is below C. This vie/ also shows the 
two antenna connectors, power plug and grid current 

jack which are mounted on the rear surface. 

Fig. 19- 19—The 50 Mc. mobile transmitter is built into 
a 7 X 5 X 3-inch aluminum Minibox (Bud CU-3008). 
Oscillator coil 1112 is near the top left. The jack on the 
right rear panel is the grid-current meter jack. One-inch 
holes are punched in both halves of the Minibox for 
ventilation. Perforated hole plugs can be used for neater 
appearance. In actual use, the transmitter would sit with 
the tubes horizontal. The half of the box at left is mounted 
under the car dash so that the transmitter half can be 

easily pulled in and out of position 
for servicing or adjustment. 

The amplifier plate tank eircuit, C2L3, is 
tuned to resolittore by variable eapacitor r2. 

The 144-Mc. Unit 

The 114-Nle, eircuit is shown in Fig. 19-22. 
l'he oscillator is similar to the one used ill the 
50.-"Ale. transmitter. The 48-Mc, signal from the 
(evillator is capacitively eoupled to the pentotle 
111111111 1Ilier whirl' is OPernt its a fmilIn'IlrY 
tripler. From the triplet., the signal is inductively 
vottpled to the grid of the r.f. amplifier. Shire 
this stage contains a fixed raoarilor, it is tuned 
by " pinehing" or " spreading" the turns of L4. 
As in the 50-Alc. unit, provision is made for 
meastning grid current (jack J1). 

Tite amplifier tank eircitit in the 144-Mc. 
model is series tuned. Output coupling is through 
a single-tiwn link, L6. NeiltraliZatiOn is refilling' 

in this unit: the neutralizing eaptwitor (.onsists 
of a 2I 2-inch length () I' Xo. 12 wire with one 
end conn,.cted to pill 5 'out roi grid) of the 
amplifier tube, and with tlii. other end run up 
beside the amplifier tube after passing through 
the ehassis (see the photograph in Fig. 19-21). 
A pi)')'(' of spaghetti is used to insulate the neu-
tralizing wire from the l'11:1:,SiS. 

Construction 

A 7 X 5 X 3-ir e-Il Minibox is used as the 
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6- and 2-Meter Mobile Transmitters 

+300V. 4300V. SW MIC GND. 4HTR. 

Fig. 19-20—Schematic diagram of the 50-Mc, mobile 
in µµf., resistances ore in ohms, resistors 

CI — 35-/cµf. midget variable capacitor (Hammarlund 
MAPC-35-8). 

Ca- 15-'4d. midget variable capacitor (Hammarlund 
HF-15). 

Ca-50-Auf. midget variable capacitor (Hammarlund 
MAPC-50-8). 

CI—Coupling capacitor for output indicator (see text). 
Ki— Midget antenna relay s.p.d.t. (Advance AM 2C - 

12VD. Note: the last four figures in the number 
indicate the coil voltage. For 6 volts d.c. it should 
read 6VD). 

1: —3 turns No. 20, Winch dia., 3i6 inches long (8 & 
W 3006). 

L2-2 turn link No. 20 insulated wire, close wound over 
cold end of Li. 

chassis for the transmitters. A single braeket 
supports the tubes and tesociated parts. The 
braeket has a single bend and is fastened to the 
Minibox with machine screws. 
The ti- and 2-meter transmitters am almost 

it mechanically. The only real diffowiwc 
between the two is that the 2-meter model has 
an additional multiplier tube. mounted in line 
with the oseillator tube on the bracket. 

All lure should be mounted before wiring is 
begun. Since both ends of the chassis are open, 
wiring ;111(1 mounting ot parts is a simple job. 
The photographs show the relative position of 
most of the components. Try to keep r.f. leads 
as short as possilde. The relay, antenna con-
nectors, power plug and grid ci mnt jack are 
all mounted on the rear panel. 
The output indicator h is coupled to the final 

tank circuit through capacitor C4. This capac-

Fig. 19-21—The 144 Mc. transmitter with the r.f. ampli-
fier tube removed to show the neutralizing lead ON:. 
Except for the 613J6 multiplier tube in the foreground, 
the some bask layout is used here as in the 50-Mc. unit. 

MOD. 

transmitter. Unless otherwise indicated, capacitances are 
are 1/2 watt uetless specified otherwise. 

L3 — 4 turns No. 16, 1- inch dia, 1-inch long (B & W 3013) 
Li-2 turn link No. 20 insulated wire, close-wound over 

cold end of La. 

—Neon bulb (NE-2). 
11 — Circuit closing jack. 
12-3 conductor mike jack. 
13, 14—Automobile type antenna connectors. 
RFCI, RFC2—Single-layer v.h.f. choke, 2 to 7 huh. (Ohmite 

Z-50 or Nationa! R-60). 
Si — S.p.s.t. slide switch. 
V1-5763 for 6 volts, 6417 for 12 volts. 
V2-2E26 for 6 volts, 5893 for 12 volts. 
Vi—SO-Mc. 3rd overtone crystal (International Crystal 

Co. type FA-9). 

itor is actually a few turns of hook-up wire 
wound over a piece of instdated wire that is 
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OS C. 

6C4 
MU LT. 

68J6 
48 MC 144 MC. 

AMP 

+300V. +300y SW mic. 
MOD 

3 

RFC. 

22K 

Fig. 19-22—Schematic diagram of the 144-Mc. mobile transmitter. Unless 
indicated, capacitances are in µµf., resistances are in ohms, resistors 

are 1/2  watt unless specified otherwise. 

C1-35-muf. midget variable capacitor (Hammarlund 
MAPC-35-8). 

C2- 15-µµf. midget variable capacitor (Hammarlund 
HF-15). 

C3-50-µ0. midget variable capacitor (Hammarlund 
MAPC-50-11). 

Cl— Coupling capacitor for output indicator (see text). 
C,,—Neutralizing capacitor (see text) 
Ki —Midget antenna relay s.p.d.t. (Advance AM 2C . - 

12VD. Note: the last four figures in the number 
indicate the coil voltage. For 6 volts it should 
read 6VD.) 

14-4 turns No. 20, % inch diam., 316 inches long (B & W 
3006). 

L2-2 turn link No. 20 insulated wire, close wound over 
cold end of Li. 

13-1 turn No. 20 insulated wire 1/2 -inch diam. 
L4-2 turns No. 20 insulated wire 1/2 -inch diam. 

conneeted to the final tank circuit. If the lamp 
fails to ignite, a few mitre turns may be needed. 

Testing Notes 

An :Le. power supply delivering 300 volts at 
100 nia. can be used ( luring testing of the trans-
mitter. Ileater-eurrent requirements for the 
50-Me. unit are 1.55 ampere for 6-volt opera-
tion and 0.775 ampere for 12 volts. The 1-14-Me. 
unit requires 1.1 ampere at 6 volts and 0.55 
ampere at 12 volts. Do not eonneet the plate 
supply to the r.f. amplifier power terminal 
(marked " 300 mod." in ti w cirvisit diagram) at 
this time. The correct crystal ami a dummy 
load should be kept on hand for the test. 
To test the driver stage, plug a grid-current 

meter (0-5 ma.) in ./1, and apply heater voltage. 
Plug in the proper erystal and turn on the plate 
voltage (exciter stages only). As quickly as pos-
sible adjust capacitor CI until the oscillator goes 
into oscillation. This will he indicated by a 
downward kick in the plate current. Grid cur-
rent should begin to show when oscillation occurs. 
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14414C 

3RCVR. 1>  

J4 ANT. 

  3 
[SEE 1 
'DIAGRAM 
I BELOW FOR' 
'HEATER 
'CONNECTIONS 

2 

0 
ONO. 4HTR. 

4 - - - J 
2 2 

6 VOLT 12 VOLT 

4-3 turns No. 16, 1-inch diem., % inches long, center 
tapped (B & W 3013). 

1.r.-1 turn link No. 20 insulated wire wound in the center 
of L5. 

II—Neon bulb (NE- 2). 

ii—Circuit closing jack. 

h-3 conductor mike jack. 

13.14—Automobile type antenna connector. 

RFC', RFC2—Single-layer v.h.f. choke, 2 to 7 
Z-50 or National R-60). 

—S.p.s.t. slide switch. 
Vi — 6C4. 
V2-66.16. 

Va —2E26 for 6 volts, 5893 for 12 volts. 

Y1-48 Mc. 3rd overtone crystal. Crystal frequency 
found by dividing desired output frequency 
by 3 (International Crystal Co. type FA-9). 

In the 14-1- Mr. unil. adjust for maximum grid 
current by " pinch-tuning" L3, L4 011(4. oscillatioii 
has liegun. Adjust CI for maximum grid current. 
If there is diffieulty in obtaining grid drive, try 
adjusting the position of L2 with respect to Lt. 
In the 2-meter model, sonie rearrangement ()I 
L3 and /1,4 may be needed in order to aeltieve 
maximum grid drive. 

Before testing the 144-Mr, amplifier it will be 
necessary to neutralize it. With power applied 
to the exciter portion, slowly rotate the output 
tuning control r2 through its full range. If the 
amplifier is traalllied, there will lie no fluetua-
tion in the grid current. If there is sue- I: a fluc-
tuation, adjust the neutralizing wire to a new 
position with respect to tie' amplifier tube and 
swing the Idate-tuning emit rol again. Repeat 
until the grid current remains steady, showing 
that the amplifier is neutralized. 
Connect a dummy load to the output antenna 

connector, close the antenna relay and apply 
plate power to the entire transmitter. As quickly 
as possible, tune C2 for minimum plate current. 

(Ohmite 



Mobile Modulators 

Fig. I 9-23—View of the 144-Mc. transmitter. 
The coil and link near the top left rear are 

Li i. In the foreground are coils LAI. 

It is necessary to perform this opera-
tion rapidly beeause the amplifier may 
draw excessive plate current when not 
It to resonance. When tuned to 
resonance, the output indicator bulb 

will light. This r.f. indicator is not 
only a tuning aid in the ear but also 
:lets as a continuous monitor to show 
that the transmitter is in operation. 
Capacitor r3 is the loading control and should 
Is' adjusted for maximum plate current after the 
amplifier is resonated. 
A microphone jack .12 is included on the trans-

mitter chassis to simplify the control circuits. 
Leads from the microphone (marked "sw" and 
"mie" in the diagram) go to the power con-
neetor at the rear of the transmitter. 

Mobile Modulators 
VartIUM-t ITIOI Ii I latOrs for mobile opera-

tion are in general similar to those used in fixed-
station installations. Equipment shown in the 
s(s•tion on modulators may be modified for use 
with almost any mobile transmitter. As in fixed 

SPEECH AMP 
I2AX 7 

station work, the mobile modulator must he 
capable of supplying to the plate modulated 
r.f, stage sine-wave audio power equal to 50 per 
cent of the d.c. plate input for 100 iwreent mod-
ulation. 

DRIVER 
6N7 

MODULATOR 

657 

CARBON MICROPHONE 
SPEECH AMPLIFIER 

Fig. 19-24— Circuit diagram of the mobile modu-

lator. Resistors are 1/2  watt unless otherwise 
specified. Capacitors other than electrolytic may 

be either paper or ceramic. If a carbon micro-
phone is used, substitute the carbon microphone 

speech amplifier circuit, at points marked "X", 
in the upper part of the diagram. 

TT— Driver transformer: parallel 6N7 to class B 
6N7 grids. 

T2— Modulation transformer, tapped secondary, 
primary 10,000 ohms plate to plate. 
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• A 10-WATT MOBILE MODULATOR 
Fig. 19-24 shows a modulator that can be used 

with any mobile a.m. transmitter whose input 
does not exeeed 20 to 25 watts. A resistanee-
cimpled sly.ech amplifier using a single 121X7 
rives ( lass A 6N 7 which in turn drives a Class 

It 6N7. The tiN7 tos:.s the two triode seetions in 
parallel, to obtain sulli:.ient driving power. 

Also shown in Hg. 1!1-24 an the changes in the 
speevh-amplifier circuit necessary to adapt it 
for use with a carbon microphone. P.c. voltage 
for the carbon microphone is obtained by con-
necting the microphone in series with the speech-
amplifier eathodes. 
Thu modulator requires 309 volts at about 90 

ma, for plate power. and 6 volts at 1.9 amperes 
or 12 volts at .95 amperes for th.. heaters. Heater 
connections are given for both vultag..s. The plate 

supply should use a large capacitance ( 100 µ1. 
or more) in the outtoot, to serve as a reservoir 
for the heavy peak-current demands. 
The main eonstruetional preeaution to he ob-

served when building the modulator is that the 
output transformer 1%, should loot be mounted 
too elose to the speedo amplifier eircuits. Separa-
tion will reduce the (quince of feedback through 
stray vomiting. A tulw shield over titi I2AX7 will 
serve to hobl it in the socket over bumpy roads: 
g000l octal s'ickets will normally need no tube 
clamps to retain the 6N7s. 

Ito any mobile installation, the modulator may 
be s.paritteg I from t r. f. assembly by an:e 
convenient distanee. The cable connecting the 
modulator to the r.f. section should ho made 
with inilividually shielded hails. 

e A 25-WATT TRANSISTOR MODULATOR 
Figs. 19-25 through 19-27 show a emoudete 

transistor modulator that obtains its power di-
rectly front the automobile's 12-volt storage bat-
tery. It requires only a fraetion of tloe space re-
quired by it comparable varuum-tube unit, and 
it allows fooll tose of the high-voltage power supply 
for the r.f. section. 
The unit is based on a design orignally pub-

lished by Deli.° Radio I: it is a 12-volt, 25-watt 
Class B modulator. Among the advantages of a 
modulator of this type are the comliaetni.ss (25 

watts of audio in approximately 90 ruble ineh('s), 
high over-all ellicieney, no warm-up time, and 
low idling eurrent when not modulating. It. will 
modulate an ri stage input of between 45 and 
59 watts, at an impedance level of 4000 ohms 
with the output transformer listed (about 450 
volts and 110 ma.). Suitable 12-volt heater tubes 
for the modulated output stage include the 1625 

Transistor Anal,' ation NIA. 6-B, Deleo Radio Division, 
General Motor, Corp, Kokomo, Indiana. 

Fig. 19-25—A 3 X 4 X 5-inch utility box is sufficient to house the modulation transformer 
and all of the smaller components of the 25-watt transistor modulator. 
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Transistor Modulator 

TO CLASS C 
LOAO 

N V. 

Fig. 19-26—Circuit of the 25-watt transistor modulator. Resistances are in ohms. Capacitors are electrolytic. 

MKI —Single-button carbon microphone. 
Qi, 02-2N190 (GE) or 2N109 (RCA). 
G3, G —DS-501 (Delco). 
RI — 100-ohm 2-watt potentiometer. 
Ti — 150 ohms ca. (c.t, not used) to 490 ohms c.t. (Thor-

darson TR-5). 

(similar to 807) and the 6883 (similar to the 
6146). The exciter portion of the transmitter can 
be made up of 6417s (similar to the 5763) or 
of 12V6-GTs or 121,6-GTs ( 12-volt-heater versions 
of the 6V6 and 6L6). Maximum economy will 
be obtained with a transistorized power supply, 
similar to the unit described later in this chapter. 

Construction 

The unit is constructed on a 4 X 5 X 3-inch 
utility box on which a Vs-inch aluminum cover 
5 X 6 inches is substituted. This provides a 2-inch 
overhang on one edge for mounting the power 
transistors, and it also serves as a heat sink. Two 
transformers, plus gain control and mike jack, 
are also mounted on the cover (see Fig. 19-27). 

For a modulation transformer the unit uses 
a 6.3-volt filament transformer turned backwards; 
that is, with the 6.3-volt 3-ampere winding to-
ward the collectors. This transformer is mounted 
inside the utility box. Ample room is left for 
the input transformers, resistors and capacitors. 
It was found necessary to add an input filter on 
the 12-volt line to prevent hash from getting 
into the microphone circuit and adding noise. 
To obtain a true center tap for the driver 

transformer, a transformer having taps at 4 and 
16 ohms is used. Since the impedance varies as 
the square of the turns ratio, the 4-ohm tap pro-
vides a center tap. 

Transistor Moun ting 

Because the collector connection is common 
with the ease of the transistor, mica spacers must 
he used betwten the trat ini t,er eases and ground. 
(Insulator package No. 1221264). These can be 
obtained in a special mounting kit from Delco 
distributors. 

L-400 ohms c.t. to 16 ohms, c.t. ( see text), Stancor 
TA- 41). 

I-6.3- volt c.t., 3- amp, filament transformer used as 
modulation transformer ( see text) (Stancor 
P-5014). 

A four-lug terminal box is located on top of 
the utility box to provide for the 12-volt and out-
put connect iot is of the modulator. Although wir-
ing of the unit may appear difficult, it becomes a 
relatively simple job if the internal wiring is 
done separately, before putting on the front 
cover. 
Be careful to apply as little heat as possible 

when soldering any transistor connections. Either 
G.E. 2N190 or RCA 2N109 can be used for the 
input transistors. Although several other types 
could he used for the output transistors, the speci-
fied DS-501 should be easier to obtain than some 
since it is sold as a replacement in car-radio 
service. 

It is not likely that a 0.1-ohm 1-watt resistor 
(see Fig. 19-26) can be purchased at any radio 
store. A satisfactory substitute is to wind a suit-
able length of resistance wire over a 2-watt re-
sistor used as a form, or three 0.33-ohm 3-watt 
resistors can be wired in parallel to obtain a value 
sufficiently close. 

Testing 

After wiring and construction of the unit is 
completed, testing for proper operation can be 
done in several ways. ( hie method is simply to 
connect a 4000-ohm 10-watt resistor across the 
modulation transformer output connections and 
then place a d.c. ammeter in series with the 12-
volt line, and watch the current variation while 
talking into the microphone. The idling current 
should be around 700 ma., kicking up to above 2 
amperes on peaks. Do not, tinder any circum-
stanceS, trY to °p.m to Ili, unit without à load of 
some sort on the output terminals ah this may 
damage the output transistters. 
Another method of testing is to place another 
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• 

Fig. 19-27—The front cover of the modulator unit serves as a heat sink. The driver trans-
former and microphone jack are at the bottom, the microphone transformer and potentiometer 

control at the center, and the two power transistors at the top. 

6.3-volt filament l ransformer hark-to-back with 
the modulation transformer, to bring the im-
pedance down to a low level, and then connect a 
p.m. speaker to the 6.3-volt winding. 

A 'scope test can be made after the unit is 
connected to the transmitter. The Class (1 load 
level can be adjusted for impedance matching. 
An Fl carbon microphone is suitable for use 

with titis unit. Although not shown in Fig. 19-26, 
the milt $110111d Is' e01111Vrtell 80 that it is turned 
on only while the transmit-reeeive switch is in 
the transmit position. An inexpenisve 12-volt 
automobile-horn relay (e.g.. Echlin HR 101), 
available at most filling stations or automobile 
parts distributors, should he used to close and 
open the circuit. The relay arm and contact 
should be emir meted ill the + 12.6-volt lead from 
the battery and fuse. If excessive sparking is 
noted at the relay contacts it may be reduced by 
moving the 50-mf. 25-volt capacitor to the fuse 
side of the relay contacting circuit. 

Co/meriting plarement of the unit in the ear: 
Try to find a location away from high-tempera-
ture spots and in a well-ventilated area. The 
trunk is not recommended since there is little 
ventilation: this area can Imeome quite hot in 
the summertime and damage to the transistors 
could result. The engine eompart mew makes a 
eonvenient place to mount the unit hut titis spare 
is not adequately ventilated exeept possibly 
while the ear is in motion. The most favorable 
spot is on the fire wall in the passenger eompart-
ment, or under the front seat. These areas are 
usually well ventilated, or at least cooler than 
any other enclosed section of the car. As in any 
mobile installation where the modulator is some 
distance from the r. f. seetion, the at olio lt'at Is 
from the secondary of the modulation trans-
former to the modulated r, f. stage should be 
made with individually-shielded leads. 

(Original description apixured in ()ST for 
November, 1959.) 

The Mobile Antenna 
For mobile operathm in the rango Is.twel'll 1 .s 

and 30 Me., the vertical whip antenna is almost 
universally used. Since longer whips present 
meehanical difficulties, the length is usually litn-
ited to a dimension that will resonate as a quarter-
wave antenna in the 10-meter band. The car body 
serves as the ground connection. This antenna 
length is approximately 8 feet. 

With the whip length adjusted to resonance in 
the 10-meter band, the impedance at the feed 

point, X, Fig. 19-28, will almear as a pure re-
sistance at the resonant frequeney. This resist-
amp will be composed almost. dit itely of rat I iatioil 
resist:owe (see index), and the efficieney will he 
high. However, at frequetwies lower than the 
resonant frequency, the antenna will show an 
increasingly large capacitive ream:owe and a 
decreasingly small rat hat ion resistance. 
The equivalent circuit is shown in Fig. 19-29. 

For the average 8-ft. whip, the reactance of the 
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Mobile Antenna 

Fig. I 9-28—The quarterwave 
whip at resonance will show a 

pure resistance at the 
feed point X. 

capacitance, CA, may range from about 150 ohms 
at 21 Mc. to as high as 8000 ohms at 1.8 Mc., 
while the radiation resistance, RR, varies from 
about 15 ohms at 21 Mc. to as low as 0.1 ohm at 
1.8 Mc. Since the resistance is low, considerable 
current must flow in the circuit if any appreciable 
power is to be dissipated as radiation in the re-
sistance. Yet it is apparent that little current 
can be made to flow in the circuit so long as the 
comparatively high series reactance remains. 

Fig. 19-29—At frequencies below the resonant fre-
quency, the whip antenna will show capacitive reactance 

as well as resistance. Rit is the radiation resistance, and 
C% represents the capacitive reactance. 

Eliminating Reactance 

The capacitive reactance can be canceled out 
by connecting an equivalent inductive reactance, 
LL, in series, as shown in Fig. 19-30, thus tuning 
the system to resonance. 

Fig. 19-30—The capacitive 
reactance at frequencies lower 
than the resonant frequency 
of the whip can be canceled 
out by adding an equivalent 
inductive reactance in the form 
of a loading coil in series with 

the antenna. 

47 

Unfortunately, all coils have resistance, asid 
this resistance will be added in series, as indi-
cated at Rc in Fig. 19-31. While a large coil may 
radiate some energy, thus adding to the radiation 
resistance, the latter will usually be to •gligible 

CA L, 
Sc R, 

Fig. 19-31—Equivalent circuit of a loaded whip antenna. 
CA represents the capacitive reactance of the antenna, 
LL an equivalent inductive reactance. Rc is the loading-
coil resistance, Ra the ground-loss resistance, and Xis 

the radiation resistance. 

compared to the loss resistance introduced. How-
ever, adding the coil makes it possible to feed 
power to the circuit. 

Ground Loss 

Another element in the circuit dissipating 
power is the ground-loss resistance. Fundamen-
tally, this is related to the nature of the soil in 
the area under the antenna. Little information 
is available on the values of resistance to be 
expected in practice, but some measurements 
have shown that it may amount to as much as 
10 or 12 ohms at 4 Mc. At the lower frequencies, 
it may constitute the major resistance in the 
circuit. 

Fig. 19-31 shows the circuit including all of the 
elements mentioned above. Assuming CA lossless 
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ANTENNA CAPACITANCE 

Fig. 19- 32-- Graph showing the approximate capaci-
tance of short vertical antennas for various diameters 
and lengths, at 3.9 Mc. These values should be approxi-

mately halved for a center-loaded antenna. 

and the loss resistance of the coil to be represented 
by Re, it is seen that the power output of the 
transmitter is divided among three resistances — 
/?c, the coil resistance; Re, the ground-loss re-
sistance; and RR, the radiation resistance. Only 
the power dissipated in RR is radiated. The power 
developed in /?c and RO is dissipated in heat. 
Therefore, it is important that the latter two 
resistances be minimized. 

e MINIMIZING LOSSES 

There is little that can be done about the 
nature of the soil. However, poor electrical con-
tact between large surfaces of the car body, and 
especially between the point where the feed line 
is grounded and the rest of the body, can add 
materially to the ground-loss resistance. For 
example, the feed line, which should be grounded 
as close to the base of the antenna as possible, 
may be connected to the bumper, while the 
bumper may have poor contact with the rest of 
the body because of rust or paint. 

Loading Coils 

The accompanying tables show the approxi-
mate loading-coil inductance required for the 
various bands. The graph of Fig. 19-32 shows the 
approximate capacitance of whip antennas of 
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TABLE 19-1 

Approximate Values for 8-ft Mobile Whip 

Base Loading 

fie. 
Loading 
Le. 

Re (Q50) 
Ohms 

Re (Q300) 
Ohms 

RR 
Ohms 

Feed R* 
Ohms 

Matching 
Lo, * 

1800 345 77 13 0.1 23 3 

3800 77 37 6.1 0.35 16 1.2 

7200 20 18 3 1.35 15 0.6 

14,200 4.5 7.7 1.3 5.7 

14.8 

12 0.28 

21,250 1.25 3.4 0.5 16 0.28 

29,000 .... .... . 36 0.23 

Center Loading 

1800 700 158 23 0.2 34 3.7 

3800 150 72 12 

6 

0.8 22 1.4 

7200 40 36 3 19 0.7 

14,200 8.6 15 2.5 11 19 0.35 

21,250 2.5 6.6 1.1 27 29 0.29 

Re = I 
* Assn: 

resistance. 
Sugges 

following 

oading-coil resistance; Rit = Radiation resistance. 
ling loading coil Q = 3(8), and neluding estimated ground-loss 

eil coil dimensions for the required loading inductances are shown in a 
table. 

various average diameters and lengths. For 1.8, 
4 and 7 Mc., the loading-coil inductance required 
(when the loading coil is at the base) will be ap-
proximately the inductance requited to resonate 
in the desired band milli the whip capaeitance 
taken from the graph. For 14 and 21 Me., this 
rough calculation will give more than the re-
quired inductance, but it will serve as a starting 
point for final experimental adjustment that 
must always be made. 

Also shown in table 19-1 are approximati 
values of radiation resistance to be expected 
with an 8-ft. whip, and the resistances of loading 
coils - one group having a Q of 50, the other 
a Q of 300. A comparison of radiation and coil 
resistances %%ill show the importance of reducing 
the coil resistance to :1 minimum, especially on 
the three lower-freqtic•r ivy bands. 
To minimize loading-coil loss, the coil should 

have a high ratio of reactance to resistance, i.e., 
high Q. A 4-Mc, loading coil wound with small 
wire on a small-diameter solid form of poor qual-
ity, and enclosed in a metal protector, may have 
a Q as low as 50, with a resistance of 50 ohms or 
more. lligh-Q coils require a large conductor, 
"air-wound" construction, turns spaced, the 
best insulating material available, a diameter 
not less than half the length of the coil (not 
always mechanically feasible), and a minimum 
of metal in the field. Such a coil for 4 Mc. may 
show a Q of 300 or more, with a resistance of 
12 ohms or less. This reduction in loading-coil 
resistance may be equivalent to increasing the 

transmitter power by 3 times or more. Most 
low-loss transmitter plug-in roils of the 100-
watt size or larger, commercially produced, show 
a Q of this order. Where larger inductance values 
are required, lengths of low-loss space-wound 
coils are available. 

TABLE 19- II 

Suggested Loading-Coil Dimensions 

Reg'd Wire Diam. Length Form or 

LA. Turno Size In, In. 8 tt IV Type 

700 190 22 3 10 Polystyrene 

345 135 18 3 10 Polystyrene 

150 100 16 2% 10 Polystyrene 

77 75 14 2% 10 Polystyrene 

77 29 12 5 43/. 160T 

40 28 16 2% 2 808 less 7 t. 

40 34 12 2% 4% 80T 

20 17 16 2% lkf, 808 less 18 t. 

20 22 12 2% 2% 80T less 12 t. 

8.8 16 14 2 2 40B less 4 t. 

8.6 15 12 2% 3 40T less 5 t. 

4.5 10 14 2 1% 4011 less 10 t. 

4.5 12 12 2% 4 40T 

2.5 8 12 2 2 131.3 

2.6 8 6 2% 4% 1ST 
---

8 1% 2 10B 1.25 12 
1.85 8 6 2% ei 10T 
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Center Loading 

The radiation resistance of the whip can be 
approximately doubled by placing the loading 
coil at the center of the whip, rather than at the 
base, as shown in Fig. 19-33. (The optimum posi-
tion varies with ground resistance. The center is 
optimum for average ground resistance.) How-
ever, the inductance of the loading coil must be 

Fig. 19-33—Placing the load-
ing coil at the center of the 
whip antenna, instead of at 
the base, increases the radia-
tion resistance, although a 

larger coil must be used. 

approximately doubled over the value required 
at the base to tune the system to resonance. For a 
coil of the same Q, the coil resistance will also be 
doubled. But, even if this is the ease, renter 
loading represents a gain in antenna effiriency, 
especially at the lower frequen(ies. This is because 
the ground-loss resistance remains the same, and 
the increased radiation resistance becomes a 
larger portion of the total circuit resistance, even 
though the coil resistance also increases. How-
ever, as turns are added to a loading coil (other 
factors being equal) the inductance (and there-
fore the reactance) increases at a greater rate than 
the resistance, and the larger coil will usually 
have a higher Q. 

Top Loading Capacitance 

Since the coil resistance varies with the induct-
anee of the loading coil, the coil resistance can 
be reduced by reducing the number of turns. 
This can be done, while still maintaining reso-
nance, by ad ling capaeilance to the portion of 
the antenna above t he mil. This capacitance can 
be provided by attaching a capacitive surface 
as high up on the antenna as is mechanically 
feasible. Capacitive " hats," as they are usually 
called, may consist of a light-weight metal ball, 
cylinder, disk, or wheel structure as shown in 
Fig. 19-34. This should be added to the capaci-
tance of the whip above the loading coil (from 
Fig. 19-32) in determining the approximate in-
ductance of the loading coil. 
When center loading is used, the amount of 

capaeitance to be added to permit the use of the 
same loading inductance required for base loading 
is not great, and should be seriously considered, 
since the total gain made by moving the coil to 
the center of the antenna may be quite marked. 

Tuning the Band 

Especially at the lower frequencies, where the 
resistance in the circuit is low compared to the 
coil reactance, the antenna will represent a very 

Fig. 19-34—The top-loaded 4-Mc, antenna designed by 
W6SCX. The loading coil is a B & W transmitting coil. 
The coil can be tuned by the variable link which is con-

nected in series with the two halves of the coil. 

high-Q circuit, making it necessary to retune for 
relatively small changes in frequency. While 
many methods have been devised for tuning the 
whip over a band, one of the simplest is shown in 
Fig. 19-35. In this case, a standard B & W 
plug-in coil is used as the loading coil. A length 
of large-diameter polystyrene rod is drilled and 
tapped to fit between the upper and lower sec-
tions of the antenna. The assembly also serves 
to clamp a pair of metal brackets on each side 

Fig. 19-35—W8AUN's adjustable capacity hat for tuning 
the whip antenna over a bard. The coil is a B & W type B 
160-meter coil, with a turn or two removed. Spreading 

the rods apart increases the capacitance. This simple top 
loader has sufficient capacitance to permit the use of 
approximately the same loading-coil inductance at the 
center of the antenna as would normally be required 

for base loading. 
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of the polystyrene block that serve both as sup-
port and connections to the loading-coil jack bar. 
A 3/8-inch steel rod, about 15 inches long, is 

brazed to each of two large-diameter washers 
with holes to pass the threaded end of the upper 
section. The rods form a loading capacitance that 
varies as the upper rod is swung away from the 
lower one, the latter being stationary. Enough 
variation in tuning can be obtained to cover the 
80-meter band. (Original description appeared 
in QST, September, 1953.) 

• REMOTE ANTENNA RESONATING 
Fig. 19-36 shows circuits of two remote-control 

resonating systems for mobile antennas. As 
shown, they make use of surplus d.c. motors 
driving a loading coil removed from a surplus 
ARC-5 transmitter. A standard coil and motor 
may be used in either installation at increased 

expense. 
The control circuit shown in Fig. 19-36-A is a 

three-wire system ( the car frame is the fourth 
conductor) with a double-pole double-throw 
switch and a momentary (normally off) single-
pole single-throw switch. 83 is the motor reversing 
switch. The motor runs so long as SI is closed. 
The circuit shown in Fig. 19-3613 uses a latch-

ing relay, in conjunction with microswitches, to 
automatically reverse the motor when the roller 
reaches the end of the coil. 83 and 85 operate 
the relay, Kr, which reverses the motor. 84 is the 
motor on-off switch. When the tuning coil roller 

TUNING 
COIL 

LOADING 
COIL 

rhs—) 

TUNING 
COIL 

TO 
TRANS 

,1 

O-3TO 
BATTERY 

S, 

TO 
BATTERY 

TO 
RANS 

(B) 

Fig. 19-36—Circuits of the remote mobile-whip tuning 
systems. 

Ki—D.p.d.t. latching relay. 
Si, 53, Si, 55— Momentary-contact s.p.s.t., normally open. 
52—D.p.d.t. toggle. 
Sr, 57—S.p.s.t. momentary-contact microswitch, normally 

open. 

reaches one end or the other of the coil, it closes 
86 or 87, as the case may be, operating the relay 
and reversing the motor. 
The procedure in setting up the system is to 

prune the cent er loading coil to resonate the 
antenna on the highest frequency used without 
the base loading coil. Then, the base loading coil 
is used to resonate at the lower frequencies. When 
the circuit shown in Fig. 19-36A is used for con-
trol, 81 is used to start and stop the motor, and 
52, set at the " up" or " down" position, will de-
termine whether the resonant frequency is raised 
or louvered. In the circuit shown in Fig. 19-36B, 
84 is used to control the motor. 83 or 55 is momen-
tarily closed (to activate the latching relay) for 
raising or lowering the resonant frequency. The 
broadcast antenna is used with a wavemeter to 
indicate resonance. 

(Originally described in QST, Dec., 1953.) 
Several companies offer motor tuning for get-

ting optimum performance over a low-frequency 
band. ( For a complete description of the commer-
cially available remotely-tuned systems, see 
Goodman, " Frequency Changing and Mobile 
Antennas," QS7', Dee., 1957.) 

Automatic Mobile Antenna Tuning 

A somewhat inure complex antenna tuning 
system for 75 and 40 meters is one that auto-
matically tunes the antenna as the transmitter 
frequency is shifted. After initial adjustments, 
the radiator is kept in resonance without atten-
tion from the operator. ( For a description of the 
automatic system. see Hargrave, " Automatic 
Mobile Antenna Tiining, QS7'. May, 1955.) 

• FEEDING THE ANTENNA 
It is usually found most convenient to feed 

the whip antenna with coax line. Unless very 
low-Q loading coils are used, the feed-point im-
pedance will always be appreciably lower than 
52 ohms — the characteristic impedance of the 
commonly-used coax line, RG-8/U or RG-58/U. 
Since the length of the transmission line will 
seldom exceed 10 ft., the losses involved will be 
negligible, even at 29 Mc., with a fairly-high s.w.r. 
However, unless a line of this length is made 
reasonably flat, difficulty may be encountered in 
obtaining sufficient coupling with a link to load 
the transmitter output stage. 
One method of obtaining a match is shown in 

Fig. 19-37. A small inductance, LM, is inserted at 
the base of the antenna, the loading-coil induct-
ance being reduced correspondingly to maintain 
resonance. The line is then tapped on the coil at a 
point where the desired loading is obtained. 
Table 19-I shows the approximate induct alley to 
be used between the line tap and ground. It is ad-
visable to make the experimental matching coil 
larger than the value shown, so that there will 
be provision for varying either side of the proper 
position. The matching coil can also be of the 
plug-in type for changing bands. 

Adjustment 

For operation in the bands from 29 to 1.8 Mc., 
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Fig. 19-37—A method of 
matching the loaded whip to 
52-ohm coax cable. Li. is the 
loading coil and LM the 

matching coil. 

the whip should first be resonated at 29 Mc. with 
the matching eoil insert ed, ! tut the line discon-
nected, using a grid-dip oscillator coupled to the 
matching coil. Then the line should be attached, 
and the tap varied to give proper loading, using 
a link at the transmitter end of the line whose 
reactance is approximately 52 ohms at the oper-
ating frequency, tightly coupled to the output 
tank circuit. After the proper position for the tap 
has been found, it may be necessary to readjust 
the antenna length slightly for resonance. This 
can be checked on a field-strength meter several 
feet away from the car. 
The min. e procedure should be followed for each 

of the other bands, first resonating, with the 
g.d.o. coupled to the matching coil, by adjusting 
the loading coil. 

After the position of the matching tap has been 
found, the size of the matching coil can be re-
duced to only that portion between the tap and 
ground, if desired. If turns are removed here, it 
will be necessary to reresonate with the loading 
coil. 

If an entirely flat line is desired, a s.w.r. indi-
cator should be used while adjusting the line tap. 
With a good match, it should not be necessary to 
readjust for resonance after the line tap has been 
set. 

It should be emphasized that the figures shown 
in the table are only approximate and may be 
altered considerably depending on the type of 
car on which the antenna is mounted and the spot 
at which the antenna is placed. 

• ANTENNAS FOR 50 AND 144 MC. 
A Simple Vertical Antenna 

The most convenient type of antenna for 
mobile v.h.f. work is the quarter-wave vertical 
radiator, fed with 50-ohm coaxial line. The an-
tenna, which may be a flexible teleseoping •• fish 
pole," can be mounted in any of several Place's 
on the car. An ideal mounting spot is on top of 
the car, though rear-deck mounting presents a 
better spot for esthetic reasons. Tests have 
shown that with the car in motion there is no 
observable difference in average performance of 
the antennas, regardless of their mounting posi-
tions. There may be more in the way of direc-
tional effects with the rear-deck mount, but the 
over-all advantage of the roof mount is slight. 
A good match may be obtained by feeding 

the simple vertical with 50-ohm line. However, 
it is well to provide some means for tuning the 
system, so that all variables can be taken care 
of. The simplest tuning arrangement >consists of 
a variable capacitor connected between the low 
side of the transmitter coupling coil and ground, 
as shown in Fig. 19-38. This capacitor should 

Fig. 19-38—Method of feeding quarter-wave 
mobile antennas with coaxial line. CI should 
have a maximum capacitance of 75 to 100 µid. 
for 28- and 50-Mc. work. L1 is on adjustable link. 

have a maximum capacitance of 75 to 100 eta. 
for 50 Mc., and should be adjusted for maximum 
loading with the least muffling to the transmitter. 
Some method of varying the coupling to the 
transmitter should be provided. 

Horizontal Polarization 

Horizontally polarized antennas have a con-
siderable advantage over the vertical whip under 
usual conditions of mobile operation. This is 
particularly true when horizontal polarization is 
used at both ends of a line-of-sight circuit, or 
on a longer circuit over reasonably flat terrain. 
An adoitional advantage, especially on 6 meters, 
is a marked reduction in ignition noise from 
neighboring ears as well as from the station car. 

A Horizontally Polarized Two-Band 
Antenna for V.H.F. 

One type of horizontally-polarized antenna, 
called the " halo," is shown in Fig. 19-39. It is 
a dipole bent into a circle, with the ends capaci-
tively loaded to reduce the circumference. 
Since the 50- and 14-1-Mc, bands are almost in 
third harmonic relationship, it is possible to 
build a single halo that will work on both bands. 
The antenna is elect ged from one band to an-
other lw changing the spacing between the end 
loading plates and adjusting the matching 
mechanism. 

Mechanical Details 

The halo is made of ¡G-inch aluminum fuel-
line tubing. This material is both strong and 
very light, but any tubing of about j,-inch 
diameter could be used equally well. The loop is 
67 inches in circumference and the capacitor 
plates are 2U inches square, with the corners 
rounded off. 
To fasten the capacitor plates to the ends of 

the tubing, aluminum rod stock is turned down 
on a lathe to make a tight fit into the ends. This is 
tapped for 6-32 thread, and then forced into the 
tubing ends. Holes are drilled through tithing and 
inserts, at each end of the halo, and a screw run 
through each to keep the inserts from turning 
around or slipping out. The binding-head screws 
that hold the plates to the inserts are equipped 
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with lock washers. The holes for mounting the 
ceramic cone spinier are drilled directly below 
the center, midway I st ween the center and the 
edge of the capacitor plates. 
The halo is set into a slot cut in the vertical 

support. This slot should be just big enough to 
permit the halo to be foreed into it. The balo 
has to be stiffened, so eut it at the center and 
insert about 2 inches of aluminum rod, again 
turned down on a lathe to fit tightly inside the 
tul hug. The two pieces of tubing are t hen pushed 
together, over the insert, and drillett each side of 
center to pass 6- -32 screws. The halo and insert 
are also drilled at the midpoint, to pass the 
mounting screw. Titis is an 8-32 screw, ILI' 
incites long. If lathe facilities are not available, 
the mounting of the capacitor plates and the 
securing of the halo to the vertical support can 
be handled with angle brackets. 

Mechanical stability is important so straps 
of aluminum 34 inch wide are wrapped around 
the halo either side of the mounting post. These 
are bent at right angles and the ends pulled 
together with a bolt. 
The matching aria is 143(, inches long, of the 

same material as the halo itself. It is mounted 
below the halo on two %-inelt cone standoffs. 
For convenience in detaching the fited line a 
coaxial filling is mounted on an L bracket bolted 
to the veil ieal support. The stator bar of the 
25-gmf. vi ri: I tit capacitor (Johnson 167-2) is 
soldered directly to the coaxial fitting. The rotor 
of the capacitor is connected to the gamma arm 
through a piece of stiff wire. For further stiffen-
ing an aluminum angle bracket is screwed to the 
lower mounting stud of tin! capacitor and the 
other end mounted under the screw that holds 
the first cone standoff in place. Contact between 
the arm and the halo protsir is made through a 
striap of 3 t;-inch wit le aluminum bent to form a 
slitting clip. lie sure that a clean tight contact is 
made Itetween the tubing and the clip, as high 
current flows at this point. A poor or varying 
contact will ruin the effectiveness of the antenna. 

Adjustment 

The capacity-loaded halo is a high-Q device so 

Fig. 19-39—The 2-band halo as it 
appears when set up for 50-Mc. 
operation. Changing to 144 Mc. in-
volves decreasing the plate spacing 
by swapping cone insulators, and re-
setting the gamma matching clip 

and series capacitor. 

it must be tuned on-the-nose, or it will not work 
properly. The only reliable method for adjusting 
a halo is to use a st iii bridge, making 
tuning and matching adjustments for minimum 
reflected power. Using a field-stiength meter and 
attempting to adjust for maximum radiated 
power can give confusing indications, and is 
almost certain to result in something less than 
maximum offert iveness 
The adjust tail t inioeess with this design can 

be simplified if titi' halo is first resonated approxi-
mately to the desired frequency ranges with the 
aid of a grid-dip meter. Set the clip at about one 
inch in from the end of the arm, and the series 
capacitor at the middle of its range. Check the 
resonant frequency of the loop with the grid-dip 
meter, with the 3%-inch spacer between the ca-
pacitor plates. It should be close to 50 Me. If 
the frequency is too low, trimming the corners of 
the plates or putting shims under the ceramic 
spacer will raise it somewhat. If the frequency is 
too high already, make new and slightly larger 
capacitor plates. 

Next, insert an s.w.r. bridge between the an-
tenna and the transmission line. Apply power 
and swing the capacitor through its range, noting 
whether there is a dip in reflected power at any 
point. If the reflected power will not drop to 
zero, slide the clip along the gamma arm and 
retune the capaeitor, until the lowest reading 
possible is obtained. If this is still not zero, the 
halo is not resonant. If the halo capacitance is 
on the low side, moving the hands near the 
plates will cause the reflected power to drop. 
Closer spacing of the plates, larger plates or a 
longer halo loop are possible solutions. 
These adjustments should be made on a fre-

quency near the middle of the range you expect 
to use. Adjusting for optimum at 50.25 Mc., for 
example, will result in usable operation over the 
first 500 ke. of the band, and a good match (be-
low 1.5 to 1) from 50.1 to 50.4. The s.w.r, will 
rise rapidly either side of this range. 
To tune up on 144 Mc., insert the AI-inch cone 

between the capacitor plates. Slide the clip back 
on the gamma arm about 3 to 4 inches and repeat 
the adjustment for minimum reflected power, 
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using a frequency at the middle of a 2-Mc. range. 
Tuning up at 145 Mc., for example, will give 
quite satisfactory operation from the low end to 
146 Me., the halo being much broader in fre-
quency response when it is operated on its third 
harmonic. In this model the series capacitor in 
the gamma arm was at about the middle of its 
range for 50 Mc., and near minimum for 144 
Mc. Slight differences in mechanical construction 
may change the value of capacitance required, 
so these settings should not be taken as important. 
The photograph, Fig. 19-39, shows a method 

used to avoid running the chance that the sec-
ond ceramic cone would be missing when a band 
change was to be made. The head was cut from 
a 6-32 screw, leaving a threaded stud about 
inch long. This is screwed into one of the ceramic 
cones. The other cone then serves as a nut, to 
tighten down the capacitor plate. In changing 
bands merely swap cones. (Original description 
appeared in QST, Sept., 1958.) 
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A Field-Strength Meter for Portable- Mobile Use 

The field-strength meter of Figs. 19-40 through 
19-42 can be used in a mobile station as an 
antenna-resonance indicator or as a continuous 
output indicator showing that the transmitting 
system is actually radiating. It is designed to be 
inserted between the automobile broadcast re-
ceiving antenna, which acts as the r.f. pick-up. 

Fig. 1 9-40--A front view of the field-strength meter. 
Sensitivity control RI is to the right of the 0-1 indicating 
meter. Antenna input and output connectors are mounted 

on the right end of the box. 

Fig. 19-41—Circuit of the field-strength meter. 
CRI —Crystal diode ( 1N34A). 
J2— Automobile type antenna connectors. 

RFC1-2.5 mh. r.f. choke. 
Ri-500 ohm potentiometer (Mallory U-2). 
Si—S.p.d.t. switch for above potentiometer. 

Fig. 19-42— Inside view of the meter. The back plate 
shown in the photograph is used as a cover for the box. 

and the broadcast receiver. Small magnets or 
rubber suction cups on the back plate will hold 
the meter securely on top of the car dash. Al-
though in this position the meter will be face 
up in most eases, it can nevertheless usually be 
read from the driver position. 

RFC, 

  < 
 < j2 

1000P/1 
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A handle can be mounted on the meter box so 
that the meter can easily be carried about for 
portable measurements. The same basic layout 
less the handle can be used if the box is to be 
mounted under the dash or in the glove com-
part ruent. 
The circuit for the field-strength meter is 

shown in Fig. 19-41. The values shown are not 
critical. Nearly any type of crystal detector can 
be used and the meter movement can be any-
thing from 100 ma. to 2 ma. or more, depending 
upon the size and placement of the antenna and 
the power output of the transmitter. All com-
ponents, ineluding the 3-inch indicating meter, 
are housed in a 2 X 6 X 4-inch aluminum chassis. 

If a smaller meter is used, the box could be re-
duced in size accordingly. However, in mobile 
operation a large meter is more convenient to 
read while in motion. An illuminated meter 
could be substituted for the one shown in the 
photograph for use at night. A switch, Si, is 
used in the circuit to switch the antenna to 
the field-strength meter position or straight 
through to the broadcast set. For portable or 
temporary mobile operation, a short pick-up 
wire can be used instead of the automobile re-
ceiving antenna. The pick-up antenna lead 
comes into a conneetor mounted on one end of 
the box. There is a second connector for at-
taching the lead to the broadcast receiver. 

Conelrad Monitoring 

The conelrad rules discussed in the ,•lia liters 
on high-frequency receivers and opting a 
station must be observed by amateurs who 
operate mobile. One convenient form of compli-
ance is by means of a separate tunable converter 
covering the broadcast band, and converting to 
the same i.f. as the i.f. used by the ham-band 
converter. This type of converter may also be 
used when the car radio is used as the tunable 
i.f. for a broad-band converter, providing that 
the receiver is tuned to the converter i.f, at ten-
minute intervals. This can be accomplished most 
conveniently by setting one of the push buttons 
to tune the receiver to the monitor output fre-
quency. 
The circuit of a broadcast-band converter is 

shown in Fig. 19-43. The input circuit CIAL2 
covers the broadcast band. The oscillator circuit 
L'inL3 tunes the range of 2050 to 3000 Ice. to 
produce an i.f. of 1500 kc. A type 6SA7 may be 
used in the circuit and, of course, either a 1213E6 
or a I 2SA7 should be used for 12-volt operation. 

Plates must be removed from CU3 to provide 
the na mired tuning range. The oscillator section 
of the dual unit is the one having the smaller 
number of plat s. Starting at the rear, all rotor 
plates except five should be removed. It isn't 
necessary to remove the unused stators. Be very 
careful to make sure that there are no shorted 

plates after the modification is complete. 
L2 is a ferrite-core loopstick. This coil usually 

comes with a length of wire attached to the 
ungrounded end and wound around the loopstick. 
When unwound, the short length of wire is 
intended to provide additional pickup if needed. 
Disconnect this wire from L2 and, without 
unwinding it, use it for LI. 

L3 is close-wound with 60 turns No. 30 enam-
eled, and either tapped at about one third of 
the way up from the ground end, or with a sepa-
rate cathode coil consisting of about one third 
the number of turns on L2, wound over the ground 
end of L3, and wound in the same direction. The 
bottom end of this winding should be grounded. 
Power for the converter may be taken from the 

car radio supply since the current requirement 
is ruegible. With 150 volts at the.positive B 
terminal of the converter, the converter draws 
approximately 4 ma. and the drop across R2 is 
about 100 volts. The converter will work well at 
supply voltages up to 350 or more without change 
in the resistance value of 112. The current drain 
will, of course, be higher at the higher supply 
voltages, and the wattage rating of the resistor 
may have to be increased. If current drain is an 
important consideration, the resistance value of 
112 can be increased in proportion to the increase 
in supply voltage. 

Fig. 19-43—Circuit of the conelrad converter for mobile use. 

C, — Dual variable capacitor, broadcast-
6BE6 t i5OOk. replacement type for superhet 

1500-550 receivers, CI it altered as described 7 TO BC  
TUNER in the text (approx. 90 WI 

C2-47-µpf. mica. 
C3-0.1-0. 400-volt paper. 
C4—l80-ppd. mica trimmer (Arco type 

463). 
—See text. 

I.2—BC ferrite core loopstick (approx. 
230 µh.). 

1.3—See text (approx. 65 µh.). 
1.4— National XR-50 iron-slug form wound 

full with No. 32 enam. wire (approx. 
85 ph.). 

15-15 turns No. 28 wound over cold end 
of I.4. 
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Fig. 19-44—Block diagram showing a switching system 
for the conelrad converter. Ki represents a spare set of 
contacts on the change-over relay. Si is a s.p.d.t. toggle. 
With Ki in the receiving position as shown, power from 
the broadcast receiver may be applied to either the b.c. 
converter or the ham-band converter. With K1 in the 
transmitting position, power is applied to the broadcast 

converter for conelrad monitoring during 
transmitting periods. 

The oscillator can be checked for proper fre-
quency range by the use of a grid-dip meter 
before power is applied or, after power has been 
turned on, by listening on a communications 
receiver covering the 2-to-3 Mc. range. 
Now connect an antenna to the input of the 

converter and connect the converter to the broad-
cast receiver. Set the broadcast receiver at 1500 
kc. (or to the frequency normally used with the 
ham-band converter). Turn on the power and 
adjust C4 and the slug of L4 for a peak in noise 
(if you can't find a signal). Then adjust the slug 
of L2 for maximum response. 

Fig. 19-44 shows how the converter can be 
connected into a convenient switch system. 
(Originally described in QST, June, 1957). 

Mobile Power Supply 

By far the majority of amateur mobile in-
stallations depend upon the car storage battery 
as the source of power. The tube types used in 
equipment are chosen so that the filaments or 
heaters may be operated directly from the 
battery. High voltage may be obtained from 
a supply of the vibrator-transformer-rectifier 
type, a small motor generator or a transistor-
transformer-rectifier system operating from the 
car battery. 

Filaments 

Because tubes with directly heated cathodes 
(filament-type tubes) have the advantage that 
they can be turned off during receiving periods 
and thereby reduce the average load on the 
battery, they are preferred by some for trans-
mitter applications. However, the choice of 
types with direct heating is limited and the 
saving may not always be as great as antici-
pated, because directly heated tubes may re-
quire greater filament power than those of 
equivalent rating with indirectly heated cath-
odes. In most cases, the power required for 
transmitter filaments will be quite small com-
pared to the total power consumed. 

Plate Power 

Under steady running conditions, the vi-
brator-transformer-rectifier system and the 
motor-generator-type plate supply operate 
with approximately the same efficiency. How-
ever, for the same power, the motor-genera-
tor's over-all efficiency may be somewhat lower 
because it draws a heavier starting current. 
On the other hand, the output of the generator 
requires less filtering and sometimes trouble is 
experienced in eliminating interference from 
the vibrator. 

Transistor-transformer-rectifier plate supplies 
currently available operate with an efficiency of 
approximately 80 per cent. These compact, 
light-weight supplies use no moving parts (vibra-
tor or armature) or vacuum tubes, and draw no 
starting surge current. Most transistorized sup-
plies are designed to operate at 12 volts d.c. 

and some units deliver 125 watts or more. 
Converter units, both in the vibrator and 

rotating types, are also available. These operate 
at 6 or 12 volts (I.e. and deliver 115 volts a.c. 
This permits operating standard a.c.-powered 
equipment in the car. Although these systems 
have the advantage of flexibility, they are les, 
efficient than the previously mentioned systems 
because of the additional losses introduced by 
the transformers used in the equipment. 

Mobile Power Considerations 

Since the car storage battery is a low-voltage 
source, this means that the current drawn 
from the battery for even a moderate amount 
of power will be large. Therefore, it is impor-
tant that the resistance of the battery circuit 
be held to a minimum by the use of heavy con-
ductors and good solid connections. A heavy-
duty relay should be used in the line between the 
battery and the plate-power unit. An ordinary 
toggle switch, located in any convenient position, 
may then be used for the power control. A 
second relay may sometimes be advisable for 
switching the filaments. If the power unit must 
be located at some distance from the battery 
(in the trunk, for instance) the 6- or 12-volt cable 
should be of the heavy military type. 
A complete mobile installation may draw 

30 to 40 amperes or more from the 6-volt bat-
tery or better than 20 amperes from a 12-volt 
battery. This requires a considerably increased 
demand from the car's battery-charging gen-
erator. The voltage-regulator systems on cars 
of recent years will take care of a moderate 
increase in demand if the car is driven fair dis-
tances regularly at a speed great enough to 
insure maximum charging rate. However, if 
much of the driving is in urban areas at slow 
speed, or at night, it may be necessary to 
modify the charging system. Special commu-
nications-type generators, such as those used 
in police-car installations, are designed to 
charge at a high rate at slow engine speeds. 
The charging rate of the standard system can 
be increased within limits by tightening up 
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slightly on the voltage-regulator and current-
regulat or springs. This should s Iiie with min-
t ion, however, checking for exce,:sive generator 
temperature or abnormal sparking at the com-
mutator. The average 6-volt car generator has a 
rating of 35 amperes, but it may be possible to 
adjust the regulator so that the generator will at 
least hold even with the transmitter, receiver, 
lights, etc., all operating at the sanie time. 

If higher transmitter power is used, it may 
be necessary to install an a.c. charging system. 
In this system, the generator delivers a.c. and 
works into a rectifier. .1 charging rate of 
75 ampere is easily obtained. Commutator 
trouble ot ! ca experienced wit h d.c. generators 

The Automobile 
The success of any mobile installation depends 

to a large extent upon intelligent use and main-
tenance of t lie ear's battery. 
The storage bat tery is made up of units con-

sisting of a pair of coated lead plates immersed 
in a solution of sulphuric acid and water. Cells, 
each of which delivers about 2 volts, can be 
connected in series to obtain the desired battery 
voltage. A 6-volt battery therefore has three 
cells, and a 12-volt battery has 6 cells. The 
average stock car battery has a rated capacity 
of 600 to 800 watt-hours, regardless of whether 
it is a 6-volt or 12-volt battery. 

Specific Gravity and the Hydrometer 

As power is drawn from the litery, the acid 
content of the electrolyte is reduced. The acid 
content is restored to the electrolyte (meaning 
that the battery is recharged) by passing a 
current through the battery in a direction op-
posite to the direction of the discharge current. 

Since t la tcid content of the electrolyte varies 
with tl cliiirge and discharge of the battery, it is 
possible to determine the state of charge by 
measuring the specific gravity of the electrolyte. 
An inexpensive device for checking the s.g. is 

the hydrometer which can be obtained at any 
automobile supply store. In checking the s.g., 
enough electrolyte is drawn out of the cell and 
inta the hydrometer so that the calibrated bulb 
floats freely without leaning against the wall of 
the glass tube. 

While the readings will vary slightly with bat-
teries of different manufacture, a reading of 1.275 
should indicate full charge or nearly full charge, 
while a reading below 1.150 should indicate a 
battery that is close to the discharge point. More 
specific values can be obtained from the car or 
battery dealer. 

Readings taken immediately after adding 
water, or shortly after a heavy discharge period 
will not be reliable, because the elect nay t e will 
not be uniform throughout the cell. Charging 
will speed up the equalizing, and sonic mixing can 
be done by using the hydrometer to withdraw 
and return some of the electrolyte to the cell 
several times. 

at high current is avoided, but the cost of such 
a system is rather high. 
Some mobile operators prefer to use a sep-

arate battery for the radio equipment. Such a 
system can be arranged with a switch that cuts 
the auxiliary battery in parallel with the car 
battery for charging at times when the car 
battery is lightly loaded. The auxiliary battery 
can also be charged at home when not in use. 
A tip: many mobile operators make a habit 

of carrying a pair of heavy cables five or six 
feet long, fitted with clips to make a connec-
tion to the battery of another car in case the 
operator's battery has been allowed to run too 
far down for starting. 

Storage Battery 
A battery should not be left in a discharged 

condition for any appreciable length of time. 
This is especially important in low temperatures 
when there is danger of the electrolyte freezing 
and ruining the battery. A battery discharged to 
an s.g. of 1.100 will start to freeze at about 20 
degrees F., at about 5 degrees when the e.g. is 
1.150 and at 16 below when the s.g. is 1.200. 

If a battery has been run down to the point 
where it is nearly discharged, it can usually be 
fast-charged at a battery station. Fast-charging 
rates may be as high as 80 to 100 amperes for a 
6-volt battery. Any 6-volt battery that will ac-
cept a charge of 75 amperes at 7.75 volts during 
the first 3 minutes of charging, or any 12-volt 
battery that will accept a charge of 40 to 45 
amperes at 15.5 volts, may be safely fast-charged 
up to the point where the gassing becomes so 
excessive that electrolyte is lost or the tempera-
ture rises above 125 degrees. 
A normal battery showing an s.g. of 1.150 

or less may be fast-charged for 1 hour. One 
showing an s.g. of 1.150 to 1.175 may be fast-
charged for 45 minutes. If the s.g. is 1.175 to 
1.200, fast-charging should be limited to 30 
minutes. 

Care of the Battery 

The battery terminals and mounting frame 
should be kept free from corrosion. Any corrosive 
accumulation may be removed by the use of 
water to which some household ammonia or 
baking soda has been added, and a stiff-bristle 
brush. Care should be taken to prevent any of the 
corrosive material from falling into the cells. 
Cell caps should be rinsed out in the same solution 
to keep the vent holes free from obstructing dirt. 
Battery terminals and their cable clamps should 
be polished bright with a wire brush, and coated 
with mineral grease. 
The hold-down clamps and the battery holder 

should be checked occasionally to make sure 
that they are tight so the battery will not be 
damaged by pounding when the car is in motion. 

Voltage Checks 

Although the readings of s.g. are quite reliable 
as a measure of the state of charge of a normal 
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battery, the necus-,ity for frequent use of the 
hydrometer is an inconvenience and will not 
always serve as a conclusive check on a defective 
battery. Cells may show normal or almost normal 
s.g. and yet have high internal resistance that 
ruins the usefulness of the battery under load. 
When all cells show satisfactory s.g. readings 

and yet the battery output is low, service stations 
check each cell by an instrument that measures 
the voltage of each cell under a heavy load. 
Under a heavy load the cell voltages should 
not differ by more than 0.15 volt. 
A load-voltage test can also be made by meas-

uring the voltage of each cell while closing the 
starter switch with the ignition turned off. In 
many cars it i-, necessary to pull the central dis-

tributor wire out to prevent the motor starting. 

Electrolyte Level 

Water is evaporated from the electrolyte, lait 
the acid is not. Therefore water must be added 
to each cell from time to time so that the plates 
are always completely covered. The level should 
be checked at least once per week, especially 
during hot weather and constant operation. 

Distilled water is preferred for replenishing, 
but clear drinking water is an acceptable substi-
tute. Too much water should not be added, since 
the gassing that accompanies charging may force 
electrolyte out through the vent holes in the caps 
of the cells. The electrolyte expands with tem-
perature. (From QST, August, 1955.) 

Emergency and Independent Power Sources 
Emergency power supply which operates in-

dependently of a.c. lines is available, or can be 
built in a number of different forms, depending 
upon the requirements of the service for which 
it is intended. 
The most practical supply for the average 

individual amateur is one that operates from 
a car storage battery. Such a supply may take 
the form of a small motor generator (often called 
a dynamotor), a rotary converter, a vibrator-
transformer-rectifier combination, or transistor 
supply. 

Dynamo fors 

A dynamotor differs from a motor generator 
in that it is a single unit having a double arma-
ture winding. One winding serves for the 
driving motor, while the output voltage is 
taken from the other. Dynamotors usually are 
operated from 6-, 12-, 28- or 32-volt storage 
batteries and deliver from 300 to 1000 volts 
or more at various current ratings. 

Successful operation of dynamotots requires 
heavy direct leads, mechanical isolation to re-
duce vibration, and thorough r.f. and ripple fil-
tration. The shafts and bearings should be thor-
oughly " run in" before regular operation is at-
tempted, and thereafter the tension of the bear-
ings should be checked occasionally to make 
certain that no looseness has developed. 

In mounting the dynamotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis-
sion of vibration mechanically. The frame of 
the dynamotor should be grounded through a 
heavy flexible connector. The brushes on the 
high-voltage end of the shaft should be by-
passed with 0.002-µf. mica capacitors to a 
common point on the dynamotor frame, pref-
erably to a point inside the end cover close to the 
brush holders. Short leads are essential. It may 
prove desirable to shield the entire unit, or even 
to remove the unit to a distance of three or four 
feet from the receiver and antenna lead. 
When the dynamotor is used for receiving, a 

filter should be used similar to that described 

for vibrator supplies. A 0.01-µf. 600-volt (d.c.) 
paper capacitor should be connected in shunt 
across the output of the dynamotor, followed by 
2.5-mh. r.f. choke in t he positive high-voltage 

lead. From this point tile 0111)10 should be run to 
the receiver power terminals through a smoothing 
filter using 4- to 8-12f. capaeitors and a 15- or 
30-henry choke having low d.c. resistance. 

Vibrator Power Supplies 

The vibrator type of power supply consists 
of a special step-up transformer combined with 
a vibrating interrupter (vibrator). When the 
unit is connected to a storage battery, plate 
power is obtained by passing current from the 
bat t cry through the primary of the trans-
former. The circuit is made and reversed 
rapidly by the vibrator contacts, interrupting 
the current at regular intervals to give a 
changing magnetic field which induces a volt-
age in the secondary. The resulting square-
wave d.c. pulses in the primary of the trans-
former cause an alternating voltage to be 
developed in the secondary. This high-voltage 
a.c. in turn is rectified, either by a vacuum-tube 
rectifier or by an additional synchronized pair 
of vibrator contacts. The rectified output is 
pulsating d.c., which may be filtered by ordi-
nary means. The smoothing filter can be a 
single-section affair, but the output capaci-
tance should be fairly large — 16 to 32 af. 

Fig. 19-45 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibra-
tor. When the battery is disconnected the 
reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with one contact point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously, the magnet 
coil is short-circuited, deiMergizing it. and the 
reed swings back. Inertia carries the reed into 
contact with the upper point, causing current 
to flow through the upper half of the trans-
former primary. The magnet roil again is en-
ergized, and the cycle repeats itself. 
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VIBRATING REED It EC 

(B) 

C-17-C2 RFC2 

r4- 0— 

Fig. 19-45— Basic types of vibrator power- supply 

circuits. A—Nonsynchronous. B— Synchronous. 

The synchronous circuit of Fig. 19-45B is 
provided with an extra pair of contacts which 
rectify the secondary output of the trans-
former, thus eliminating the need for a sepa-
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second-
ary windings are correct. The proper connec-
tions may be determined by experiment. 
The buffer capacitor, C2, across the trans-

former secondary, absorbs the surges that 
occur on breaking the current, when the mag-
netic field collapses practically instantaneously 
and hence causes very high voltages to be 
induced in the secondary. Without this capacitor 
excessive sparking occurs at the vibrator con-
tacts, shortening the vibrator life. Correct 
values usually lie between 0.005 and 0.03 af., 
and for 250-300-volt supplies the capacitor 
should be rated at 1500 to 2000 volts d.c. The 
exact capacitance is critical, and should be 
determined experimentally. The optimum 
value is that which results in least battery 
current for a given rectified d.c. output from 
the supply. In practice the value can be deter-
mined by observing the degree of vibrator 
sparking as the capacitance is changed. When 
the system is operating properly there should 
be practically no sparking at the vibrator con-
tacts. A 5000-ohm resistor in series with C2 will 
limit the secondary current to a safe value 
should the capacitor fail. 

Vibrator-transformer units are available in a 
variety of power and voltage ratings. Repre-
sentative units vary from one delivering 125 
to 200 volts at 100 ma. to others that have a 
400-volt output rating at 150 ma. Most units 
come supplied with " hash" filters, but not all 
of them have built-in ripple filters. The re-
quirements for ripple filters are similar t o t hose 
for a.c. supplies. The usual efficiency of 
vibrator packs is in the vicinity of 70 per cent, 
so a 300-volt 200-ma. unit will draw ap-
proximately 15 amperes from a 6-volt storage 
battery. Special vibrator transformers are also 
available from transformer manufacturers so 

that the amateur may build his own supply if 
he so desires. These have d.c. output ratings 
varying from 150 volts at 40 ma. to 330 volts 
at 135 ma. 

Vibrator-type supplies are also available for 
operating standard a.c. equipment from a 6- or 
12-volt storage battery in power ratings up to 100 
watts continuous or 125 watts intermittent. 

"Hash" Elimination 

Sparking at the vibrator contacts causes r.f. 
interference (" hash," which can be distin-
guished from hum by its harsh, sharper pitch) 
when used with a receiver. To minimize this, 
r.f. filters are incorporated, consisting of RFC1 
and C1 in the battery circuit, and RFC2 with C3 
in the d.c. output circuit. 

Equally as important as the hash filter is 
thorough shielding of the power supply and 
its connecting leads, since even a small piece 
of wire or metal will radiate enough r.f. to cause 
interference in a sensitive amateur receiver. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. A 
bottom plate to complete the shielding is advis-
able. The transformer case, vibrator cover and 
the metal shell of the tube all should be grounded 
to the chassis. If a glass tube is used it should be 
enclosed in a tube shield. The battery leads should 
be evenly twisted, since these leads are more 
likely to radiate hash than any other part of a 
well-shielded supply. Experimenting with differ-
ent values in the hash filters should come after 
radiation from the battery leads has been re-
duced to a minimum. Shielding the leads is not 
often found to be particularly helpful. 

• UNIVERSAL VIBRATOR 
POWER SUPPLY 

A vibrator-type power supply may be de-
signed to operate from a storage battery only, 
or from either a battery or 115 volts a.c. Most 
late-model ears use 12-volt batteries, but there 
are still many ears with 6-volt systems in opera-
tion — a point that should be given due con-
sideration where emergency operation is an 
objective. 
The circuit of a universal power supply for 

emergency, mobile, or home-station use is shown 
in Fig. 19-16. The unit furnishes a d.c. output 
of 300 volts at 160 ma. and can be operated 
from any of the above-mentioned sources. Shift-
ing from one power source to another is accom-
plished by plugging Pi or P2, connected to the 
selected source, into one of the two chassis con-
nectors J1 or J2. The vibrator-primary current is 
11.6 amperes with 6-volt input under loaded 
conditions, and 6.8 amperes with 12-volt input. 

Heater Connections 

To adapt equipment for optional 6- or 12-volt 
operation, 6-volt tubes must be used with their 
heaters in series-parallel. Fig. 19-47 shows a 
typical example of connections. The tubes in the 
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Fig. 19-46—Circuit of the universal power supply. All capacitances are in µf. 

CI—Buffer capacitor, tubular plastic. 
C2, CI— Hash-filter capacitor, paper. 
CI— Hash- filter capacitor, disk ceramic. 
CT, C,— Ripple- filter capacitor, 5 µf. or more, 600-volt 

oil-filled or electrolytic. 
F: — 3-amp. cartridge fuse ( Littlefuse type 3AG) in 

extractor- post mounting ( Littlefuse 341001). 
F2- 20-amp. cartridge fuse ( Littlefuse type SFE) in 

in- line fuse retainer ( Littlefuse 155020). 
11—Neon pilot lamp. 
11, 12— 12- contact male chassis connector ( Cinch-Jones 

P-312-AB). 
J:- 6-contact female chassis connector ( Cinch-Jones 

S-306-AB). 
11-5-h. 200-ma. 80-ohm filter choke (Merit C-1396, 

Stancor C-1411). 
Pi, P2- 12-contact female cable connector ( Cinch-Jones 

S-312-CCT). 
Pi-6-contact male cable connector (Cinch-Jones 

P-306-CCT). 
PT— Cigar- lighter plug ( Mallory R-675). 

equipment should by divided into hvo groups 

u hose heater-eurrent ratings total as tdosely ; is 
possibly the same value. The heaters in eaell 

group should be eonneeted ill parallel, and the 

two groups then t.onneeted in Viti s. If it is im-

possible to arri\-e iit a grouping that ‘vill have 
exavtly the same total eurrent, a resistor niay 

be vonneeted in parallel ‘vith the group drawing 
the smaller current as shown. The value of this 

resistor should he sue), that it will draw ('imugh 

OUTPUT (2) 

  2 
3 

— 

P4 

RCVR. PLUG 

B+ TO 

RCVR. 

R: — Buffer resistor. 

R2— Series voltage-dropping resistor for receiver, slider 
adjustable. 

RFC: — 30 turns No. 14 enam., 1/2 -inch diam., close-wound. 

RFC2-1-mh. r.f. choke ( National R- 300-U, Millen 34106)• 
—S.p.s.t. toggle switch. 

S2—S.p.d.t. toggle switch. 

S2—S.p.d.t. toggle, or other, at transmitter. 

1'1—Combination power transformer: 6-volt d.c. vibrator 
or 115 v. a.c. input; 300 volts, 160 ma.; 6.3 
volts 3 amp.; 6.3- volt 4.5-amp, tap on vibrator 
primary ( Merit P-3176). Numbered terminals 
are color-coded as follows: 1—heavy green; 
2—yellow; 3— light green; 4— black; 5—brown; 
6— blue; 7—white; 8—red; 9—red-yellow; 
10—red; 11 and 12— black. 

X1-4-prong tube socket for 6-volt vibrator ( Mallory 
4501 vibrator). 

X2-4-prong tube socket for 12- volt vibrator ( Mallory 
G4501 vibrator). 

(IIIITVIlt at ti volts tu Make MI HMI IIIIT(IFI.I11-1` he-

t OM' IWO tot ils. One side of one group may 

be grounded to ehassis lait the other side of this 

group and both sides of the serond group must 

he insulated. 

Switching Circuits 

liattery input vonnectiims are made through 

i' 5 which plugs into a eigar-lighter socket in 

mobile service, h'2 is a fuse whieli is inserted in the 
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Fig. 19- 47— Circuit 
showing typical series-
parallel heater connec-
tions for 6-volt and 
6 1 2-volt tubes. Re-
sistor R, is used when 
necessary to balance 
the currents in the two 
branches as described 
in the text. The dashed 
line shows how the 
switching system con-
nects all tubes in paral-
lel for 6-volt opera-

tion by grounding. 

UV. 

cord between P5 and Pt. 
For 6-volt operation Pi is plugged into J1. 

For 12-volt operation P1 is plugged into J2. 
For 115-volt a.c. operation P2 is plugged into J2. 

Positive high-voltage output from the supply 
is fed to Pins 3 on output connectors ‘13 and J4. 
The three heater connections are made through 
Pins 1, 2 and 6. The cable for transmitter plug 
P3 has provision for connecting to a transmit-
receive switch (S3) at the transmitter. In the 
transmit position the plate voltage is fed to the 
transmitter. In the receive position the switch 
feeds the plate voltage, via Pin 4, through series 
voltage-dropping resistor R2 to Pin 4 on the other 
output jack and thence to the receiver. It will be 
noticed that the same circuit results with P3 
and P4 in either output jack. 

Construction 

The unit is constructed on a 7 X 12 X 3-inch 
chassis, with only the transformer and output 
connectors .13 and ef4 above deck. The two recti-
fier tubes and both vibrators are mounted below 
deck for compactness and shielding. This leaves 
a clear area on top of the chassis for mounting a 
receiver or small transmitter. Adequate ventila-
tion is provided by patterns of %-inch holes in 
the top of the chassis, directly over the rectifier 
tubes, and along the bottom edge of the chassis 
on both sides. 
The pilot lamp, a.c. power switch and filter 

switch 53 can he mounted on the front end of 
the chassis, with fuse Fi and the input jacks at 
the other end. Shielding should be completed 
with a chassis bottom plate. 

Operation 

Although the circuit is arranged so that no 
damage will occur if a mistake is made, the input 
connectors should be plainly marked to avoid 
plugging a cable into the wrong socket. 

Original description appeared in QST, Oct., 
1957.) 

• TRANSISTOR POWER SUPPLIES 
A mobile or portable power supply using 

transistors has high over-all efficiency at its 

rated power output. Since there are no moving 
parts there are few maintenance problems. Ca-
pacitors and resistors may occasionally need re-
placement, but if the transistors are operated 
within their electrical and thermal ratings, their 
life expectancy is in terms of years rather than 
hours. 

In a transistor power supply, the transistors 
operate as electronic switches to interrupt the 
d.c. through the primary of the power trans-
former much like the mechanical vibrator does 
in a vibrator supply. 
When voltage is applied to the power supply 

circuit, current will flow through the transistors: 
however, since no two transistors are precisely 
alike electrically, initially one will conduct a 
little more current than the other. This differ-
ence current or "starting" current will cause a 
small voltage to be induced in the transformer 
winding connected to the bases of the transistors. 
The polarity is such that the conducting tran-
sistor is biased to conduct even more heavily 
while the base of the other transistor is biased to 
cutoff. This process continues until the increasing 
current causes magnetic saturation of the trans-
former core, at which time the induced voltage 
drops to zero and there is no longer enough base 
bias to maintain the eollector current. When this 
happens the current decreases, causing an in-
duced voltage of opposite polarity. The process 
then reverses so that the previously nonconduct-
ing transistor starts to conduct and the previ-
ously conducting transistor becomes eut off. The 
result is an alternating current of square-wave 
form through the transformer primary. This in 
turn induces a stepped-up voltage in the h.v. 
secondary of the transformer. 
The transistor supply is self-protecting against 

overload because if a short circuit or heavy over-
load occurs oscillations cease and the input cur-
rent drops to a low value. The output voltage 
regulation is extremely good making the tran-
sistor supply especially useful as a source of 
plate or screen power for a single-sideband mo-
bile or portable rig. 

Transistor power transformers are available 
in both conventional and toroidal construction, 
with outputs ranging up to 150 watts. The 
circuit shown in Fig. 19-48, a typical transistor 
power supply, has an output of about 350 volts 
at 190 ma. It uses eight selenium rectifiers in a 
bridge circuit but four silicon-type power diodes 
having an inverse peak voltage rating of 800 
volts or more could be substituted with a sub-
stantial saving in space. The center-tapped 
secondary of T1 provides a half-voltage source 
that may be used simultaneously with the high 
voltage. 

In a transistor power supply circuit that has 
not been properly designed, small spikes may 
appear on the leading edges of the square wave 
generated in the transistor power oscillator. 
Even though the spikes are of short duration 
they can cause punch-through of the transistor 
junction if the total voltage exceeds the transis-
tor collector-to-emitter rating. The amplitudes 
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Fig. 19-48 — Circuit of the 
transistor power supply. Re-

sistances are in ohms. 

C1-2000 0., 15 volts (2 
paralleled 1000 Ø. 
electrolytics, Sprague 
TVA 1163). 

CR1 through CR8-150 ma. 
selenium rectifier (Ra-
dio Receptor 5P1). 

F1-10- amp. fuse. 
01, Q2-2N278 transistors. 
Ti— Transistor power trans-

former ( Sunair 
Electronics type 
14-450-1). 

of these spikes can he held to a safe value if the 
primary and secondary coils on the power trans-
former are tightly coupled (bifilar wound) and 
a large capacitor (CI in Fig. 19-48) is connected 
across the low voltage supply. 

It is very important to provide good heat 
transfer from the mounting bases of the transis-
tors to the chassis. The transistor junction tem-
perature must not be allowed to exceed the 
manufacturer's ratings or thermal runaway will 
occur and the transistors will become useless. 
Layout of the parts is not critical. A conventional 
box type chassis may be used; the larger the 
surface area the better, since that means more 
rapid heat transfer from the transistors. 

Since heat is the prime limiting factor in 
transistor power supply operation, placement of 
the unit in the ear should have special consid-
eration. Try to find a location away from high-
temperature spots and in a well-ventilated area. 

1111 GASOLINE-ENGINE DRIVEN 
GENERATORS 

For higher-power installations, such as for 
communications control centers (luring emer-
gencies, the most practical form of independent 
power supply is the gasoline-engine driven 
generator which provides standard 115-volt 
60-cycle supply. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are avail-
able up to ten kilowatts, or big enough to 
handle the highest-power amateur rig. Most 
are arranged to charge automatically an aux-
iliary 6- or 12-volt battery used in starting. 
Fitted with self-starters and adequate mufflers 
and filters, they represent a high order of per-
formance and efficiency. Many of the larger 
models are liquid-cooled, and they will operate 

continuously at full load. 
The output frequency of an engine-driven 

generator must fall between the relatively 
narrow limits of 50 to 60 cycles if standard 
60-cycle transformers are to operate efficiently 
from this source. A 60-cycle electric clock pro-
vides a means of checking the output frequency 
with a fair degree of accuracy. The clock is 
connected across the output of the generator 
and the second hand is checked closely against 
the second hand of a watch. The speed of the 
engine is adjusted until the two second hands 
are in synchronism. 
Output voltage should be checked with a 

voltmeter since a standard 115-volt lamp bulb, 
which is sometimes used for this purpose, is 
very inaectirat,. 

Noise Elimination 

Electrical noise which may interfere with re-
ceivers operating from engine-driven a.c. gen-
erators may be reduced or eliminated by tak-
ing proper precautions. The most important 
point is that of grounding the frame of the 
generator and one side of the output. The 
ground lead should be short to be effective, 
otherwise grounding may actually increase the 
noise. A water pipe may be used if a short con-
nection can be made near the point where the 
pipe enters the ground, otherwise a good sepa-
rate ground should be provided. 
The next step is to loosen the brush-holder 

locks and slowly shift the position of the 
brushes while checking for noise with the re-
ceiver. Usually a point will be found (almost 
always different from the factory setting) 
where there is a marked decrease in noise. 
From this point on, if necessary, bypass 

capacitors from various brush holders to the 
frame, as shown in Fig. 19-49, will bring the 
hash down to within 10 to 15 per cent of its 
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TABLE 19-III 

Service life of some typical zinc-carbon c('ll:- , o,1 batteries 

Cell or Battery 

1.5 v. pen light cell 
1.5 v. flash light cell 
1.5 v. ignition cell 

45 v., 67.5 v., 90 v. 
B-battery 

ASA Cell Size 
Continuous 

sers ice 
4 hours per 
day service 

AA 
I) 

F30 
F40 
F70 

nia, tirs, ma. hrs. 

30 14 20 33 
160 9 130 21 
500 43 500 80 

18 9 16 14 
19 15 17 24 
20 35 24 47 

original intensity, if not entirely eliminating it. 
Most of the remaining noise will be reduced 
still further if the high-power audio stages 
are cut out and a pair of headphones is con-
nected into the second detector. 

F.-1,0 v007 0 C 

Fig. 19-49—Connections used for eliminating interference 
from gas-driven generator plants. C should be 1 µf., 
300 volh, paper, while C2 may be 1 µf. with a voltage 
rating of twice the d.c. output voltage delivered by the 
generator. X indicates an added connection between 

the slip ring on the grounded side of the 
line and the generator frame. 

• POWER FOR PORTABLES 
Dry Cell Batteries 

Dry-cell batteries are a practical source of 
power for sttpplying portables or equipment 
which must be transported on foot. However, 
they are costly and have limited current capa-

bility. The zinc-carbon cells lase their power 
even when not in use, if allowed to stand idle for 
periods of a year or more. This makes them 
uneconomical if not used more or less con-
tint tously. 
The mercury cell has a much higher ratio of 

ampere-hour c;11):Icit v. to volume at higher cur-
rent densities 111a n an obtainalile from the con-
ventional dry cell. Mercury batteries are well 
suited for emergency portable operation even 
after many months of storage. 

Typical service life data for several types of 
zinc:earbon cells and batteries is given in Table 
19-111. The figures show length of service time 
before the tell terminal voltage drops to 1.0 
volt (in B-batteries, whets individual cells reach 
1.0 volt). 
Mercury batteries and cells are available in 

several sizes and shapes. Some may be oper-
ated at current drains up in the ampere range 
and others are available in potentials in the 
hundreds of volts. A typical 1.35-volt mereury 
cell measuring only 2% X 2% X 23% inches, 
has a capacity of 43 ampere hours (maximum 
current 3 amperes). Cells of this type would be 
usend for filament or heater applications. A 
representative mercury B-battery has a voltage 
of 67.5 volts and a capacity of 3.6 ampere hours 
(maximum current 250 ma.). It measures about 
33 X 1 X 10X inches. 
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CHAPTER 20 

Construction 

Practices 

• TOOLS AND MATERIALS 
While an easier, and perhaps a better, job 

can be done with a greater variety of tools 
available, by taking a little thought and 
care it is possible to turn out a fine piece of 
equipment with only a few of the common 
hand tools. A list of tools which will be in-
dispensable in the construct inn of radio 
equipment will be found on this page. With 
these tools it should he pos,:i Me to perform 
any of the required operation- in preprint 

INDISPENSABLE TOOLS 

Long-nose p!iers, 6-incli. 
Diagonal cutting pliers, 6-inch. 
Wire stripper. 
Screwdriver, 6- to 7-inch, 1.¡-inch blade. 
Screwdriver, .1- to 5-inch, Winch blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-inch, for laying out work. 
Hand drill, 14-inch chuck or larger, 2-speed type 

preferable. 
Electric soldering iron, 100 watts, n-in. tip. 
Hack saw, 12-inch blades. 
Center punch for marking hole centers. 
Hammer, ball-peen, 1-1b. head. 
Heavy knife. 
Yardstick or other straightedge. 
Carpenter's brace with adjustable hole cutter or 

socket-hole punches (see text). 
Large, coarse, flat file. 
Large round or rat-tail file, Winch diameter. 
Three or four small and medium files—flat, round, 

half-round, triangular. 
Drills, particularly %-inch and Nos. 18, 28, 33, 42 
and 50. 

Combination oil stone for sharpening tools. 
Solder and soldering paste (noncorroding). 
Medium-weight machine oil. 

ADDITIONAL TOOLS 

Bench vise, 4-inch jaws. 
Tin shears, 10-inch, for cutting thin sheet metal. 
Taper reamer, s-inch, for enlarging small holes. 
Taper reamer, 1-inch. for enlarging holes. 
Countersink for brace. 
Carpenter's plane, 8- to 12-inch, for woodworking. 
Carpenter's saw, crosscut. 
Motor-driven emery wheel for grinding. 
Long-shank screwdriver with screw-holding clip 

for tight places. 
Set of " Spintite" socket wrenches for hex nuts. 
Set of small, flat, open-end wrenches for hex nuts. 
Wood chisel, Winch. 
Cold chisel, Winch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
Dusting brush 
Socket punches, esp. 4", 4", lx" and 13e. 

panels and metal chassis for assembly and 
wiring. It is ao (.‘%• ollent idea for the amateur 
who does must! uctional work to add to his 
supply of tools from time to time as finances 
permit. 

Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and circular saws, and joiner. Al-
though not essential, they are desirable should 
you be in a position to acquire them. 

Twist Drills 

Twist drills are made of either high-speed 
steel or carbon steel. The latter type is more 
common and will usually be supplied unless 
specific request is made for high-speed drills. 
The carbon drill will suffice for most ordinary 
equipment construction work and costs less 
than the high-speed type. 

While twist drills are available in a number 
of sizes those listed in hold-faced type in Table 
20-I will be most commonly used in construc-
tion of amateur equipment. It is usually de-
sirable to purchase several of each of the 
commonly used sizes rather than a standard set, 
most of which will be used infrequently if at all. 

Care of Tools 

The proper care of tools is not alone a mat-
ter of pride to a good workman. He also real-
izes the energy which may be saved and the 
annoyance which may be avoided by the pos-
session of a full kit of well-kept sharp-edged 
tools. 

Drills should be sharpened at frequent in-
tervals so that grinding is kept at a minimum 
each time. This makes it easier to maintain the 
rather critical surface angles required for best 
cutting with least wear. Occasional oil,toning 
of the cutting edges of a drill or reamer will ex-
tend the time between grindings. 
The soldering iron can be kept in good 

condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re-
moved and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by dipping it in sal ammoniac while 
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hot and then wiping it clean with a rag. If the 
tip becomes pitted it. should be filed until 
smooth and bright, and t hen tinned immedi-
ately by dipping it in solder. 

Useful Materials 

Small stocks of various ii.i,.ellaneous ma-
terials will be required in c,,n-t touting radio 
pl)aratus, most of which are available from 

hardware or radio-supply stores. A representa-
tive list follows: 

Sheet aluminum, solid and perforated, 16 or 1S 
gauge, for brackets and shielding. 
X !..-inch aluminum angle stock. 

14-inch diameter round brass or aluminum rod 
for shaft extensions. 

Machine screws: Hound-head and flat-head, 
with nuts to fit. Most useful sizes: 4-36, 
6-32 and 8-32, in lengths from VI inch to 
It() inches. ( Nickel-plated iron will be 
found satisfactory except in strong r.f. 
fields, where brass should be use(l.) 

Bakelite, lucite and polystyrene scraps. 
Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, var-
nished-cambrie insulating tubing. 

Shielded and unshielded wire. 
Tinned bare wire, Nos. 22,11 and 12. 

Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 

e CHASSIS WORKING 
With a few essential tools and proper pro-

cedure, it will be found that building radio 
gear on a metal cliasis is no more of a chore 
than building with wowl, and a more satisfac-
tory job results. Aluminum is to be preferred to 
steel, not only heel tisc it is a superior shielding 
material, Ititi because it is much easier to work 
and to prov t le gootl chassis contacts. 

Tile placing of components on the chassis 
is shown quite clearly in the photograph- H: 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the text, 
exact duplivation is not necessary. 
Much trouble and energy can be saved by 

spending sufficient time in phi nning the job. 
When all details are worked out beforehand 

Fig. 20-1-Method of measuring the heights of capacitor 

shafts, etc. If the square is adjustable, the end of the scale 

should be set flush with the face of the head. 

7 
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54 

TABLE 20-I 

Numbered Drill Sizes 

Drilled for 
Diameter Iii!! Clear Tappiou Iron, 

Number (mils) Serra Ste, 1 or Brass* 

1 228.0 
2 221.0 

213.0 
209.0 

5 205.0 
6 204.0 

201.0 
199.0 
196.0 
193.5 
191.0 
189.0 
185.0 
182.0 
180.0 
177.0 
173.0 
169.5 
166.0 
161.0 
159.0 
157.0 
154.0 
152.0 
149.5 
147.0 
141.0 
140.0 
130.0 
128.5 
120.0 
116.0 
113.0 
111.0 
110.0 
106.5 
104.0 
101.5 
099.5 
098.0 
096.0 
093.5 
089.0 
086.0 
082.0 
081.0 
078.5 
076.0 
073.0 
070.0 
067.0 
063.5 
059.5 
055.0 

12-24 

12-20 

10-3- 2 
10-24 

8-- 32 

4-311, - 4-40 

3-- 48 

2-- 56 

14-24 

12-- 24 

12-- 20 

10-- 32 

10-- 24 

8-- 32 

6-- 12 

4-34, - 4-49 

3-48 

2-- 56 

Use one size larger for tapping bakelite and liard 
rubber. 

the actual construction is greatly simplified. 
Cover the top of the chassis with a piece of 

wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
The n as›ulable the parts to be mounted on top 
of the chassis and move them about until a 
satisfactory arrangement has been found, keep-
ing in mind any parts which are to be mounted 
underneath, so that interferences in mounting 
may be avoided. Place capacitors and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 
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form the desired pattern on the panel. Be sure 
to line up the shafts squarely with the chassis 
front. Locate any partition shields and panel 
brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
out for capacitors whose shafts are off center 
and do not line up with the mounting holes. 
Do not forget to mark the centers of socket 
holes and holes for leads under i.f. transformers. 
etc., as well as holes for wiring leads. The small 
holes for socket-mounting screws are best located 
and center-punched, using the socket itself as a 
template, after the main center hole has been cut. 
By means of the square. lines indicating ac-

curately the centers of shafts should be ex-
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole centers 
may then be punched in the chassis with the 
center punch. After drilling, the parts which re-
quire mounting underneath may be located and 
tile mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 

A 
Fig. 20-2—To cut rectangular holes in a chassis corner, 
holes may be filed out as shown in the shaded portion of 
B, making it possible to start the hack-saw blade along 
the cutting line. A shows how a single-ended handle may 

be constructed for a hack-saw blade. 

of the chassis should be transferred to the 
panel, by once again fastening the panel to the 
chassis and marking it from the rear. 

Next, mount on the chassis the capacitors 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 20-1. The horizontal dis-
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured from 
this lisse. The shaft centers may now be marked 
on the back of the panel, and the !soles drilled. 
Holes for any other panel equipment coming 
above tlse chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. Holes for terminals etc., in the rear 
edge of the chassis should be marked and drilled 
at the same time that they are done for the top. 

Drilling and Cutting Holes 

When drilling holes in metal witls a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not " walk" away from the center 
when starting the isole. When the drill starts to 
break through, special care must be used. 
Often it is an advantage to shift a two-speed 
drill to low gear at this point. Holes more 
than Yi inch in diameter may be started with a 
smaller drill and reamed out with the larger drill. 
The chuck on the usual type of hand drill is 

limited to 3'-inch drills. Although it is rather 
tedious, the 3.-inch !sole may be filed out to 
larger diameters with round files. Another 
method possible with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of Use large Isole, 
placing the holes as close together as possible. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit into the carpen-
ter's brace will make the job easier. A large rat-
tail file clamped in the brace makes a very good 
reamer for holes up to the diameter of the file, 
if the file is revolved counterclockwise. 

For socket holes and other large round isoles, 
ass adjustable cutter designed for tile purpose 
may be used in the brace. Occasional applica-
tion of machine oil in the cutting groove will 
help. The cutter first should be tried out on a 
block of wood, to make sure that it is set for 
the correct diameter. The most convenient device 
for cutting socket holes is the socket-hole punch. 
The best type is that which works by turning a 
take-up screw with a wrench. 

Tile burrs or rough edges which usually 
result after drilling or cutting holes may be re-
moved with a file, or sometimes more con-
veniently witls a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
and available for this purpose. 

Rectangular Holes 

Square or rectangular Isoles may be cut out 
by making a row of small isoles as previously 
described, but is more easily dosse by drilling 
a -inch hole inside each corner, as illus-
trated in Fig. 20-2, and using these isoles for 
starting and turning the hack saw. The socket-
hole punch and the square punches which are 
now available also may be of considerable as-
sistance in cutting out large rectangular open-
ings. 

e CONSTRUCTION NOTES 
If a control shaft must be extended or in-

sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactory support 
for the shaft extension can be provided by 
means of a metal panel bearing made for the 
purpose. Never use panel bearings of the non-
metal type unless the capacitor shaft is 
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding st rip. 
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This prevents any possible danger of shock. 
The use of fiber washers between ceramic 

insulation and metal brackets, screws or nuts 
will prevent the ceramic part , from breaking. 

STANDARD METAL GAUGES 
Gail/ .1 M. Bermingham 
No. or B. ,t• S. Standard or Stutes 3 

1 .2893 

2 .2576 

3 .2294 

4 .2043 

5 .1819 

6 .1620 

7 .1443 

8 .1285 

9 .1144 

10 .1019 

11 .09074 

12 .08081 

13 .07196 

14 .06-108 

15 .05707 

16 .05082 

17 .04326 

18 .04030 

19 .03589 

20 .03196 

21 .02846 

22 .02535 

23 .02257 

24 .02010 

25 .01790 

26 .01594 

27 .01420 

28 .01264 

29 .01126 

30 .01003 

31 .008928 

32 .007950 

33 .007080 

34 .006350 

35 .005615 

36 .003000 

37 .004453 

38 .003965 

39 .003531 

40 .003145 

.28125 

.265625 

.25 

.234375 

.21875 

.203123 

.1875 

.171875 

.15625 

.140625 

.125 

.109375 

.09375 

.078123 

.0703125 

.0625 

.05625 

.05 

.04375 

.0375 

.034375 

.03125 

.028123 

.025 

.021875 

.01875 

.0171875 

.015625 

.0140625 

.0125 

.0109375 

.01015625 

.009375 

.00859375 

.0078123 

.00703125 

.006640626 

.00623 

.300 

.284 

.259 

.238 

.220 

.203 

.180 

.165 

.148 

.134 

.120 

.109 

.095 

.083 

.072 

.065 

.058 

.049 

.042 

.035 

.032 

.028 

.025 

.022 

.020 

.018 

.016 

.014 

.013 

.012 

.010 

.009 

.008 

.007 

.005 

.004 

I Used for aluminum, copper, brass and nonfer-
rous alloy sheets, wire and rods. 
2 Used for iron, steel, nickel and ferrous alloy 

sheets, wire ttud rods. 
Used for seamless tubes; also by some manu-

facturers for copper and brass. 

Cutting and Bending Sheet Metal 

If a sheet of metal is too large to be cut con-
veniently with a hack saw, it may be marked 
with scrati•hes as deep as possible along the 
line of the cut on both sides of the sheet and 
then clamped in a vise and worked back and 
forth until the sheet breaks at the line. Di, 
not carry the bending too far until the break 
begins to weaken; otherwise the edge of the 
sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 
than the width of the sheet, to hold it in the 
vise will make the job easier. " C "-clamps may 
be used to keep the bars from spreading at the 

ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run-
ning the edge of the metal back and forth over 
the sheet. 

Bends may be made similarly. The sheet 
should be scratched on both sides, but not so 
deeply as to cause it to break. 

Finishing Aluminum 

Aluminum chassis, panels and parts may be 
given a sheen finish by treating them in a caustic 
bath. An enamelled container, such a.s a dishpan 
or infant's bathtub, should be used for the solu-
tion. Dissolve ordinary household lye in cold 
water in a proportion of to 32', can of lye per 
gallon of water. The stronger solution will do the 
job more rapidly. Stir the solution with a stick of 
wood until the lye crystals are complete dissolved. 
Be very careful to avoid any skin contact with 
the solution. It is also harmful to clothing. Suffi-
cient siilittion should be prepared to cover the 
piece comph•tely. When the aluminum is im-
mersed, a very pronounced bubbling takes place 
and ventilation should be priividt'd to disperse 
the escaping gas. A half hour to t two hours in the 
solution should be sufficient, depending upim the 
strength of the sidution and the desired surface. 
Remove the aluminum from the solution with 

sticks and rinse thoroughly in cold water while 
swabbing with a rag to remove the black deposit. 
Then wipe off with a rag soaked in vinegar to 
remove WIN' stubborn stains or fingerprints. (See 
May, 1956, QS7', for a method of coloring and 
anodizing aluminum.) 

Soldering 

The secret of good soldering is in allowing 
time for the joint, as well a.s the solder, to attain 
sufficient temperature. Enough heat should be 
applied so that the solder will melt when it 
comes in contact with the wires being joined, 
without touching the solder to the iron. Always 
use rosin-core solder, never acid-core. Except 
where absolutely necessary, soli ler should never be 
depended upon for the mechanical strength of the 
joint; the wire should be wrapped around the 
terminals or clamped with soldering terminals. 
When soldering crystal diodes or carbon re-

DECIMAL EQUIVALENTS OF FRACTIONS 

1 32  .03125 17 '32  .53125 
I 16  .0623 916  .5625 

3 :12  .09375 19.'32  .59375 
I 8  .125 3 S  .625 

5 32  .15625 21 32  .65625 
3 16  .1875 11 16. ... .6875 

7 32  .21875 23 32  .71875 
I 4  .23 3 4  .75 

it 32   .28123 23 32  .78125 
5 16  .3125 13 16 .....8125 

11 32  .34375 27 32  .84375 
38  .375 78  .875 

13 32  .40625 29 32  .90625 
7 16  .4375 .9375 

13 32  .46575 31 '32  .96875 
I ',   3 1   1.0 
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Soldering 

:Y7441 

(A) ;IH£ 
(B) 

11111111'in 

(c) 
Fig. 20-3—Cable-stripping dimensions for Jones Type 
P-101 plugs. Smaller dimensions are for 1/4 -inch plugs, the 
larger dimensions for 1/2 -inch plugs. As indicated in C, the 
remaining copper braid is wound with bare or tinned wire 
and then tinned, to make a snug fit in the sleeve of the 
plug. Hold a hot iron to the sleeve after the cable is 

inserted to solder the sleeve to the braid. 

sistors in place, especially if the leads have been 
eut short and the resistor is of the small -watt 
size, the resistor lead should he gripped with a 
pair of pliers up close to the resistor so that the 
heat will be conducted away from the resistor. 
Overheating of the resistor while soldering can 
cause a permanent resistance change of as much 
as 20 per cent. Also, mechanical stress will have 
a similar effect, so that a small resistor should 
be mounted so that then. is no appreciable 
mechanical st rain On t he leads. 
Trouble is sometimes experienced in soldering 

to the pins of coil-forms or male cable plugs. It 
helps first to tin the inside of the pins by applying 
soldering paste to the hole, and then flowing 
solder into the pin. Then immediately clear the 
solder from the hot pin by a whipping motion or 
by blowing through the pin from the inside of the 
form or plug. Before inserting the wire in the 
pin, file the nickel plate from the tip. After solder-
ing, round the solder tip off with a file. 
When soldering to sockets, it is a good idea to 

have the tube or coil form inserted to prevent 
solder running down into the socket prongs. It 

Sokier Hole 

Fig. 20-4—Dimensions for stripping 1/2 -inch cable to fit 
Amphenol Type 83-1SP ( PL- 259) plug. 

ne: 

Adapter 

-  

Solder Hole 
Fig. 20-5—Method of assembling 1/4-inch cable, Amphenol 

Type 83-1SP ( PL- 259) plug and adapter. 

also helps to conduct the heat away when solder-
ing to polystyrene sockets, which often soften 
under the heat of the iron. 

Wiring 

The wire used in connecting up amateur equip-
ment should be selected considering both the 
maximum current it will he called upon to handle 
and the voltage its i nsulat ion must stand without 
breakdown. Also, from the consideration of TVI, 
the power wiring of all tr:utsmitters should be 
done with wire that has a br:iided shielding cover. 
Receiver and audio 'i iii inay also require the 
use of shielded wire at some points for stability, 
or the elimination of hum. 

No. 20 stranded wire is commonly used for 
most receiver wiring (except for the high-

-tefetid3-
Fig. 20-6—Stripping dimensions for Amphenol 82-830 
and 82-832 plug-in connectors. The longer exposed braid 

is for the first type. 
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20 - CONSTRUCTION PRACTICES 

(A) WRONG 

(B) RIGHT 

• 

Á  

(C) RIGHT 

Fig. 20-7—Methods of lacing cables. The methoi shown 
at C is more secure, but takes more time than the method 

of B. The latter is usually adequate for most 
amateur requirements. 

frequency circuits) where the current does not 
exceed 2 or 3 amperes. For higher-current heater 
circuits, No. 18 is available. Wire with cellulose 
acetate insulation is good for voltages up to about 
500. For higher voltages, thermoplastic-insulated 
wire should be used. Inexpensive wire strippers 
that make the removal of insulation from hook-up 
wire an easy job are available on the market. 

In eases where power leads have several 
branches in the chassis, it is convenient to use 
fiber-insulated tie points or " lug strips" as 
anchorages or junction points. Strips of this type 
are also useful as insulated supports for resistors, 
r.f. chokes and capacitors. High-voltage wiring 
should have exposed points held to a minimum, 
and those which cannot be avoided should be 
rendered as inaccessible as possible to accidental 
contact or short-circuit. 
Where shielded wire is called for and capaci-

tance to ground is not a factor, Belden type 8885 
shielded grid wire may he used. If capacitance 
must be minimized, it may be necessary to use a 
piece of car-radio low-capacitance lead-in wire, 
or coaxial cable. 
For wiring high-frequency circuits, rigid wire is 

often used. Bare soft-drawn tinned wire, sizes 22 
to 12 (depending on mechanical requirements), 
is suitable. Kinks can be removed by stretching a 
piece 10 or 15 feet long and then cutting into 
short lengths that can be handled conveniently. 
R.f. wiring should be run direct ly from point to 
point with a minimum of sharp bends and the 
wire kept well spaced from the chassis or other 
grounded metal surfaces. Vhere the wiring must 
pass through the chassis or a partition, a clear-
ance hole should be cut and lined with a rubber 
grommet. In case insulation becomes necessary, 
varnished cambric tubing (spaghetti) can be 
slipped over the wire. 

In transmitters where the peak voltage does 
not exceed 2500 volts, the shielded grid wire 
mentioned above should be satisfactory for power 
circuits. For higher voltages, Belden type 8656, 
Birnbach type 1820, or shielded ignition cable can 
be used. In the case of filament circuits carrying 
heavy current, it may be necessary to use No. 10 
or 12 bare or enameled wire, slipped through 
spaghetti, and then covered with copper braid 
pulled tightly over the spaghetti. The chapter 
on TV I shows the manner in which shielded wire 
should be applied. If the shielding is simply slid 
back over the insulation and solder flowed into 
the end of the braid, the braid usually will stay 
in place without the necessity for cutting it back 
or binding it in place. The braid should be 
burnished with sandpaper or a knife so that solder 
will take with a minimum of heat to protect the 
insulation underneath. 

R.f. wiring in transmitters usually follows the 
method described above for receivers with due 
respect to the voltages involved. 

Power and control wiring external to the trans-
mitter chassis preferably should be of shielded 
wire bound into a cable. Fig. 20-7 shows the cor-
rect methods of lacing cables. 
To give a "commercial look" to the wiring of 

any unit, run any cabled leads along the edge of 
the chassis. If this isn't possible, the cabled leads 
should then run parallel to an edge of the chassis. 
Further, the generous use of bakelite tie points 
(mounted parallel to an edge of the chassis), for 
the support of one or both ends of a resistor or 
fixed capacitor, will add to the appearance of the 
finished unit. In a similar manner, "dress" the 
sinall components so that they are parallel to the 
panel or sides of the chassis. 

Winding Coils 

Close-wound coils are readily wound on the 
specified form by anchoring one end of a length 
of wire (in a vise or to a doorknob) and the 
other end to the coil form. Straighten any kinks 
in the wire and then pull to keep the wire under 
slight tension. Wind the coil to the required num-
ber of turns while walking toward the anchor, 
always maintaining the slight tension on the 
wire. 
To space-wind the coil, wind the coil simul-

taneously with a suitable spacing medium (heavy 
thread, string or wire) in the manner described 
above. When the winding is complete, secure the 
end of the coil to the coil-form terminal and then 
carefully unwind the spacing material. If the coil 
is wound under suitable tension, the spacing 
material can be easily removed without disturb-
ing the winding. Finish the space-wound coil by 
judicious applications of Duco cement, to hold 
the turns in place. 

• COMPONENT VALUES 
Values of composition resistors and small 

capacitors (mica and ceramic) are specified 
throughout this Handbook in terms of " pre-
ferred values." In the preferred-number Sy*. 
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Color Codes 

TABLE 20-11 

Standard Component Values 

20% IOU 5% 
T,,Irrance rderanre rdern 

10 10 

12 

15 15 

18 

22 22 

27 

33 33 

39 

47 47 

56 

68 68 

82 

100 100 

II 
12 
13 
15 

22 
21 
27 
31. 

43 
47 
51 
56 
62 
68 
75 
82 
91 
100 

tern, all values represent (approximately) a 
constant-percentage increase over the next 
lower value. The base of the system is the 
number 10. Only two significant figures are 
used. Table 20-II shows the preferred values 
based on tolerance steps of 20, 10 and 5 per 
cent. All other values are expressed by multi-
plying or dividing the base figures given in the 
table by the appropriate power of 10. (For 
example, resistor values of 33,000 ohms, 6800 
ohms, and 150 ohms are obtained by multiply-
ing the base figures by 1000, 10.0, and 10, 
respectively.) 

"Tolerance" means that a variation of plus 
or minus the percentage given is considered 
satisfactory. For example, the act ual resistance 
of a " 4700-ohm" 20-per-cent resistor can lie 
anywhere between 3700 and 5600 ohms, ap-
proximately. The permissible variation in the 
same resistance value with 5-per-cent tolerance 
would be in the range from 4500 to 4900 ohms, 
approximately. 

Only those values shown in the first column 
of Table 20-II are available in 20-per-cent 
tolerance. Additional values, as shown in the 
second column, are available in 10-per-cent 
tolerance; still more values can be obtained in 
5-per-cent tolerance. 

In the component specifications in this 
handbook, it is to be understood that when no 
tolerance is specified the largest tolerance 
available in that value will be satisfactory. 

Values that do not fit into the preferred-
number system (such as 500, 25,000, etc.) 
easily can be substituted. It is obvious, for 
example, that a 5000-ohm resistor falls well 
within the tolerance range of the 4700-ohm 
20-per-cent resistor used in the example above. 

It would not, however, be usable if the toler-
ance were specified as 5 per cent. 

• COLOR CODES 
Standardized color codes are used to mark 

values on small components such as composi-
tion resistors and mica capacitors, and to 
identify leads from transformers, etc. The 
resistor-capacitor number color code is given 
in Table 20-III. 

Fixed Capacitors 

The methods of marking " postage-stamp" 
mica capacitors, molded paper capacitors, 
and tubular ceramic capacitors are shown in 
Fig. 20-8. Capacitors made to American War 
Standards or Joint Army-Navy specifications 

First 
Mica capacitors- :Black  significant figure 

(A WS paper rnpm,tors--i Second 
ever) Foal heant figure 

(> 0) c> 0 0 0 
Chataderistic L Decimal mull/peep 

 Tolerance 

AWS and JAN fixed capacitas 

First 
significant figure 

Second   
Significant figure 

EIA 3-dol 500-vol20';¡3 tolerance only 

Decimal 
multiplier 

  Second 
First significant figuro 

significant firrel  Third 
 sirificant figur-e 

Yoltaye ratin 

Temperature coefficient 

0 0 0 
A 1  

L Decimal multiplier 
Tolerance 

EIA 6-dot 

— A-First significant figure 

r
—eSecond significant figure 
t-Decimal multiplier 
D-Capacitance tolerafica 

Fixed ceramic capacitors 

Fig. 20-8—Color coding of fixed mica, molded paper 
and tubular ceramic capacitors. The color code for mica 
and molded paper capacitors is given in Table 20-III. 

Table 20-IV gives the color code for tubular 
ceramic capacitors. 
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20 - CONSTRUCTION PRACTICES 

are marked with the 6-dot code shown at the 
top. Practically all surplus capacitors are in 
this category. The 3-dot EIA code is used for 
capacitors having a rating of 500 volts and 
±20% tolerance only; other ratings and 
tolerances are covered by the 6-dot ETA code. 

Examples: A capacitor with a 6.dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; bottom row, right to left, 
brown, silver, red. Since the first color in the top 
row is black (significant figure zero) this is the 
A WS code and the capacitor has mica dielectric. 
The significant figures are 4 and 7, the decimal 
multiplier 10 (brown, at right of second row), 
so the capacitance is 470 µ5f. The tolerance is 

10%. The final color, the characteristic, deals 
with temperature coefficients and methods of 
testing (see Table 20-V on page 505). 
A capacitor with a 3-dot code has the follow-

ing colors, left to right: brown, black, red. The 
significant figures are 1,0 ( 10) and the multiplier 
is 100. The capacitance is therefore 1000 puf. 
A capacitor with a 6-dot code has the fol-

lowing markings: Top row, left to right, brown, 
black, black; bottom row, right to left, black, 
gold, blue. Since the first color in the top row is 
neither black nor silver, this is the E1A code. 
The significant figures are 1, 0. 0 ( 100) and the 
deciinal multiplier is 1 (black). The capacitance 
is therefore 100 put. The gold dot shows that 
the tolerance is .5% and the blue dot indicates 
600-volt rating. 

Ceramic Capacitors 

Conventional markings for ceramic capaci-
tors are shown in the lower drawing of Fig. 20-8. 
The colors have the meanings indicated in 
Table 20-IV. In practice, dots may be used 
instead of the narrow bands indicated in Fig. 
20-8. 

Example: A ceramic capacitor has the fol-
lowing markings: Broad band, violet; narrow 
bands or clots, green, brown, black, green. The 
significant figures are 5, 1 (51) and the decimal 
multiplier is 1, so the capacitance is 51 mwf. 
The temperature coefficient is — 750 parts per 
million per degree C., as given by the broad 
band, and the capacitance tolerance is 5%. 

Fixed Composition Resistors 

Composition resist ors (including small wire-
wound units molded ill eases identical with the 
composition t vpe ) are color-coded as shown in 
Fig. 20-9. Colored hands are used on resistors 
laving axial leads; on radial-lead resistors tilt 

Col.r 

black 
Brown 
Ited 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 
Silver 
No color 

TABLE 20-Ill 

Resistor-Capacitor Color Code 

Siallificant Decimal T.,lera ace mge 
;-) Rat  

o 1 
1 10 1* 100 
2 100 2* 200 
3 1000 3* 300 
4 10,000 4* 400 
5 100,000 5* 500 
6 1,000,000 6* 600 
7 10,000.000 7* 700 
8 100,000,00() 8* 800 
9 1,000,000.000 9* 90i) 

0.1 5 1000 
(1.01 10 2000 

20 500 

Figure 11 Je 1 tiplier 

* Applies to capacitors only. 

- MHE  
in\ 

fixed composition resistors 

Fig. 20-9--Color coding of fixed composition resistors 
The color code is given in Table 20-III. The colored areas 
have the following significance: 

A—First significant figure of resistance in ohms. 

2—Second significant figure. 

C—Decimal multiplier. 
0—Resistance tolerance in per cent. If no color is shown 

the tolerance is 20%. 

colors are placed as shown in the drawing. 
When bands are used for color coding the body 
color has no significance. 

Examples: A resistor of the type shown in the 
lower drawing of Fig. 20-9 has the following 
color bands: A. red; 13, red; C. orange; D, no 
color. The significant figures are 2, 2 (22) and the 
decimal multiplier is 1000. The value of resist-
ance is therefore 22.000 ohms and the tolerance 
is ± 20, 
A resistor of the type shown in the upper draw-

ing has the following colors: body (A), blue; 
end ( B), gray; dot. red; end ( D), gold. The 
significant figures are 6, 8 ( 68) and the decimal 
multiplier is 100. so the resistance is 6800 ohms. 
The tolerance e, 

I. F. Transformers 

Blue — plate lead. 
Red — "B" ± lead. 
Green — grid (or diode) lead. 
Black — grid (or diode) return. 

NOTE: If the secondary of the i.f.t. is center-
tapped, the second diode plate lead is green-
and-black striped, and black is used for the 
center-tap lead. 

TABLE 20-IV 

Color Code for Ceramic Capacitors 

Capacitance Tolerance 
Temp. Cod'. 

Color 
Significant 

Figure 
Decimal 

Multiplier 
If ore than 
10 tiiif. 

Less than 
10 itikl. 

p.p.m./de 
C. 

(in e,;,) (in guf.) 

Black 0 1 w 20 2.0 0 
Brown 1 10 * 1 —30 
Red 2 100 * 2 —80 
Orange 3 1000 — 150 
Yellow 4 —220 
Green 5 * 5 0.5 —330 
Blue 8 — 470 
Violet 7 —750 
Gray 8 0 01 0.25 30 
White 9 0.1 * 10 1.0 500 
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Color Codes 

PILOT-LAMP DATA 

RATING 
Lamp Read Rase Bulb 
No. Color (Miniature) Type 

Volts Amp. 

10 Brown Screw T-3g 6-8 0.15 

10Al Brown Bayonet T-3 g 6-8 0.15 

41 White Screw T-3 g 2.5 0.5 

12 Green Screw T-3 g 3.2 ** 

13 White Bayonet T-3 g 2.5 0.5 

14 Blue Bayonet T-3 g 6-8 0.25 

45 * Bayonet T-3 g 3.2 ** 

16 ,, Blue Screw T-3 g 6-8 0.25 

47 , Brown Bayonet T-3% 6-9 0.15 

48 Pink Screw T-3 g 2.0 0.06 

491 Pink Bayonet T-3 g 2.0 0.06 

1 White Screw T-3 g 2.1 0.12 

49A White Bayonet T-3 g 2.1 0.12 

50 White Screw 0-3% 6-8 0.2 

S1 ,, White Bayonet G-3% 6-8 0.2 

- White Screw G-4% 6-8 0.4 

55 White Bayonet G-4% 6-8 0.4 

292' White Screw T-3 g 2.9 0.17 

292A White Bayonet T-3 y& 2.9 0.17 

1105 Brown Screw G-5 18.0 0.25 

1455A Brown Bayonet G-5 18.0 0.25 

1 40A and 47 are interchangeable. 
, Have frosted bulb. 
I 49 and 49A are interchangeable. 

1 Replace with No. 48. 
, Use in 2.5-volt sets where regular bulb burns out 

too frequently. 
*White in G.E. and Sylvania; green in National 

Union, Raytheon and Tung-Sol. 
"0.35 in G.E. and Sylvania; 0.5 in National Union, 

Itaytheon and Tung-Sol. 

TABLE 20-V 

Capacitor Characteristic Code 

Color 
Sixth 
Dot 

Temperature 
Coefficient 

epin./deg. C. 

Capacitance 
Drift 

Black 
Brown 
Red 
Orange 
Yellow 
Green 

* 1000 
500 

+ 200 
+ 100 
- 20 to -1- 100 
0 to -1- 70 

.-/% -1- 1 u0f. 
w 3:-; ± I 00f. 
* 0.5‘:;-

0.3;; 
. 0.1;; -I- 0.1 yi.,f. 
* 0.05'.¡ + 0.1 µµf. 

A.F. Transformers 

Blue - plate (finish) lead of primary. 
Red - " B" + lead ( this applies whether the 

primary is plain or center-tapped). 
Brown - plate (start) lead on center-tapped 

primaries. ( Blue may be used for this lead if 
polarity is not important.) 

Green - grid (finish) lead to secondary. 
Black - grid return (this applies whether the 
secondary is plain or center-tapped). 

Yellow - grid (start) lead on center-tapped 
secondaries. (Green may be used for this 
lead if polarity is not important.) 

NOTE: These markings apply also to line-to-
grid and tube-to-line transformers. 

Loudspeaker Voice Coils 

Green - finish. 
Black - start. 

Loudspeaker Field Coils 

Black and Red - start. 
Yellow and Red - finish. 
Slate and Red - tap (if any). 

Power Transformers 

1) Primary Leads Black 
If tapped: 

Common Black 
Tap  . Black and Yellow Striped 
Finish Black and Red Striped 

2) High-Voltage Plate Winding Red 
Center-Tap . Red and Yellow Striped 

3) Rectifier Filament Winding  Yellow 
Center-Tap.. Yellow and Blue Striped 

4) Filament Winding No  1 . Green 
Center-Tap. . Green and Yellow Striped 

5) Filament Winding No. 2 Brown 
Center-Tap. Brown and Yellow Striped 

6) Filament Winding No. 3 Slate 
Center-Tap...Slate and Yellow Striped 
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COPPER-WIRE TABLE 

Turns periGinearInch 2 TurnsperSquarcInch 2 FeelperM. Curma 

Wire Dian,. Circular 
Ohms Carrying ,  Nearca 

Size Per "Paciln-, ihsant. British 
A.we . 
(IldcS) 

in 
Mils' 

lifil 
Area Enamel S.S.C. 

D.S.C.6 
or D.C.C. .C.C.; S.C.C. 

Enamel 
D.C.C. Bare D.C.C. 

1000 ft. 
WC. 

a t 

4700 C.M.&C.C. 
in nun. SAV.G 

No. 
S.C.C.6 Pe* 

/Inge 

1 289.3 83690 -- -- -- -- -- -- 3.947 -- .1264 119.6 7.348 1 
2 257.6 66370 -- -- -- -- -- -. -- 4.977 -- .1593 94.8 6.544 3 
3 229.4 52640 -- -- -- -- -- -- -- 6.276 -- .2009 75.2 5.827 4 
4 204.3 41740 -- -- -- -- -- -- 7.914 -- .2533 59.6 5.189 5 

181.9 33100 -- -- -- -- -- -- -- 9.980 -- .3195 47.3 4.621 7 
s; 162.0 26250 -- -- -- -- -- 12.58 -- .4028 37.5 4.115 8 
7 144.3 20820 -- -- -- -- -- -- 15.87 -- .5080 29.7 3.665 9 
8 128.5 16510 7.6 -- 7.4 7.1 -- -- 20.01 19.6 .6405 23.6 3.264 10 
9 114.4 13090 8.6 -- 8.2 7.8 -- -- -- 25.23 24.6 .8077 18.7 2.906 11 
10 101.9 10380 9.6 -- 9.3 8.9 87.5 84.8 80.0 31.82 30.9 1.018 14.8 2.588 12 
11 90.74 8234 10.7 -- 10.3 9.8 110 105 97.5 40.12 38.8 1.284 11.8 2.305 13 
12 80.81 6530 12.0 -- 11.5 10.9 136 131 121 50.59 48.9 1.619 9.33 2.053 14 
13 71.96 5178 13.5 -- 12.8 12.0 170 162 150 63.80 61.5 2.042 7.40 1.828 15 
14 64.08 4107 15.0 -- 14.2 13.8 211 198 183 80.44 77.3 2.575 5.87 1.628 16 
15 57.07 3257 16.8 -- 15.8 14.7 262 250 223 101.4 97.3 3.247 4.65 1.450 17 
16 50.82 2583 18.9 18.9 17.9 16.4 321 306 271 127.9 119 4.094 3.69 1.291 18 
17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 150 5.163 2.93 1.150 18 
18 40.30 1624 23.6 23.6 22.0 19.8 493 454 399 203.4 188 6.510 2.32 1.024 19 
19 35.89 1288 26.4 26.4 24.4 21.8 592 553 479 256.5 237 8.210 1.84 .9116 20 
20 31.96 1022 29.4 29.4 27.0 23.8 775 725 625 323.4 298 10.35 1.46 .8118 21 
21 28.46 810.1 33.1 32.7 29.8 26.0 940 895 754 407.8 370 13.05 1.16 .7230 22 
22 25.35 642.4 37.0 36.5 34.1 30.0 1150 1070 910 514.2 461 16.46 918 .6438 23 
23 22.57 509.5 41.3 40.6 37.6 31.6 1400 1300 1080 648.4 584 20.76 .728 .5733 24 
24 20.10 404.0 46.3 45.3 41.5 35.6 1700 1570 1260 817.7 745 26.17 .577 .5106 25 
25 17.90 320.4 51.7 50.4 45.6 38.6 2060 1910 1510 1031 903 33.00 .458 .4547 26 
26 15.94 254.1 58.0 55.6 50.2 41.8 2500 2300 1750 1300 1118 41.62 .363 .4049 27 
27 14.20 201.5 64.9 61.5 55.0 45.0 3030 2780 2020 1639 1422 52.48 .288 .3606 29 
28 12.64 159.8 72.7 68.6 60.2 48.5 3670 3350 2310 2007 1759 66.17 .228 .3211 30 
29 11.26 126.7 81.6 74.8 65.4 51.8 4300 3900 2700 2607 2207 83.44 .181 .2859 31 
30 10.03 100.5 90.5 83.3 71.5 55.5 5040 4660 3020 3287 2534 105.2 .144 .2516 33 
31 8.928 79.70 101 92.0 77.5 59.2 5920 5280 -- 4145 2768 132.7 .114 .2268 34 
32 7.950 63.21 113 101 83.6 62.6 7060 6250 -- 5227 3137 167.3 .090 .2019 36 
33 7.080 50.13 127 110 90.3 66.3 8120 7360 -- 6591 4697 211.0 .072 .1798 37 
34 6.305 39.75 143 120 97.0 70.0 9600 8310 -- 8310 6168 266.0 .057 .1601 38 
35 5.615 31.52 158 132 104 73.5 10900 8700 -- 10480 6737 335.0 .045 .1426 38-3( 
36 5.000 25.00 175 143 111 77.0 12200 10700 -- 13210 7877 423.0 .036 .1270 39-4( 
37 4.453 19.83 198 154 118 80.3 -- -- -- 16660 9309 533.4 .028 .1131 41 
38 3.965 15.72 224 166 126 83.6 -- -- -- 21010 10666 672.6 .022 .1007 42 
39 3.531 12.47 248 181 133 86.6 -- -- -- 26500 11907 848.1 .018 .0897 43 
40 3.145 9.88 282 194 140 89.7 -- -- -- 33410 14222 1069 .014 .0799 44 

1 A mil is 1/1000 (one-thousandth) of an " nch. 2 The figures given are approximate only. since the thickness of the insulation varies with different manufacturers. 3 700 circular 
mils per ampere is a satisfactory design figure for small transformers. but values from 500 to 1000 C.M. are commonly used. For 1000 (7.111./amp. divide the circular mil area (third 
column) by 1000; for 300 C.M./amp. divide circular mil area by 500. 4 Single silk-covered. 5 Double silk-covered. 6 Single cotton-covered. 7 Double cotton-covered. 

S
3
D
I
Z
D
V
I
l
d
 
N
O
I
I
D
I
I
H
I
S
N
O
D
—
 O
g
 



CHAPTER 21. 

Measurements 

It is practically impossible to operate an 
amateur station without making measurements 
at one time or another. Although quite crude 
measurements often will suffice, more refined 
equipment and methods will yield more and 
better information. With adequate information 
at hand it becomes possible to adjust a piece of 
equipment for optimum performance quickly 
and surely, and to design circuits along estab-
lished principles rather than depending on cut-
and-t ry. 

Measuring and test equipment is valuable 
during construction, for testing components 
before installation. It is pract ically indispensable 
in the initial adjustment of radio gear, not only 
for establishing operating values but also for 
tracing possible errors in wiring. It is likewise 
needed for locating breakdowns and defective 
components in existing equipment. 
The basic measurements are those of current, 

voltage, and frequency. Determination of the 
values of circuit elements — resistance, induct-
ance and capacitance — are almost equally im-

portant. The inspection of waveform in audio-
frequency circuits is highly useful. For these pur-
poses there is available a wide assortment of in-
struments, both complete and in kit form; the 
latter, particularly, compare very favorably in 
cost with strictly home-built instruments and are 
frequently more satisfactory both in appearance 
and calibration. The home-built instruments 
described in this chapter are ones having features 
of particular usefulness in amateur applications, 
and not ordinarily available commercially. 

In using any instrument it should always be 
kept in mind that the accuracy depends not only 
on the inherent accuracy of the instrument itself 
(which, in the case of commercially built units is 
usually within a few per cent, and in any event 
should be specified by the manufacturer) but 
also the conditions under which the measure-
ment is made. Large errors can be introduced by 
failing to recognize the existence of conditions 
that affect the instrument readings. This is par-
ticularly true in certain types of r.f. measure-
ments, where stray effects are hard to eliminate. 

Voltage, Current, and Resistance 

• D.C. MEASUREMENTS 
A direct-current instrument — voltmeter, am-

meter, milliammeter or microammeter — is a 
device using electromagnetic means to deflect a 
pointer over a calibrated scale in proportion to 
the current flowing. In the D'Arsonval type a 
coil of wire, to which the pointer is attached, is 
pivoted between the poles of a permanent mag-
net, and when current flows through the coil it 
causes a magnetic field that interacts with that 
of the magnet to cause the coil to turn. The 
design of the instrument is usually such as to 
make the pointer deflection directly proportional 
to the current. 
A less expensive type of instrument is the 

moving-vane type, in which a pivoted soft-iron 
vane is pulled into a coil of wire by the magnetic 
field set up when current flows through the coil. 
The farther the vane extends into the coil the 
greater the magnetic pull on it, for a given 
change in current, so this type of instrument does 
not have "linear" deflection — that is, the scale 
is cramped at the low-current end and spread out 
at the high-current end. 
The same basic instrument is used for measur-

ing either current or voltage. Good-quality in-
struments are made with fairly high sensitivity — 

that is, they give full-scale pointer deflection 
with very small currents — when intended to be 
used as voltmeters. The sensitivity of instru-
ments intended for measuring large currents can 
be lower, but a highly sensitive instrument can 
be, and frequently is, used for measurement of 
currents much greater than needed for full-scale 
deflection. 

Panel-mounting instruments of the D'Arsonval 
type will give a smaller deflection when mounted 
on iron or steel panels than when mounted on 
nonmagnetic material. Readings may be as 
much as ten per cent low. Specially calibrated 
meters should be obtained for mounting on such 
panels. 

• VOLTMETERS 
Only a fraction of a volt is required for full-

scale deflection of a sensitive instrument (1 mil-
liampere or less full scale) so for measuring volt-
age a high resistance is connected in series with 
it, Fig. 21-1. Knowing the current and the resist-
ance, the voltage can easily be calculated from 
Ohm's Law. The meter is calibrated in terms of 
the voltage drop across the series resistor or 
multiplier. Practically any desired full-scale 
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SHUNT 

fig. 21-1—How voltmeter multipliers and milliammeter 
shunts are connected to extend the range of a d.c. meter. 

voltage range can be obtained by proper choice of 
multiplier resistance, and voltmeters frequently 
have several ranges selected by a switch. 
The sensitivity of the voltmeter is usually ex-

pressed in ' ohms per volt. - A sensitivity of 1000 
ohms per volt means that the resistance of the 
voltmeter is 1000 times the full-scale voltage, 
and bv(ti in's Law the current required for full-
scale till 'it ion is I milliampere. A sensitivity of 
20.000 ohms ! ter vi lt. another commonly used 
value. means that the instrument is a 50-micro-
ampere met (q'. The higher the resistance of the 
voltmeter the more accurate the measurements 

100v 

250V 
FULL 
SCALE 

150K 
250V 

MA 

1000 ^/v METER READS APP 81v 

20K ̂ Iv METER READS APP 98V 

11 MEG METER READS APP 99V 

Fig. 21-2—Effect of voltmeter resistance on accuracy of 
readings. It is assumed that the d.c. resistance of the 
screen circuit is constant at 100 kilohms. The actual 
current and voltage without the voltmeter connected 
are 1 ma. and 100 volts. The voltmeter readings will 
differ because the different types of meters draw differ-
ent amounts of current through the 150-kilohm resistor. 

in high-resistance circuits. This is because the 
current flowing through the voltmeter will cause 
a change in the voltage bet ween the pohils avross 
which the meter is connected, compared with 
the voltage with the meter absent, as shown in 
Fig. 21-2. 

Multipliers 

The required multiplier resistance is found by 
dividing the desired full-scale voltage by the cur-
rent, in amperes, required for full-scale deflection 
of the meter alone. Strictly, the it tensal resist-
ance of the meter should is' subt rail eel from the 
value Si) found, Imt this is selc loi s necessary (ex-
('opt perhaps for very low ranges) because the 
te•ter resistance will Ise ¡ il gligibly small compared 
with the multiplier resistance. An exception is 
when the instrument is already provided with an 
internal multiplier, in %Odell case the multiplier 
resistance required to extend the range is 

R = R.(n — 1) 

where R is the multiplier resistance, is the 
total resistance of the instrument itself, and n is 
the factor by which the scale is to be multiplied. 
For example, if a 1000-ohms-per-volt voltmeter 
having a calibrated range of 0-10 volts is to be 
extended to 1000 volts, R. is 1000 X 10 = 
10,000 ohms, n is 1000/1.0 = 100, and R = 
10,000(100-1) = 990,000 ohms. 

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be 
found by Ohm's Law: 

1000E 
— 

where E is the desired full-scale voltage and / 
the full-scale reading of the instrument in 
milliamperes. 

Accuracy 

The accuracy of a voltmeter depends on the 
calibration accuracy of the instrument itself and 
the accuracy of the multiplier resistors. (lood• 
quality instruments are generally rated for an 
accuracy within plus or minus 2 per cent. This is 
also the usual accuracy rating of the basic meter 
movement. 

Whets extending the range of a voltmeter or 
converting a low-range milliammeter into a volt-
meter the rated accuracy of the instrument is 
retained only when the multiplier resistance is 
precise. Precision wire-wotin(I n.sistors are used 
in the multipliers of high-quality instruments. 
These are relatively expensive, but the home 
constructor can do quite well with 1% tolerance 
composition resistors. They should be "derated" 
when used for this purpose — that is, the : set ual 
power dissipated in the resistor should not be 
more than 4 to !.; the rated dissipation — and 
care should be used to avoid overheating the 
body of the resistor when soldering to the leads. 
These prenstithsis will help prevent permanent 
change in the resist anee of the unit. 

Ordinary composition resistors are generally 
furnished in 10% or 5% tolerance ratings. If 
possible errors of this order can be accepted, 
resistors of this type may be used as multipliers. 
They should he operated below the rated power 
dissipation f g tn., in the inter.-ts of long-time 
stability. 

e MILLIAMMETERS AND AMMETERS 
A microammeter or call be used 

to measure currents larger thln its full-scale 
reading by connecting a resit: 't' shunt across 
its terminals as shown in Fig. 21-I. Part of the 
current flows through the shunt and part through 
the meter. Knowing the meter resistance and 
the shunt resistance, the relative currents can 
easily be calculated. 
The value of shunt resistance required for a 

given full-scale current range is given by 

R = 
n — 1 

where R is the shunt, R,fl is the internal resistance 
of the meter, and n is the factor by which the 

R. 
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original meter scale is io 1.K. multiplied. 'file in-
ternal resistance of a milliammeter is preferably 
determined from the manufacturer's catalog, but 
if this information is not available it can be 
measured by the method shown in Fig. 21-3. 
Do not attempt to use an ohmmeter to measure 
the internal resistance of a milliammeto . 1.; the 
instrument may be ruined by doing so. 
Homemade milliammeter shunts can be con-

structed from any of the various special kinds 
of resistance wire, or from ordinary copper 
wire if no resistance wire is available. The Copper 
Wire Table in this Handbook gives the resist-
ance per 1000 feet for various sizes of copper 
wire. After computing the resistance required, 
determine the smallest wire size that %yin carry 
the full-scale current (250 circular mils per am-
pere is a satisfactory figure for this purpose). 

Fig. 21-3—Determining the internal resistance of a 
milliammeter or microammeter. Ri is an adjustable resis-
tor having a maximum value about twice that necessary 
for limiting the current to full scale with R2 disconnected; 
adjust it for exactly full-scale reading. Then connect R2 
and adjust it for exactly half-scale reading. The resist-
ance of R2 is then equal to the internal resistance of the 
meter, and the resistor may be removed from the circuit 
and measured separately. Internal resistances vary 
from a few ohms to several hundred ohms, depending 

on the sensitivity of the instrument. 

Measure off enough wire to provide the required 
resistance. Accuracy can be checked by causing 
enough current to flow through the meter to 
make it read full scale without the shunt; con-
necting the shunt should then give the correct 
reading on the new range. 

Current Measurement 
with a Voltmeter 

A current-measuring instrument should have 
very low resistance compared with the resistance 
of the circuit being measured; otherwise, insert-
ing the instrument will cause the current to 
differ from its value with the instrument out of 
the circuit. (This may not matter if the instru-
ment is left permanently in the circuit.) How-
ever, the resistance of many circuits in radio 
equipment is quite high and the circuit operation 
is affected little, if at all, by adding as much as a 
few hundred ohms in series. In such cases the 
voltmeter method of measuring current, shown in 
Fig. 21-4, is frequently convenient. A voltmeter 
— or low-range milliammeter provided with a 
multiplier and operating as a voltmeter — having 
a full-scale voltage range of a few volts, is used to 
measure the voltage drop across a compara-

MULTIPLIER 

SHUNT 

Fig. 21-4—Voltmeter method of measuring current. This 
method permits using relatively large values of resistance 
in the shunt, standard values of fixed resistors frequently 
being usable. If the multiplier resistance is 20 (or more) 
times the shunt resistance, the error in assuming that all 
the current flows through the shunt will not be of conse-

quence in most practical applications. 

tively high resistance acting as a shunt. The 
formula previously given is used for finding the 
proper value of shunt resistance for a given 
scale-multiplying factor, R. in this case being 
the multiplier resistance. 

D. C. Power 

Power in direet-eurrent eirpnits is determined 
by measuring the current and voltage. When 
these are known, the power is equal to the voltage 
in volts multiplied by the current in amperes. If 
the current is measured with a milliammeter, the 
reading of the instrument must be divided by 
1000 to convert it to amperes. 

• RESISTANCE MEASUREMENTS 
Measurement of d.c. resistance is based on 

measuring the current through the resistance 
when a known voltage is applied, then using 
Ohm's Law. A simple circuit is shown in Fig. 21-5. 

Fig. 21-5—Measuring resistance with a voltmeter and 
milliammeter. If the approximate resistance is known the 
voltage can be selected to cause the milliammeter, MA, 
to read about half scale. If not, additional resistance 
should be first connected in series with R to limit the 
current to a safe value for the milliammeter. The set-up 
then measures the total resistance, and the value of R 
can be found by subtracting the known additional re-

sistance from the total. 

The internal resistance of the ammeter or milliam-
meter, MA, should be low compared with the re-
sistance, R, being measured, since the voltage 
read by the voltmeter, V, is the voltage across 
MA and R in series. The instruments and the (I.e. 
voltage should be chosen so that the readings are 
in the upper half of the scale, if possible, since the 
percentage error is less in this region. 
An ohmmeter is an instrument consisting 
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fundamentally of a voltmeter (or millitunmeter, 
depending on the circuit used) and a small dry 
battery as a source of d.c. voltage, calibrated so 
the value of an unknown resistance can be read 
directly from the scale. Typical ohmmeter cir-
cuits are shown in Fig. 21-6. In the simplest type, 
shown in Fig. 2I-6A, the meter and battery are 
connected in series with t he unknown resistance. 
If a given deflection is obtained with terminals 
A-B shorted, inserting the resistance to be meas-
ured will cause the meter reading to decrease. 
When the resistance of the voltmeter is known, 
the following formula can be applied: 

eR. 
= — — 
E 

where R is the resistance under measurement, 

e is the voltage applied (A-B shorted), 

E is the voltmeter reading with R con-
nected, and 

R„, is the resistance of the voltmeter. 

The circuit of Fig. 21-6A is not suited to 
measuring low values of resistance (below a 
hundred ohms or so) with a high-resistance 
voltmeter. For such measurements t he circuit 
of Fig. 21-6B can be used. The millitunmeter 
should be a 0-1 ma. instrument. and RI should 
be equal to the battery voltage, e, multiplied 
by 1000. The unknown resistance is 

R —   
— /2 

where R is the unknown, 

11,„ is the internal resistance of the mil-
liammeter, 

It is the current in ma. with R discon-
nected from terminals A-B, and 

12 is the current in ma. with le connected. 

The formula is approximate, but the error will 
be negligible if e is at least 3 volts so that RI is 
at least 3000 ohms. 
A third circuit for measuring resistance is 

shown in Fig. 21-6C. In this case a high-resist-
ance voltmeter is used to measure the voltage 
drop across a reference resistor, 112, when the 
unknown resistor is connected so that current 
flows t } trough it, /12 and the hat tery in series. By 
suitable choice of /12 (low values for low resist.-
ance, high values for high-resistance unknowns) 
this circuit will give equally good results on all 
resistance values in the range from one ohm to 
several megohms, provided that the voltmeter 
resistance, R,,,, is always very high (50 times or 
more) compared with the resistance of R2. A 
20,000-ohms-per-volt instrument (50-mamp. move-
ment) is generally used. Assuming that the 
current through the voltmeter is negligible com-
pared with the current through /12, the formula 
for the unknown is 

R2 
R = e — — R2 

E 

(A) 

(B) 

(0) 

Fig. 21-6—Ohmmeter circui s. Values are discussed in 

the text. 

where /1 and R2 are as shown in Fig. 21-6C, 

e is the voltmeter reading with A-B 
shorted, and 

E is the voltmeter reading with R con-
nected. 

The " zero adjuster," RI, is used to set the 
voltmeter reading exactly to full scale when the 
meter is calibrated in ohms. A 10,(100-ohm 
variable resistor is suitable with a 20,000-
ohms-per-volt meter. The battery voltage is 
usually 3 volts for ranges up to 100,000 ohms 
or so and 6 volts for higher ranges. 

A. C. Measurements 

Several types of instruments are avail:11de for 
measurement of low-frequency alternating cur-
rents and voltages. The better-grade panel instru-
ments for power-line frequencies are of the 
dynamometer type. This compares with the 
D'Arsonval movement used for d.e. measure-
ments, but instead of a permanent magnet the 
dynamometer movement has a field coil which, 
together with the moving coil, is connected to 
the a.c. source. Thus t moving coil is urged to 
turn in the same din.ct ion on both halves of the 
a.c. cycle. 

Moving-vane type instruments, described ear-
lier, also are used for a.c. measurements. This is 
possible because the pull exerted on the vane is 
in the same direction regardless of the direction 
of current through the coil. The calibration of a 
moving-vane instrument on a.c. will, in general, 
differ from its d.c. calibration. 

For measurements in the audio-frequency 
range, and in applications where high impedance 
is required, the rectifier-type a.c. instrument is 
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generally used. This is essentially a sensitive 
d.c. meter, of the type previously described, pro-
vided with a rectifier for converting the a.c. to 
d.c. A typical rectifier-type voltmeter circuit is 
shown in Fig. 21-7. The half-wave meter rectifier, 
Chi, is frequently of the eopper-oxide type, but 
crystal diodes can be used. Such a rectifier is not 
"perfect" — that is, the application of a voltage 
of reversed polarity will result in a small current 
flow — and so CR2 is used for eliminating the 
effect of reverse current in the meter circuit. It 
does this by providing a low-resistance path 
across CR1 and the meter during the a.c. alter-
nations when ('Ri is not conducting. 

o 

o 

MULTIPLIER 
CR, 

Fig. 21-7—Rectifier type a.c voltmeter circuit, with 
"linearizing" resistor and diode for back-current cor-

rection. 
Resistor R2 shunted across M I is used for im-

proving the linearity of the circuit. The effective 
resistance of the rectifier decreases with increas-
ing current, leading to a calibration scale with 
nonuniform divisions. This is overcome to a 
considerable extent by "bleeding" several times 
as mueh current through 112 as flows through Mi 
so the rectifier is always carrying a fairly large 
current. 

Because of these expedients and the fact that 
with half-wave rectification the average current 
is only 0.15 times the r.m.s. value of a sine wave 
producing it, the impedance of a rectifier-type 
voltmeter is rather low compared with the re-
sistance of a d.c. voltmeter using the same meter. 
Values of 1000 ohms per volt are representative, 
when the d.c. instrument is a 0-200 micro-
ammeter. 
The d.c. instrument responds to the average 

value of the rectified alternating current. This 
average current will vary with the shape of the 
a.c. wave applied to the rectifier, and so the 
meter reading will not be the same for different 
wave forms having the same maximum values or 

CI, Ca-0.002- to 0.005-pf. mica. 
C2-0.01 pf., 1000 to 2000 volts, 

paper or mica. 
megohm, 1/2 watt. 

R2 tO Ru, inc.—To give desired voltage 
ranges, totaling 10 megohms. 

Rn, RT-2 to 3 megohms. 
118- 10,000-ohm variable. 
Ru, R10-2000 to 3000 ohms. 
Ru-5000- to 10,000-ohm control. 
R12-10,000 to 50,000 ohms. 
Rus, Ria—App. 25,000 ohms. A 

50,000-ohm slider- type 
wire-wound can be used. 

Ru-10 megohms. 
Rin-3 megohms. 
RIT-10-megohm variable. 
M-0-200 pomp. to 0-1 ma. range. 
V1—Dual triode, 6SN7 or 12AU7. 
V2—Dual diode, 6116 or 6AL5. 

the same r.m.s. values. Hence a "wave-form 
error" is always present unless the a.c. wave is 
very closely sinusoidal. The actual calibration 
of the instrument usually is in terms of the r.m.s. 
value of a sine wave. 
Modern rectifier-type a.e. voltmeters are capa-

ble of good accuracy, within the wave-form 
limitations mentioned above, throughout the 
audio-frequency range. 

• COMBINATION INSTRUMENTS — 
THE V.O.M. 

Since the same basic instrument is used for 
measuring current, voltage and resistance, the 
three functions can readily he combined in one 
unit using a single meter. Va rious models of the 
"v.o.m." (volt-ohm-millianuneter) are available 
commercially, both completely assembled and 
in kit form. The less expensive ones use a 0-1 
milliammeter as the basic instrument, providing 
voltmeter ranges at 1000 ohms per volt. The 
more elaborate meters of this type use a micro-
ammeter — 0-50 microamperes, frequently — 
with voltmeter resistances of 20,000 ohms per 
volt. With the more sensitive instruments it is 
possible to make resistance measurements in the 
megohms range. A.c. voltmeter scales also are 
frequently included. 
The v.o.m., even a very simple one, is among 

the most useful instruments for the amateur. 
Besides current and voltage measurements, it 
can be used for checking continuity in circuits, 
for finding defective components before installa-
tion — shorted capacitors, open or otherwise de-
fective resistors, etc. — shorts or opens in wiring, 
and many other cheeks that, if applied during the 
construction of a piece of equipment, save much 
time and trouble. It is equally useful for serv-
icing, when a component fails during operation. 

o THE VACUUM-TUBE VOLTMETER 
The usefulness of the vacuum-tube voltmeter 

(v.t.v.m.) is based on the fact that a vacuum tube 
can amplify without taking power from the source 
of voltage applied to its grid. It is therefore pos-
sible to have a voltmeter of extremely high resist-

Fig. 21-8—Vacuum-tube voltmeter circuit. 
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ance, and thus take negligible current from the 
circuit under measurement, without using a d.c. 
instrument of exceptional sensitivity. 
The v.t.v.m. has the disadvantage that it re-

quires a source of power for its operation, as com-
pared with a regular d.c. instrument. Also, it is 
susceptible to r.f. pick-up when working around 
an operating transmitter, unless well shielded 
and filtered. The fact that one of its terminals is 
grounded is also disadvantageous in some cases, 
since a.c. readings in particular may be inaccu-
rate if an attempt is made to measure a circuit 
having both sides " hot" with respect to ground. 
Nevertheless, die high resistance of the v.t.v.m. 
more than compensates for these disadvantages, 
especially since in the majority of measurements 
they do not apply. 

While there are several possible circuits, the 
one commonly used is shown in Fig. 21-8. A dual 
triode, I71, is arranged so that, with no voltage 
applied to the left-hand grid, equal currents flow 
through both sections. Under this condition the 
two cathodes are at the same potential and no 
current flows through M. The currents can be ad-
justed to balance by potentiometer Rn, which 
takes care of variations in the tube sections and 
in the values of cathode resistors R9 and Rio. 
When a positive d.c. voltage is applied to the 
left-hand grid the current through that tube 
section increases, so the current balance is upset 
and the meter indicates. The sensitivity of the 
meter is regulated by Rs, which serves to adjust 
the calibration. le12, common to the cathodes of 
both tube sections, is a feed back resistor that 
stabilizes the system and makes the readings 
linear. Re and í'i form a filter for any a.c. com-
ponent that may be present, and 116 is balanced 
by R7 connected to the grid of the second tube 
section. 
To stay well within the linear range of opera-

tion the scale is limited to 3 volts or less in the 
average commercial instrument. Higher ranges are 
obtained by means of the voltage divider formed 
by Ri to Rs, inclusive. As many ranges as desired 
can be used. Common practice is to use 1 meg-
ohm at Ri, and to make the sum of 112 to 115, 

inclusive, 10 megohms, thus giving a total resist-
ance of 11 megohms, constant for all voltage 
ranges. Ri should be at t he probe end of the d.c. 
lead to minimize caliacit ive loading effects when 
measuring d.r. yoltagiis in t'. f. circuits. 

Values to lie i ii id in the circuit depend consid-
erably on the supply voltage and the sensitivity 
of the meter, Al. 1112, and R13-R14, should be 
adjusted by trial so that the voltmeter circuit 
can be brought to balance, and to give full-scale 
deflection on Al with about 3 volts applied to 
the left-hand grid. The meter connections can 
be reversed to mad voltages that are negative 
with respect to ground. 

A.C. Voltage 

For measuring a.c. voltages the rectifier circuit 
shown at the lower left of Fig. 21-8 is used. One 
section of the double diode, 172, is a half-wave 

rectifier and the second half acts as a balancing 
device, adjustable by 1117, to eliminate contact 
potential effects that would cause a residual d.c. 
voltage to appear at the v.t.v.m. grid. 
The rectifier output voltage is propel joual to 

the peak amplitude of the a.r. wave, rat her than 
to the average or r.m.s. values. Since the positive 
and negative peaks of a complex wave may not 
have equal amplitudes, a different reading may 
be obtained on such wave forms when the volt-
meter probe terminals are reversed. This " turn-
over" effect is inherent in any peak-indicating 
device, but is not necessarily a disadvantage. 
The fact that the readings are not the same 
when the voltmeter connections are reversed is 
an indication that the wave form under measure-
ment is unsymmetrical. In some measurements, 
as in audio amplifiers, a peak measurement is 
more useful than an r.m.s. or average-value 
measurement because amplifier capabilities are 
based on the peak amplittules. 
The scale calibration usually is based on the 

r.m.s. value of a sine wave, ll8 being set so that 
the same scale can be used either for a.c. or d.c. 
The r.m.s. reading can easily be converted to a 
peak reading by molt iplying by 1.41. 

e INSTRUMENT CALIBRATION 
When extending the range of a d.c. instrument, 

calibration usually is necessary —although resis-
tors for voltmeter multipliers often can be pur-
chased to close-enough tolerances so that the new 
range will be accurately known. However, in cali-
brating an instrument such as a v.t.v.m. a known 
voltage must be available to provide a starting 
point. Fresh dry cells have an open-circuit ter-
minal voltage of approximately 1.6 volts, and 
one or more of them may be connected in series 
to provide several calibration points on the low 
range. Gas regulator tubes in a power supply, 
such as the 0C3, 0D3, etc., also provide a stable 
source of voltage whose value is known within a 
few per cent. Once a few such points are deter-
mined the voltmeter ranges may be extended 
readily by adding multipliers or a voltage divider 
as appropriate. 

Shunts for a milliammeter may be adjusted by 
first using the meter alone in series with a source 
of voltage and a resistor selected to limit the cur-
rent to full scale. For example, a 0-1 milliam-
meter may be connected in series with a dry cell 
and a 2000-ohm variable resistor, the latter being 
adjusted to allow exactly 1 milliampere to flow. 
Then the shunt is added across the meter and its 
resistance adjusted to reduce the meter reading 
by exactly the scale factor, n. If n is 5, the shunt 
would be adjusted to make the meter read 0.2 
milliampere, so the full-scale current will be 5 
ma. Using the new scale, the second shunt is 
added to give the next range, the same procedure 
being followed. This can be carried on for several 
ranges, but it is advisable to check the meter on 
the highest range against a separate meter used as 
a standard, since the errors in this process tend 
to be cumulative. 
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Measurement of Frequency 

Measurement of Frequency 

• ABSORPTION FREQUENCY METERS 
The -implest possible frequency-measuring 

device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in terms of frequency. It operates 
by extracting a small amount of energy from the 
oscillating circuit to be measured, the frequency 
being determined by the tuning setting at which 
the energy absorption is maximum (Fig. 21-9). 
Such an instrument is not capable of very high 

Fig. 21-9—Absorption frequency meter and a typical 
application. The meter consists simply of a calibrated 
resonant circuit LC. When coupled to an amplifier or 
oscillator the tube plate current will rise when the fre-
quency meter is tuned to resonance. A flashlight lamp 
may be connected in series at X to give a visual indica-
tion, but it decreases the selectivity of the instrument 
and makes it necessary to use rather close coupling to the 

circuit being measured. 

accuracy, because the Q of the tuned circuit 
cannot be high enough to avoid uncertainty as 
to the exact dial setting and because any two 
coupled circuits interact to some extent and 
change each others' tuning. Nevertheless, the 
absorption frequency meter or " wavemeter" is 
a highly useful instrument. It is compact, inex-
pensive, and requires no power supply. There is 
no ambiguity in its indications, as is frequently 
the case with the heterodyne-type instruments 
described later. 
When an absorption meter is used for check-

ing a transmitter, the plate current of the tube 
connected to the circuit being checked can 
provide the necessary resonance indication. 
When the frequency meter is loosely coupled to 
the tank circuit the plate current will give a 
slight upward flicker as the meter is tuned through 
resonance. The accuracy is greatest when the 
loosest possible coupling is used. 
A receiver oscillator may be checked by tun-

ing in a steady signal and heterodyning it to 
give a beat note as in ordinary c.w. reception. 
When the frequency meter is coupled to the 
oscillator coil and tuned through resonance the 
beat note will change. Again, the coupling 
should be made loose enough so that a just-
perceptible change in beat note is observed. 
An approximate calibration for the meter, 

adequate for most purposes, may be obtained 
by comparison with a calibrated receiver. The 
usual receiver dial calibration is sufficiently 

accurate. A simple oscillator circuit covering the 
same range as the frequency meter will be useful 
in calibration. Set the receiver to a given fre-
quency, tune the oscillator to zero beat at the 
same frequency, and adjust the frequency meter 
to resonance with the oscillator as described 
above. This gives one calibration point. When 
a sufficient number of such points has been ob-
tained a graph may be drawn to show frequency 
vs. dial settings on the frequency meter. 

e INDICATING FREQUENCY METERS 
The plain absorption meter requires fairly 

close coupling to the oscillating circuit in order 
to affect the plate current of a tube sufficiently to 
give a visual indication. However, by adding a 
rectifier and d.c. microammeter or milliammeter, 
the sensitivity of the instrument can be increased 
to the point where very loose coupling will suf-
fice for a good reading. A typical circuit for this 
purpose is given in Fig. 21-10, and Fige. 21-11 and 
21-12 show how such an instrument can be con-
structed. 
The rectifier, a crystal diode, is coupled to the 

tuned circuit MCI through a coupling coil, L2, 
having a relatively small number of turns. The 
step-down transformer action from L1 to L2 pro-
vides for efficient energy transfer from the high. 
impedance tuned circuit to the low-impedance 
rectifier circuit. The number of turns on L2 can 
be adjusted for maximum reading on the d.c. 

CR, 

Fig. 21-10—Circuit diagram of indicating frequency meter. 
—50-µ0. variable (Johnson 50R12). 

C2-0.002-0. disk ceramic. 
CRI—General purpose germanium diode (1N34, etc.) 
Ji—Phono jack. 
J2—Closed-circuit phone jack. 
Mi—D.c. microammeter or 0-1 milliammeter. 

Coil Data Coil 
Freq. Range Turns, Li Turns, L2 Length, In. 
3-6 Mc. 60 5 close-wound 
6-12 Mc. 29 5 11/4 
12-25 Mc. 13 2 1 
23-50 Mc. 5Y. 1 
50-100 Mc. 11/2 1/2 
90-225 Mc. See below 

All except 90-225-Mc, coil wound with No. 24 enam. 
wire on 1-inch diameter 4-prong forms (Millen 45004). 
L2 intenvound at bottom of Li, using smaller wire where 
necessary. The 90-225-Mc, coil consists of a hairpin 
loop of No. 14 tinned wire just clearing the bottom of 
the coil form, which is cut to 5's-inch length. L2 is a similar 
hairpin of No. 16 wire bent over so it almost touches Li. 
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milliammeter; when doing this, use a fixed value 
of coupling between L1 and the source of energy. 
The proper number of turns for this purpose will 
depend on the sensitivity of 1fi. The coil dimen-
sions given in Fig. '21-10 are for a 0-500 microam-
meter but will also be satisfactory for a 0-1 
milliammeter. Less than optimum coupling is 
preferable, in most cases, sintt(t heavy loading 
lowers the Q of the tuned eireuit MCI and makes 
it less selective. The coupling is reduced by 
reducing the number of turns on L2. 
The meter can be used with a pick-up loop 

and coaxial line connected to J1. Energy picked 
up by the loop is fed through the cable to L2 
and thence coupled to Mel. This is a convenient 
method of coupling to circuits where it would 
be physically difficult to secure inductive cou-
pling to Li. The pick-up cable should not be 
self-resonant, as a transmission-line section, at 
any frequency within the range in which it is to 
be used, so two cable lengths are provided. The 
longer one is useful up to 30 Mc. and the shorter 
at all frequencies up to the maximum useful 
frequency of the instrument (225 Me.). 
By plugging a headset into the output jack 

(phones having 2000 ohms or greater resistance 
should be used for greatest sensitivity) the fe-

Fig. 21-11—The indicating frequency 
meter, plug-in coils, and pick-up cables. 
The meter is built in a bakelite meter 
case measuring 61/4 X 314 X 2 inches. 
The 3-inch dial is cut from a piece of 
aluminum and has a paper hand-
calibrated scale cemented on. Hairline 
indicators are clear plastic mounted on 
small metal pillars. A 2-inch d.c. instru-
ment is used. Pick-up loops are one 
turn of No. 14, spaghetti covered, 
soldered to the ends of the cables. 
The longer cable (5 feet) is useful to 30 
Mc.; the shorter ( 13 inches) can be used 

for the full frequency range. 
Both are RG-58/U. 

quency meter can be used as a monitor for modu-
lated transmissions. 
The bakelite case is a desirable feature since 

the instrument can be brought close to circuits 
being checked wit lit tilt the danger of short-
circuiting any of their wiring. This could occur 
with a metal-cased unit. 

In addition to the uses mentioned earlier, a 
meter of this type may be used for final adjust-
ment of neut r:dizatiou in r. f. amplifiers. For this 
purpose the pick-up loop may be loosely coupled 
to the plate tank coil. In this case Li may be 
removed from its socket and the meter used as 
an untamed rectifier. This reduces the sensitivity 
and insures that the r.f. pickup is only from the 
tank coil to which the loop is closely coupled. 

• THE SECONDARY FREQUENCY 
STANDARD 

The secondary frequency standard is a highly 
stable low-power oscillator generating a fixed 
frequency, usually 100 kr. It is nearly always 
crystal-controlled, and inexpensive 100-1(c. erVS-
tais are available for the purpose. Since the 11;1r-
monies are multiples of 100 ke. throughout the 
spectrum, some of them can be compared di-

Fig. 21-12—Inside the wave-
meter. Only the milliammeter 
and phone jack are mounted 
on the removable panel. The 
tuning capacitor is mounted 
vertically on an aluminum 
bracket fastened to the bot-
tom of the case. The crystal 
diode is mounted between a 
coil-socket prong and a tie 
point. The phono jack for the 

pick-up cables is at 
the lower right. 
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Frequency Standards 

rectiv with the standard fremieneies transmitted 
by WWV. 
The edges of most amateur I ,ani Is als: i are exact 

multiples of 100 ke., so it beemnes possible to 
determine the band edges very aveurately. This 
is an import:mt consideration in amateur fre-
quency measurement, sirup the only regulabiry 
requirement is that an amateur transmission be 
inside the assigned band. not on a spi-iii e fre-
(money. 

Manufacturers of luo-ke. crystals usually 
supply circuit inforniathm for their partieular 
crystals. The circuit given in Fig. 21-13 is 
representative, and will generate usable har-
monies up to 30 Nle. or so. The variai le eapacit or, 
CI, provides a means for adjusting the fm-
queney to exactly 100 ke. I larmonie output is 
taken from the circuit through a small vapaci-
tor, There are no speeial vomit rite t hmal 
points to be observed in building such a unit. 

 5 1(-0 
OUTPUT 

+ 150 - 

rig. 21- 13—Circuit for crystal-controlled frequency 
standard. Tubes such as the 6SK7, 6SH7, 

6AU6, etc., are suitable. 
Ci-50-sq.sf. variable. 
C2- 150-W. mica. 
C3, C4-0.01-0. ceramic. 
Cs- 22-µµf. mica. 
Ri —0.47 megohm, 1/2 watt. 
Ro- 1000 ohms, 1/2 watt. 
R3-0.1 megohm, 1/2 watt. 
R4-0.15 megohm, 1/2 watt. 

Power for the tube heater and plate may be 
taken from the supply in the reeeiver with 
which the unit is to be used. The plate voltage 
is not critical, but it is reeonunended that it be 
taken from a VR-150 regulator if the receiver 
is equipped with one. 

Suffieient signal stmngth from the standard 
usually will be seeured if a wire is ruin between 
the ()input terminal connected to Cs and the 
antenna post on the receiver. At the lower fre-
(pantries a metallic connection may not be 
neeessary. 

Adjusting to Frequency 

The frequency can be adjusted exactly to 
100 kc. by making use of the WWV transmis-
sions tabulated later in this chapter. Select the 
WWV frequency that gives a good signal at your 
location at the time of day most convenient. Tune 
it in with the receiver b.f.o. off and wait for the 
period during which the modulation is absent. 
Then switch on the 100-ke. oscillator and adjust 
its frequency, by means of CI, until its harmonic 
is in zero beat with WWV. The exact setting is 
easily found by observing the slow pulsation in 

background noise as the harmonic comes close 
to zero beat, and adjusting to where the pulsa-
tion disappears or ()rums at a very slow rate. 
The pulsation van be observed even more read-
ily by switching on the receiver's b.f.o., after 
approximate zero beat has been secured, and 
observing the rise and fall in intensity (not fre-
quency) of the beat tone. For best results the 
WWV signal and the signal from the 100-ke. 
oscillator should lx- about the same strength. 
It is advisable not to try to set the 100-ke. (med-
iator during the periods when the WWV signal 
is tone-modidated. since it is difficult to tell 
whether the harmonic is being adjusted to zero 
beat with the carrier or with a sideband. 

Using the Standard 

Basically, the 100-ke. standard provides a 
means for indicating the exaet receiver dial 
settings at which frequencies that are multiples 
of 100 ke. are to be found. The harmonies of 
the standard can thus be used to check the dial 
calibration of a receiver, and many of the better-
grade eommunieations receivers either include 
a 100-ke. oscillator for this purpose or have pro-
vision for installing one as an aecessory. The 
acttial frequeney of at least one 100-ke. point in 
a given amateur band must be known, of course, 
but this is generally an easy matter since the 
aetiyity in amateur bands usually makes identi-
fication of the band-edge " marker signal" quite 
simple. After one frequency is known, the con-
secutive 100-ke, harmonic signals are simply 
counted off from it. 

Although the 100-ke. standard does not make 
possible the exact measurement of a frequency, 
it is readily possible to determine whether or 
not the signal is in a particular 100-kc. segment. 
If the unknown signal tunes in between, say, 

21,200 and '21,300 ke., as indicated by the marker 
signals in the receiver, its frequency obviously 
lies between those two figures. For purposes of 
complying with the amateur regulations it is 
usually suffirient to know that the signal is 
above, or below, some specified 100-ke. point, 
since the edges of the amateur bands or sub-
bands usually are at such points. If a clase 
measurement is ( h-sired a fairly good estimatc 
usually can be made by counting the number of 
dial divisions between two 100-ke. points and 
dividing the number into 100 to find how many 
kiloeyeles there are per dial division. 

In using the receiver to check one's own trans-
mitting frequency it is necessary to take special 
precautions to reduce tile streitgth of the signal 
from the transmitter to the point where it does 
not overload the receiver nor create spurious 
responses that could 1)() taken for the actual 
signal. This invariably means that the receiving 
antenna must be disconnected from the receiver, 
and it may be necessary, in addition, to sha (-
circuit the receiver's antenna input termir als. 
Try to reduce stray pickup to such an extent 
that the transmitter's signal is no stronger than 
normal incoming signals at the regular gain-
control settings. With some receivers this may 
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require additional shielding around the signal-
frequency circuits, and perhaps filtering of the 
a.c. and speaker leads where they leave the 
chassis, to prevent energy picked up on these 
leads from getting into the front end of the 
receiver. 

Frequency Standard with Harmonic 
Amplifier 

The frequency standard shown in Figs. 21-14 
through 21-16 includes a tuned amplifier to in-
crease the strength of the higher harmonies, and 
incorporat es a crystal-diode sawtoot h generator to 
make the harmonie strength reasonably uniform 
throughout the usable frequency spectrum of the 

---2AGAM 

OSCILLATCP. 

6458 

 It  
1006 

Fig. 21-14—A 100-kc. frequency standard 
and harmonic amplifier. The crystal in this 
unit is in the metal-tube type envelope. Power 
and r.f. output connections are taken through 

the rear chassis lip. 

instrument. It will produce useful calibration 
signals at 100-ke. intervals lip to about 60 Me. 
The strengt h of a particular harmonie may be 
peaked up by selecting the proper amplifier 
tuning range with S2 and adjusting C4 for maxi-
mum output. A gaits control, 112, is included for 
adjusting the output signal to the desired 
The 100-ke. oscillator uses the triode section of 

a 6AN8, while the amplifier uses the pentode 
section of the same tube. Power requited for the 
unit is 150 volts at 10 ma. and 6.3 volts at 0.45 
amp. This may be taken from the accessory 
socket of a receiver, or a special supply easily 
can be made using a TV " booster" transformer 
(such as the Merit P-3040 or equivalent). 

AMPLIFIER 

6 

C 
I14,e t <mpuT 

TUNING 

loo,opt, 

Fig. 21-15—Circuit of the 100-kc. crystal calibrator. Unless otherwise indicated, capacitances are in pf., 

resistances are in ohms, resistors are 1/2  watt. 

miaget variable (Hammarlund MAPC-50). 

Cg — 1 00-44. voriable ( Harnmarlund HF- 100). 
CR2-1"134A. 

—Phono jack. 
L-35-7 Mc., 10 h. (National R-33 r.f. choke). 
1.2- 6.5-14 Mc., 4.7 uh. (IRC type CL- 1 r.f. choke). 
L3-15-30 Mc., 1.0 edi. ( IRC type CL- 1 r.f. choke). 

1.1-30-60 Mc., 0.22 ih.; 4 turns No. 20 plastic- insulated 
wire, 3/8-inch diam. 

R2-5000-ohm potentiometer (Mallory U-14). 
Si — 5.p.s.t., mounted on R2 (Mallory US- 26). 
S2- 1-section, 1- pole, 4- position miniature phenolic ro-

tary switch (Centralab PA- 1000). 
Yi — 100-kc. crystal. 
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A Frequency Meter 

The standard is built in a 4 X 5 X 6 inch 
chassis-type box. R2 and 82 are mounted on the 
panel, with the amplifier plate coils mounted on 
82. The remaining components are mounted on 
the chassis, C. being insulated from it because its 
plates are above ground for d.c. For the same 
reason, an insulated shaft extension is used for 
front-panel control of C4. 
Connection between the standard and the 

receiver can be made through a wire from the 
hot terminal of ./.1 to the antenna input post on 
the receiver. Depending on how well the receiver 
is shielded, such a wire may not be needed at the 
lower-frequency end of the range. 

The Heterodyne Frequency Meter 

The heterodyne frequency meter is a variable-
frequency oscillator designed to be as stable as 
possible and to be capable of being accurately 
calibrated. Solid mechanical construction and a 
good dial are particularly important. In general, 
the design of such an instrument will be similar 
to that of the v.f.o.'s described in Chapter 6 on 
transmitters. Usually, the oscillator will cover a 
frequency range of approximately 1750 to 2000 
kc. so that its harmonies will fall in the various 
amateur bands. It is used with the receiver in 
much the same way as the 100-ke. standard, ex-
cept that in making a measurement the fre-
quency-meter tuning is adjusted until the signal 
from it is in zero beat with the signal to be meas-
ured. The two signals are then on exactly the 
same frequency, which can be read from the 
calibration of the frequency meter. 
The best method of calibrating a heterodyne 

frequency meter is to note the dial points at 
which its signal is in zero beat with consecutive 

Fig. 21- I6—Underneath the frequency-
standard chassis. The saw-tooth harmonic-
generating network is on the strip at the 
upper right. The small trimmer-type capacitor 
at the left is CI. Other components are 

mounted where convenient. 

100-ke. points from a secondary standard. These 
points may then be plotted on graph paper and 
a smooth curve drawn through them to give the 
calibration at frequencies inside the 100-kc. 
intervals. The calibration preferably should be 
made on a high range. Points at 100-kc. inter-
vals on 28 Mc., for example, are equivalent 
to 50-kc. intervals on 14 Me., 25-kc, intervals 
on 7 Me., and so on, since the meter is operating 
on lower-order harmonies on the lower bands. 

More Precise Methods 

The methods described above are quite ade-
quate for the primary purpose of amateur fre-
quency measurements — that is, determining 
whether or not a transmitter is operating inside 
the limits of an amateur band, and the approxi-
mate frequency inside the band. For measure-
ment of an unknown frequency to a high degree 
of accuracy more advanced methods can be used. 
Accurate signals at closer intervals can be ob-
tained by using a multivibrator in conjunction 
with the 100-kc. standard, and thus obtaining 
signals at intervals of, say, 10 Ice. or some other 
integral divisor of 100. Temperature control is 
frequently used on the 100-ke. oscillator to give 
a high order of stability (Collier, "What Price 
Precision?", QST, September and October, 1952). 
Also, the secondary standard can be used in 
conjunction with a variable-frequency interpola-
tion oscillator to fill in the standard intervals 
(Woodward," A Linear Beat-Frequency Oscillator 
for Frequency Measurement," QST, May, 1951). 
An interpolation oscillator and standard can be 
combined in one instrument. One application of 
this type was described in QST for May, 1949 
(Grammer, " The Additive Frequency Meter"). 
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STANDARD FREQUENCIES AND TIME SIGNALS 

• 
ANNOUNCEMENT 

INTERVALS AS 
AT RIGHT 

The Central Radio Propagation Laboratory 
of the National Bureau of Standards main-
tains two radio transmitting stations, WWV 
near Washington, W WV I I at 
Putinene, T.H., for broadcasting st:ti(dard 
radio frequencies of high ;(ceurary. W WV 
broadcasts are on 2.5, 5, 10, 15, 2.0 and 25 
megaeyeles per second, and those from 
WWVH are on 5, 10, and 15 Mr. The radio-
freqiiency signals are modulated by pulses 
at I cycle per second, and also by statu lait! 
audio frequencies alternating 1>etween 110 and 
600 cycles per si•cond as shown by the ai com-
pzinying (lad. 

Transmissions are (•ontinuous, with the fol-
lowing exceptions: The WWV transmissions 
are interrupted for a 4-minute period begin-
ning at approximately 45 minutes after the 

4 

-e00-4 
e 414 r 

o N 

hour; the WWVI-1 transmissions are inter-
rupted for a 3-miniite period Iwginning ap-
proximately 10 seront s after tlu. hour and 
earl' 15 minute interval t 11(.reafter. WWV Ii is 
also silent eaeh ( lay ftw a 34-minute period 
beginning at IWO Universal Time. 

/As, 

ONE-MINUTE 
ANNOUNCEMENT 

INTERVALS 

o 

oc).3 

'1> 

o 

Accuracy 

Transmitted fryquunries are accurate within 
1 part in 100 million. The WWV transmissions 
are gener„ Hy stable to I i)ar t ¡ it a wh o', in any 

given day. alt hough this is not guaranteed. 
Frequencies are based on an :domie standard. 
and daily corrections to the transmitted fre-
quencies are subsequently published each 
month in the Proceedings of the Institute of 
Radio Engineers, 

Time Signals 

The 1-c.p.s. modulation is a 5-millisecond pulse at 
intervals of precisely one second, and is heard as a tick. 
The puLse transmitted by WWV consists of 5 cycles of 
1000 cycle tone; that transmitted by WWVH consists 
of 6 cycles of 1200-cycle tone. On the WWV transmis-
sions. the 440- or 600-cycle tone is blanked out beginning 
10 milliseconds before and ending 25 milliseconds after 
the pulse. On the WWVII transmissions, the pulse is 
superimposed on the tone. '1'lle pulse on the 59th 
second is omitted, and for additional identification the 
zero-second pulse is followed by another milliseeonds 
later. 

Propagation Notices 
During the announcement interval,. at 19% and 49% 

minutes : tf ter the hour, propagati'm notices applying to 
transmission paths over the North Atlantic are trans-
mitted from WWV on 2.5, 5, 10, 15, 20, and 25 Mc. 
Similar forecasts for the North l'aeific are tran.stnitted 
from WWVII during the announcement intervals at 
9 and 39 minutes after the hour. 

not ives, in telegraphic code, consist of the letter 
N, W, or followed by a number. The letter de,iutia-
tions apply to propagation conditions as of the time 
of the broadea.st, and have the following signifieattee: 

W — Ionospheric disturbance in progress or 
expeetetl. 

U — Unstable conditions, but communication 
passible with high power. 

N — No warning. 
The number designations apply to expected propagation 
conditions during the subsequent 12 hours and have the 
following significante: 

Digit 

2 
3 
4 
5 
6 
7 

Forecast 

Impossible 
Very l'oor 
Poor 
Fair to l'oor 
Fair 
Fair to Good 
Good 
Very Good 
Excellent 

Special Transmissions During the International Geophysical Year 
The speeial broadeasts instituted during the Inter-

national Geophysieal Year may be continued through 
part or all of 1960. These broadea.sts include information 
on 1GY " Alerts ." and " Speeial World Intervals." 
The broadeasts front WWV are at 4% and 34% min-
utes past the hour and thcse front WWVF1 are at 14 and 
44 minutes lust the hour. Each slid' transmission is pre-
ceded by tliii letters ".\ f; I" in Inti•rnational 

Code. The code used for the information is as follows: 

5 A's — State of alert. 
E's — No state of alert. 

5 S's — Special World Interval begins at 0001Z the 
following ‘ 1:t. 

5 T's— Special Wont Interval terminates at 23597-

3 long dashes —  Special t\ orlii Interval in progre,. 
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Grid-Dip Meter 

Test Oscillators and Signal Generators 

e THE GRID-DIP METER 
The grid-dip meter is a simple vacuum-tube 

oscillator to which a microammeter or low-range 
milliammeter has been added for reading the os-
cillator grid current. A 0-1 milliammeter is sensi-
tive enough in most eases. The grid-dip meter is 
so called because if the oscillator is coupled to a 
tuned circuit the grid current will show a de-
crease or "dip" when the oscillator is tuned 
through resonance with the unknown circuit. The 
reason for this is that the external circuit will 
absorb energy from the oscillator when both 
are tuned to the same frequency; the loss of 
energy from the oscillator circuit causes the feed-
back to decrease and this in turn is accompanied 
by a decrease in grid current. The dip in grid 
current is quite sharp when the circuit to which 
the oscillator is coupled has reasonably high Q. 
The grid-dip meter is most useful when it cov-

ers a wide frequency range and is compactly 
constructed so that it can be coupled to circuits 
in hard-to-reach places such as in a transmitter or 
receiver chassis. It can thus be used to cheek 
tuning ranges and to find unwanted resonances of 
the type described in the chapter on TV!. Since 
it is its own source of r.f. energy it does not re-
quire the circuit being checked to be energized. 
In addition to resonance checks, the grid-dip 
meter also can be used as a signal source for 
receiver alignment and, as described later in this 

c, 

rg-ci 
6 

5 6,-

GND. 6.3V. METER B 

Fig. 21-17—Circuit diagram of the grid- dip meter. 
C)-50-p0. midget variable (Hammarlund 50). 

C2-100-µ0. ceramic. 
C3, C4, CI30.001-0. disk ceramic. 
C5-0.01-0. disk ceramic. 
R1- 22,000 ohms, Y2 watt. 

Coil Data, LI 

Freq. Range Turns Wire Diameter Turns/inch Tap* 

1.59- 3.5 Me. 139 32 enam. in. Close-wound 32 
3.45- 7.8 Mc. 40 32 enam. in. Close-wound 12 
7.55-17.5 Mc. 40 24 tinned in.: 32 14 
17.2-.40 Mc. 15 20 tinned in4 16 5 
37 -85 Mc. 4 20 tinned in. 16 11¡ 
78 -160 Mc. Hairpin of No.14 wire. 94. in. spacing, 2 inches long 

in eluding coil form pins. Tapped 1;4 in. from ground 
end. 

Coil forms are diameter. 
• Turns from ground end. 
B. & W. Miniduetor or equivalent mounted inside coil form. 

chapter, is useful in measurement of inductance 
and capacitance in the range of values used in 
r.f. circuits. 
The circuit of Fig. 21-17 is representative, 

although practically any oscillator circuit that 
will operate over the desired frequency range 
may be used. An instrument to cover both low 
and very high frequencies must be constructed 
with short, direct r.f. leads. With ordinary care 
in this respect there should be little difficulty 
in getting satisfactory operation up to 150 Mc. 
The power supply for the grid-dip meter may 

be included with the oscillator, but since this in-
creases the bulk and weight a separate supply 
is often desirable. The power supply shown in 
Fig. 21-18 uses a miniature power transformer 
with a selenium rectifier and a simple filter to 
give approximately 120 volts for the oscillator 
plate. The potentiometer R2 is for adjustment of 
plate voltage. This is desirable because in any grid-
dip meter the grid current may vary over wide 
limits in different parts of the frequency range, 
with fixed plate voltage. 

GND. 

METER 

6.3V. 

Fig. 21-18—Circuit diagram of the power supply for 
the grid-dip meter. 

CI, C2-16-0. electrclytic, 150 volts. 
R1-1000 ohms, 1/2 watt. 
R2-0.1 -megohm potentiometer. 
Ti— Power transformer, 6.3 volts and 125 to 150 volts. 

(Merit P-3046 or equivalent.) 
CR1-20-ma. selenium rectifier. 

d.c. milliammeter. 

The instrument may be calibrated by listening 
to its output with a calibrated receiver. The cali-
bration should be as accurate as possible, al-
though " frequency-meter accuracy" is not re-
quired in the applications for which a grid-dip 
meter is useful. 
The grid-dip meter may be used as an indicat-

ing-type absorption wavemeter by shutting off 
the plate voltage and using the grid and cathode 
of the tube as a diode. However, this type of cir-
cuit is not as sensitive as the crystal-detector type 
shown earlier in this chapter, because of the high-
resistance grid leak in series with the meter. 

In using the grid-dip meter for checking the 
resonant frequency of a circuit the coupling 
should be set to the point where the dip in grid 
current is just perceptible. This reduces inter-
action between the two circuits to a minimum 
and gives the highest accuracy. With too-close 
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Fig. 21- 19—Transistor circuit-checker or "grid-dip meter" 
covering 3 to 40 Mc. in five ranges. The circuit and bat-
tery power supply are contained in the 21/4  X 21/4  X 5-
inch aluminum box (Bud CU-3004) so the instrument is 
completely independent of the a.c. line. The dial is white 
cardboard with an inked-on calibration; the hairline indi-
cator is on a Lucite disk cemented to the tuning knob. 
The d.c. meter is a miniature type, but the box is large 
enough to take a standard 2-inch instrument. The control 
on the near edge is R2, for setting the d.c. meter reading 

to a suitable on-scale value. 

coupling the oscillator frequency may be " pulled" 
by the circuit being checked, in which case differ-
ent readings will be obtained when resonance is 
approached from the high side as compared with 
approaching from the low side. 

Transistor "Grid-Dip" Oscillator 

The transistor oscillator is particularly con-
25 

10 

4700 

— 8.4v. 

+T  015 
lAI 15V+ 1 

/ SIB 
BT1-8.4-volt mercury transistor battery (RCA No. VS312). 
BT2-1.5-volt mercury cell (RCA VS 313). 
CI- 100-144f. midget variable (Hammerlund MAPC-

100-B). 
CR1-1N34 or equiv 
14-3-5 Mc.: 72 turns No. 28 enam., 1/2 -inch diam., 1 

inch long, close-wound. 
5-10 Mc.: 43 turns* 
10-17 Mc.: 17 turns* 
17-30 Mc.: 7 turns* 
28-40 Mc.: 3 turns* 

milliammeter. 
Qi-2N247. 

venient in the applications for which the grid-
! dip meter is useful, since it lends itself to very 

compact construction with freedom from de-
pendence on the a.c. line for power. The prin-
cipal drawback at the present time is that there 
are no low-cost transistors that will oscillate 
well in the v.h.f. range. However, it is possible 
to build an oscillator that will operate at least 
through the ordinary comm, i i:ation frequencies, 
as shown by Figs. 21-19 to 21-21, inclusive. 
The oscillator circuit in Fig. 21-20 is basically 

of the Colpitts type. Since there is no d.c. cur-
rent in the transistor oscillator that compares 
with grid eurrent in the tube oscillator, an 
equivalent effect is obtained by using ('Ri to 
rectify some of the r.f. energy, and then meas-
uring the rectified current. To enable the use of 
a relatively inexpensive d.c. instrument, a sec-
ond transistor is used as a d.c. amplifier follow-
ing the rectifier. Omitting Q2 would require M t 
to be a sensitive microammeter, since the power 
in the r.f. oscillator is extremely low. R 2 pro-
vides a means for setting the meter reading to 
the desired point on the scale. 
The optimum value of bias resistor, RI, varies 

with frequency, so the proper resistor is mounted 
in the coil form for each range. Any convenient 
pin arrangement can be used for the coil and 
resistor terminals. Mount the coils near the open 
ends of the forms so they can be tightly coupled 
to the circuit being checked. The resistors should 
be placed near the bottom so they will be as far 
as possible from the coils. 
The instrument is used in the same way as a 

tube grid-dip meter in checking unknown cir-
cuits, and may be calibrated by the same method. 

•  AUDIO-FREQUENCY OSCILLATORS 

A useful accessory for testing audio-frequency 
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Audio-Frequency Oscillators 

Fig. 21-21—Inside the case of the 
transistor oscillator. All components are 
mounted on the flanged section of 
the two-piece box. The oscillator is at 
the right in this view, with connections 
anchored to tie points placed on 
either side of the coil socket. 01 is 
visible just below the tuning capacitor. 
CR1 is mounted on the tie- point strip 
above the coil socket. The d.c. ampli-
fier circuit is to the left of the mercury 
battery; the 1.5- volt cell is mounted 
beside the variable resistor, using a 
lug soldered to the --I- terminal for 

support. 

amplifiers and modulators is an audio-frequency 
signal generator or oscillator. Checks for dis-
tortion, gain, and the troubles that occur in such 
amplifiers do not require elaborate equipment; 
the principal requirement is a source of one or 
more audio tones having a good sine wave form, 
at a voltage level adjustable from a few volts 
down to a few millivolts so the oscillator can be 
substituted for the type of microphone to be used. 
An easily constructed oscillator of this type 

is shown in Figs. 21-22 to 21-24, inclusive. 
Three audio frequencies are available, approxi-
mately 200, 900 and 2500 cycles. These three 
frequencies are sufficient for testing the frequency 
response of ;us amplifier over t he range needed for 
voice communication. 
The circuit uses a double triode as a cathode-

coupled oscillator, the second section of the tube 
providing the feedback necessary for oscillation 
through the common cathode connection. The 
:3-watt lamp in this feedback loop acts as a 
variable resistance to control the oscillation 
amplitude and thus maintain the operating con-
ditions at the point where the best, wave form is 
getwrated. This operating point is set by the 
"oscillation t'ont rol,'' ll. The frequency is de-
termined by the resistance and capacitance in 

CR1-20-ma. selenium 
rectifier. 

11- 3-watt, 115-volt 
lamp (G.E. 356). 

L-8 henrys, 40 ma. 
(Thordarson 
20052). 

Rs, R2—Volume controls. 
5-position 

(3 used) rotary 
switch. 

S2—D.p.d.t. toggle. 
S3 — S.p.s.t. toggle 

(mounted on 81). 
Ti— Power transformer, 

150 volts, 25 ma.; 
6.3 volts 0.5 amp. 
(Merit P-3046). 

O  

Fig. 21-22—Bottom view of the audio oscillator, show-
ing the power-supply components and amplitude-control 
lamp, h. The lamp is mounted by wires soldered to its 
base. The selenium rectifier is supported by a tie- point 
strip. Placement of resistors, which are hidden by the 

other components, is not critical. The unit fits 
in a 4 X 5 X 6 inch box. 

— W4— * 

270 
500K /3CD 

si. 

V2I2AU7 

• 
• 

CeirN€YeL Q. OSC 
CONT 

TI CR, 

D5 V. 

53 

6,3V 

.00Ipf 
33K H 

K lid I 

S • Ste 
2550 

500  

.0fir 10-0T. 

20)1f + 150 2013fV 150V 

12AU7 

OUTPUT 
AT 1 ENUATION 

 OXIO 

.56 

52 

xi R2 

500K 

Fig. 21-23—Circuit diagram of the 
audio oscillator. Capacitances below 
0.001 O. are in gpf. Fixed resistors are 

1/2  watt unless otherwise indicated. 
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Fig. 21-24—Inside view of the audio oscillator. The a.c. 
switch. Sa, is mounted on the output control at the left 
on the panel. The ceramic capacitors in the frequency-
determining circuits are mounted on the rotary switch, 
Si, at the right. 52 is above she tube, and Ti is on the 
near edge of the chassis, which is o U-shaped piece of 
aluminum 31/2 inches deep with 11/2 inch lips. R1 is mounted 

on the near lip at the left. 

the coupling circuit between the first-section 
plate and second-section grid. Various values of 
eapaeitance can be selected by means of Si to 
set the frequency. The actual frequencies meas-
ured in the unit, shown in the photographs 
are given on the diagram. Thi.y may be either 
increased or decreased by using smaller or larger 
capacitanees respectively. 

Output is taken from the cathode of the 
second triode seetion. Either the full output, 1.5 
volts, or approximately one-tenth of it can be 
selected by 82. On either of these two ranges 
smooth control of output is provided by R2. 
The built-in power supply uses a small trans-

former and a selenium rectifier to develop ap-
proximately 150 volts. } him is reduced to a 
negligible level by the filter consisting of the 
8-henry choke and 20-tif. capacitors. 
An oscilloscope is useful for preliminary 

checking of the oscillator since it will show wave 
form. Ri should be set at the point that will 
ensure oscillation on all three frequencies when 
switching from one to the other. 

• NOISE GENERATORS 
A noise generator is a device for creating a 

controllable amount of radio-frequency noise 
("hiss"-type noise) evenly distributed through-
out the frequency spectrum of interest. The 
simplest type of noise generator is a diode, either 
vat.tium-tube or erystal, with direct current 
Il t nving through it. The current is also made to 

flow through a load resist:1m.y m hurl in general 
is chosen to equal the ehartieteristie impedance 
of the transmission line to be ronneeted to the 
receiver's input terminals. The resistanee then 
substitutes for the line, and the amount of r.f. 
noise fed to the input terminals of the receiver 
is controlled by controlling the ( le. through the 
diode. 
The tisefulness of the noise generator in ama-

teur work lies in the fact that it provides a 
means for adjusting tlie " front-end" eirettits of 
a receiver for optimum signal-to-noise ratio (see 
seetions on reveiver design). Although it can be 
built at little xpense, it is actually more effer-
five for this purpose than costly laboratory-type 
signal generators. A simple eireuit using a crystal 
diode is shown in Fig. 21-25. Fig. 21-26 illus-

Fig. 21-25—Circuit of a simple crystal-diode noise 
generator. 

871— Dry- cell battery, any convenient type. 
CI —500-sqxf. ceramic, disk or tubular. 
CRI—Silicon diode, 1N21 or 1N23 (do not use ordinary 

germanium diodes). 
Pi—Coaxial fitting, cable type. 
Ri-50,000-ohm control, counterclockwise logarithmic 

taper. 
R2 — 5 1 or 75 ohms, 1/2 -watt composition. 

—S.p.s.t. toggle (may be mounted on Ri). 

trates the construction, the principal require-
ment. being that 112 should Ixt mounted right on 
the terminals of the coaxial fitting and that lead 
lengths should be as short as possible in the cir-
cuit formed by rt, (WI and 112. If these lead 
lengths are negligible the instrument should 
give uniform periiirmanre up to at least 150 Mc. 
112 $11011111 match the partirular line and input. 
impedance for whieh the receiver is designed. 
To use the generator, screw the coaxial fitting 

on the receiver's input fitting, open St. and 
measure the noise output of the receiver using 
an au'. vaeutun-tube voltmeter or similar a. f, 
voltage indieator. :N lake sure that the receiver's 
r.f. and audio gain controls are set well within 
the linear range, and do not use a.v.c. Then 
turn on the noise generator anti set Ri for an 
appreciable increase in output, say twice the 
original noise voltage, and note the dial setting. 
Receiver front-end adjustments may then be 
made with the object of attaining the same noise 
increase with the lowest possible stirs ' u' current 
through the diode — that is, with the largest 
possible resistance at R. 
The instrument may be used for comparing 

differwit reia.ivi.rs or different front-end arrange-
ments, since this type of measurement is inde-
pendent of receiver bandwidth (which has a 
marked effect on the actual signal-to-noise 
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Fig. 21-26—Crystal-diode noise generator mounted in a 1% X 21/4 X 4-inch box. Most of the space is occupied by 
the miniature 6-volt dry-cell battery. The coaxial fitting ( PI- 259) ccn be mounted to the box by cutting a hole in a small 
square sheet-copper plate to make a snug fit over the end of the body of the connector and then soldering it in place. 
Holes can be drilled in the plate for mounting screws. The diode con be mounted in improvised clips, the larger being a 

small-size grid- grip and the smaller a miniature socket contact. 

ratio). For consistent measurements the battery (Further information on noise generators, with 
voltage should be checked to make sure that it additional references, may be found in QST for 
does not change with the setting of RI. July, 1953.) 

R.F. Measurements 

• R.F. CURRENT 
lt.f. current-measuring devices use a thermo-

couple in conjunction with an ordinary d.c. in-
strument,. The thermocouple is made of two dis-

lar metals which, when heated, generate a 
small d.c. voltage. The thermot.ouple is heated 
by a resistance wire through which the r.f. cur-
rent flows, and since t he d.c. vi tit age developed is 
proportional to the heating. which in turn is pro-
portional to the power used by t he heating ele-
ment, the deflections of the the, instrument are 
proportional to is over rather than to current. 
Tills causes the calibrated scale to be compressed 
:tt the low-current end and spread out at the high-
current end. The useful range of such an instru-
ment is about 3 or 4 to 1; that is, an r.'. ammeter 
having a full-scale reading of I ampere cau be 
read with satisfactory accuracy down to altout 
0.3 ampere. one having a full scale of 5 amperes 
can be read down to about 1.5 amperes. and so 
on. No single instrument van be made to handle a 
wide range of currents. Neit her can the r.f. am-
meter be shunted satisfactorily. as can be done 
with d.c. instruments. because even a very small 
amount of reactance in t he shunt will cause the 
readings to be highly depem kid on (Iv( lueney, 

Fig. 21-27 shows a convenicnt wt.y of using 
an if. ammeter for measuriiig vorrent ill a coaxial 
line. The instrument is simply mounted in a 
metal box with a short lead from each terminal 

Fig. 21-27—R.f. ammeter mounted for connecting into 
a coaxial line for measuring power. A "2-inch" instru-

ment will fit into o 2 X 4 X 4 metal box. 

to a coaxial fitting. The shunt capacitance of 
an ammeter mounted in titis way has only a 
negligible effect on arettracy at frequencies as 
high as 30 Niv, if the instrument has a bakelite 
ease. Metal-cased meters should be mounted on 
a bakelite panel which in turn can be mounted 
behind a cut-out that dears the meter case by 
34 inch or so. 

• R.F. VOLTAGE 
All r.f. voltmeter is a rectifier-type instrument 

in which the r.f. is converted to d.c., which is 
then measured with a d.c. instrument. The 
best type of reetifier for most applications is a 
crystal diode, such as the 1N34 and similar 
types, because its capacitance is so low as to have 
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little effect on the behavior of the r.f. circuit to 
which it is connected. The principal limitation of 
these rectifiers is their rather low value of safe 
inverse peak voltage. Vacuum-tube diodes are 
considerably better in this respect, but their size, 
shunt capacitance, and the fact that power is re-
quired for heating the cathode constitute serious 
disadvantages in many applications. 
One of the principal uses for such voltmeters 

is as null indicators in r.f. bridges, as described 
later in this chapter. Another useful application is 
in measurement of the voltage between the con-
ductors of a coaxial line, to show when a trans-
mitter is adjusted for optimum output. In either 
case the voltmeter impedance should be high 
compared with that of the circuit under measure-
ment, to avoid taking appreciable power, and the 
relationship between r.f. voltage and the reading 
of the d.c. instrument should be as linear as possi-
ble — that is, the d.c. indication should be 
directly proportional to the r.f. voltage at all 
points of the scale. 

All rectifiers show a variation in resistance 
with applied voltage, the resistance being highest 
when the applied voltage is small. These varia-
tions can be fairly well "swamped out" by using 
a high value of resistance in the d.c. circuit of 
the rectifier. A resistance of at least 10,000 ohms 
is necessary for reasonably good linearity with a 

milliammeter. High resistance in the d.c. 
circuit also raises the impedance of the r.f. volt-
meter and reduces its power consumption. 
The basic voltmeter circuit is shown in Fig. 

21-28. It is simply a half-wave rectifier with a 
meter and a resistor, R1, for improving the linear-
ity. The time constant of CR 1 should be large 
compared with the period of the lowest radio 
frequency to be measured — a condition that can 
easily be met if R1 is at least 10,000 ohms and C1 
is 0.001 pf. or more — so C1 will stay charged 
near the peak value of the r.f. voltage. The radio-
frequency choke may be omitted if there is a 
low-resistance d.c. path through the circuit 
being measured. C2 provides additional r.f. 
filtering for the d.c. circuit. 

I N34 

CIRCUIT 
UNDER 

MEASUREMENT 

Fig. 21-28—R.f. voltmeter circuit using a crystal rectifier 
and d.c. microammeter or 0-1 milliammeter. 

The simple circuit of Fig. 21-28 is useful for 
voltages up to about 20 volts, a limitation im-
posed by the inverse-peak voltage ratings of 
crystal diodes. A dual range voltmeter circuit, 
0-20 and 0-100 volts, is shown in Fig. 21-29. A 
voltage divider, RjR2, is used for the higher range. 
An instrument using this circuit is shown in 
Fig. 21-30. It is designed for connection into a 
coaxial line. The principal constructional pre-
cautions are to keep leads short, and to mount 

Fig. 21-29—Dual-range r.f. voltmeter circuit. Capaci-
tances are in µAsf.; capacitors are disk ceramic. 

CRI- 1N34 or equivalent. 
.11, h—Coaxial connectors, chassis-mounting type. 
R1-1000 ohms, 1 watt. 
R2-3300 ohms, 2 watts. 
Its—App. 22,000 ohms (see text), 1/2  watt. 
SI—S.p.d.t. rotary switch (Centralab 1460) 

the components in such a way as to minimize 
stray coupling between them and to keep them 
fairly well separated from metal surfaces. 

For accurate calibration (the power method de-
scribed below may be used) R3 should be adjusted, 
by selection of resistors or using two in series 
to obtain the desired value, so that the meter 
reads full scale, with th set for the low range, 
with 20 volts r.m.s. on the line. A frequency in 
the vicinity of 14 Mc. should be used. Then, with 
S1 set for the high range, various resistors should 
be tried at RI or R2 until with the same voltage 
the meter reads 20 per cent of full scale. The re-
sistance variations usually will be within the 
range of 10 per cent tolerance resistors of the 
values specified. The readings at various other 
voltages should be observed in order to check 
the linearity of the scale. 

Calibration 

Calibration is not necessary for purely com-
parative measurements. A calibration in actual 
voltage requires a known resistive load and an 
r.f. ammeter. The setup is the same as for r.f. 
power measurement as described later, and the 

Fig. 21-30—Dual-range r.f. voltmeter for use in coaxial 
line, using a 0-1 d.c. milliammeter. The voltage-divider 
resistors, RI and R2 (Fig. 21-29) are at the center in the 
lower compartment. The bypass capacitors and R3 are 
mounted on a tie- point strip at the right. The unit is built 
in a 4 X 6 X 2 inch aluminum chassis, with an aluminum 
partition connecting the two sides of the box to form a 
shielded space. A bottom plate, not shown, is used to 

complete the shielding. 
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Measuring Inductance and Capacity 

voltage calibration is obtailaul by calculation 
from the known power and known load resist-
ance, using Ohm's Law: E = N/PR. As many 
points as possible should be obtained, by varying 
the power output of the transmitter, so that the 
linearity of the voltmeter can be checked. 

• R.F. POWER 
NIeasurement of r.f. power requires a resistive 

load of known value and either an r.f. ammeter or 
a calibrated r.f. voltmeter. The power is then 
either PI? or E2/R, where R is the load resistance 
in ohms. 
The simplest method of obtaining a load of 

known resistance is to use an antenna system 
with coax-coupled matching circuit of the type 
described in the chapter on transmission lines. 
When the circuit is adjusted, by means of an 
s.w.r. bridge, to bring the s.w.r. down to 1 to 1 
the load is resistive and of the value for which the 
bridge was designed (52 or 75 ohms). 
The r.f. ammeter should be inserted in the line 

in place of the s.w.r. bridge after the matching 
has been completed, and the transmitter then ad-
justed — without touching the matching circuit 
— for maximum current. A 0-1 ammeter is useful 
for measuring the approximate range 5-50 watts 
in 52-ohm line, or 7.5-75 watts in 75-ohm line; 
a 0-3 instrument can be used for 13-450 watts 
in 52-ohm line and 20-675 watts in 75-ohm line. 
The accuracy is usually greatest in the upper 
half of the scale. 
An r.f. voltmeter of the type described in the 

preceding section also can be used for power 
measurement in a similar setup. It has the ad-
vantage that, because its scale is substantially 
linear, a much wider range of powers can be 
measured with a single instrument. 

e INDUCTANCE AND CAPACITANCE 
The ability to measure inductance and capa-

citance saves time that might otherwise be spent 
in cut-and-try. A convenient instrument for this 
purpose is the grid-dip oscillator, described 
earlier in this chapter. 

For measuring inductance, use is made of a 
capacitance of known value as shown at A in 
Fig. 21-31. With the unknown coil connected 
to the standard capacitor, couple the grid-dip 
meter to the coil and adjust the oscillator fre-
quency for the grid-current dip, using the loosest 
coupling that gives a detectable indication. The 
inductance is then given by the formula 

25,330 
= ft.c. 

The reverse procedure is used for measuring 
capacitance — that is, a coil of known inductance 
is used as a standard as shown at B. The unknown 
capacitance is 

25,330  

= 

(A) 

(R) 

UNKNOWN 
INDUCTANCE 

IGRID-DIP 1 METER -3 

STANDARD 
INDUCTANCE 

GRID-DIP 
METER 

STANDARD 
CAPACITANCE 

UNKNOWN 
CAPAC1 TANCE 

Fig. 21-31—Setups for measuring inductance and capac-
itance with the grid-dip meter. 

The accuracy of this method depends on the 
accuracy of the grid-dip meter calibration and 
the accuracy with which the standard values of 
L and C are known. Postage-stamp silver-mica 
capacitors make satisfactory capacitance stand-
ards, since their rated tolerance is ±5 per cent. 
Equally good inductance standards can be made 
from commercial machine-wound coil material. 
A single pair of standards will serve for measur-

ing the L and C values eommonly used in amateur 
equipment. A good choice is 100 pd. for the 
capacitor and 5 0, for the coil. Based on these 
values the chart of Fig. 21-33 will give the un-
known di n .ct ly in ternis of the resonant frequency 
registered by the grid-dip meter. In measuring the 
frequency the coupling between the grid-dip 
meter and resonant eireuit should be kept at 
the smallest value that gives a definite indication. 
A correction should be applied to measure-

ments of very small values of L and C to include 
the effects of the shunt capacitance of the mount-
ing for the coil, and for the inductance of the 
leads to the capacitor. These amount to approxi-
mately 1 Aid. and 0.03 ph., respectively, with 
the method of mounting shown in Fig. 21-32. 

Coefficient of Coupling 

The same equipment can be used for measure-
ment of the coefficient of coupling between two 

Fig. 21-32—A convenient mounting, using binding- post 
plates, for L and C standards made from commercially-
available parts. The capacitor is a 100-µ0. silver mica 
unit, mounted so the lead length is as nearly zero os 
possible. The inductance standard, 5 ph., is 17 turns of 

No. 3015 B & W Miniductor, 1-inch diameter, 
16 turns per inch. 
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D CB A 
1000 100 101 1.0 

900 90 9/ 0.9 

8001 80 8 0.8 

700 70 7 0.7 

600 60 6 0.6 

500 50 5 0.5 

400 40 4 0.9 

300 30 3 0.3 

250 25 2.5 0.25 

00 20 2 0.2 

u. 
Rl 
u. 

150 15 1.5 0.15 

UI 

il 
100lo I 0.1111 
D CB a 15 

t. ! 1 

. \ 0 

1:'  

  .  • P.'   

 '11  
.9.**  

   
 • L. 

) 

25 3 4 5 6 7 8 9 10 
FREQUENCY IN MEGACYCLES 

Fig. 21-33—Chart for determining unknown values of I. and C in the range 0.1 to 100 ph. 
and 2 to 1000 µW., using standards of 100 gpf. and 5 ph. 

coils. This simply requires two nousurement, of 
iniltietanee (of one of the t'oil tIlth the coupled 
coil first open-eirettited and then short-circuitt4.1. 
(511111(41 the 100-puf. stan 1;11.'1 ea)acit ir to one 
coil and measure the induetance with the termi-
nals of the sprout' roil open. l'hen short the 
terminals of the seeond eoil and again meitsure 
the inductanee of the first. The coellieient of 
coupling is given by 

k — 

where k voeffieient of youpling 
L1 = induetanee of first roil wit Ii terminals 

of second roil open 
L2 -= ¡Mind:Uwe of first eoil with terminals 

of sevond voil shorted. 

• R.F. RESISTANCE 

Aside from the bridge methods 118141 in trans-
mission-line work, deseribi41 later, there is rela-
tively little net' 1 for measurenumt of r.f. rt)sist-
ance in amateur praetiee. Also, measurement of 
resistance by fundamental methods is not prat--
tieable with simple equipmtmt. Where suell 
measurements are mai le, tliey are usually liaset1 

20 25 30 90 50 

on known characteristics of available resistors 
used as standards. 

:\ lost types of resistors have so inueli inherent 
reaetance and skin 1)1Teet that they do not aid like 
"pure- resistanee ; it radio frequencies, but in-
stead their elTective resistanci• and impedanee 
vat-y with frequency. This is especially true of 
wiri)-wound rt•sistors. Composition (carbon) re-
sistors of 25 ohms or more as a rule have neg-
ligible induetanee for frequenvies up to 100 Mr. 
or so. The skin effect also is small, but the shunt 
eapacitance cannot be neglected in tile higher 
values of these resistors, •Mtee it reduees their 
impedanee and makes it renetive. However, for 
most purposes the rap:it-dive effects eat] be con-
sidered to be negligible in eomposition resistors of 
values up to 1000 ohms, for frequencies up to 50 
to 100 \ Ir., and the r. f. resist anee of suris units is 
praetieally the same as their (1.r. resistanee, 
lienre they can be eonsider('d ti) be prartirall.v 
pure resist:wee in such applivations as r.f. bridges, 
et e., provided they are nunnited in suds a way as 
to avoid magnetic coupling to other circuit 
eomponents, and are not So (.111Se to grounded 
metal parts ; is ti) give an appreriable inerease itt 
shunt capacitance. 

Antenna and Transmission-Line Measurements 

Two principal types of measurements are made 
on antenna systems: I I t he standing-wave ratio 
on tit() transmission line. as a illl'allS 1.01 (h.tVr-

mining whether or tmt the antenna is properly 
matched te the line (alternatively. the input re-
-!),) ) e)).• of the line or tilde:Ina may be measure(i); 

(2) the ()oniparative radiation field strength 
in the vivinity of the antenna. as a means for 
cheeking the directivity of a beam antenna and 
as :tit :Lid in adjustment of element tuning and 
phasing. lioth types of measdridnents can be 
made with rather simple 
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Field Strength Meters 

e FIELD-STRENGTH MEASUREMENTS 
The radiation intensity flioni an antenna iA 

measured with a device that is essentially a very 
simple receiver equipped with an indicator to 
give a visual representation of the comparative 
signal stretwith. Such a field-strength meter is 
used with a " piek-up antenna" which should al-
ways have the sanie polarization as the antenna 
being ch(wked — e.g., the pick-up antenna should 
be horizont al if the transmitting antenna is hori-
zontal. Cam should be taken to prevent stray 
pickup by the field-strength meter itself or by 
any transmission line that may connect it to the 
pick-up antenna. 

Field-strength measurements preferably should 
be made at a distance of several wavelengths 
from the transmitting antenna being tested. 
Measurements made within a wavelength of the 
antenna may be misleading, because of the pos-
sibility that the measuring equipment may be 
responding to the combined induction and radia-
tion fields of the antenna, rather than to the 
radiation field alone. Also, if the pick-up antenna 
has dimensions comparable with those of the 
antenna under test it is likely that the coupling 
between the two antennas will be great enough 
to cause t he piek-up antenna to tend to become 
part of the radiating system and thus result in 
misleading field-strength readings. 
A desirable form of pick-up antenna is a dipole 

installeil at the sanie height as the antenna being 
tested, wit li low-impedance line such as 75-ohm 
Twin-Lead connected at the center to transfer 
the r.f. signal to the field-strength meter. The 
length of the dipole need only be great enough to 
give adequate meter readings. A half-wave dipole 
will give high seilsit ivity, but such length will not 
be needed unless the distanee is several wave-
lengths and a relat ively insensitive meter is used. 

Field-Strength Meters 

The crystal-det ector wavemeter described 
earlier in this ehapter may be II:4141 as a field-
strength meter. It may be coupled to tin trans-
mission line from the pick-up antenna through 
the coaxial-cable jack, J 1. 
The indications with a crystal wavemeter con-

nected as shown in Fig. 21-10 will tend to be 
"square law" — that is, the meter reading will 
be proportional to the square of the r.f. voltage. 
This exaggerates the effect of relatively small ad-
justments to the antenna system and gives a 
false impression of the improvement secured. 
The meter reading can be made more linear by 
connecting a fairly large resistance in series with 
the milliammeter (or microammeter). About 
10,000 ohms is required for good linearity. This 
considerably reduces the sensitivity of the meter, 
but the lower sensitivity can be compensated for 
by making the pick-up antenna sufficiently large. 

Transistorized Wavemeter and 
Field-Strength Meter 

A sensitive field-strength meter can be made by 
using a transistor as a d.c. amplifier following 

CR, 

Fig. 21-34—Transistor d.c. amplifier 
wavemeter of Fig. 21-10 to increase 
ponents not listed below are the same 

Bi —Small flashlight cell. 
MI-0-1 d.c. milliammeter (see text). 
Q1-2N107, CK722, etc. 
RI — 10,000-ohm control. 
R2, R3- 1500 ohms, 1/2 watt. 

—S.p.s.t. toggle (on-off switch). 

applied to the 
sensitivity. Com-
as in Fig. 21-10. 

the crystal rectifier of a wavemeter. A circuit of 
this type is shown in Fig. 21-34. Depending on 
the characteristics of the particular transistor 
used, the amplification of current may be 10 or 
more times, so that a 0-1 milliampere d.c. instru-
ment becomes the equivalent of a sensitive 
microammeter. 
The circuit to the left of the dashed line in 

Fig. 21-34 is the same as the wavemeter circuit 
of Fig. 21-10, and the transistor amplifier can 
easily be accommodated in the ease shown in 
Figs. 21-11 and 21-12. 
The transistor is connected in the common-

emitter circuit with the rectified d.c. from the 
crystal diode flowing in the base-emitter circuit. 
Since there is a small residual current in the col-
lector circuit wills no current flowing in the base-
emit ter circuit, the d.c. meter is connected in a 
bridge arrangement so the residual current can 
be balanced out. This is accomplished, in the 
absence of any signal input to the transistor base, 
by adjusting RI so that the voltage drop across 
it is equal to the voltage drop from collector to 
emitter in the transistor. R2 and R3, being of the 
same resistance, have equal voltage drops across 
them and so there is no difference of potential 
across the meter terminals until the collector 
current increases because of current flow in the 
base-emitter circuit. 
The collector current in a circuit of this type 

is not strictly proportional to the base current, 
particularly for low values of base current. The 
meter readings are not directly proportional to 
the field strength, therefore, but tend toward 
"square law" response just as in the case of a 
simple diode wit h little or no resistance in its d.c. 
circuit. For this reason the d.c. meter, 3/1, should 
not have too-high sensitivity if reasonably linear 
response is desired. A 0-1 milliammeter will be 
satisfactory. 
The zero balance should be checked at inter-

vals while the instrument is in use, since the 
residual current of the transistor is sensitive to 
temperature changes. 
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21- MEASUREMENTS 

• IMPEDANCE AND STANDING-WAVE 
RATIO 

Adjustment of antenna matching systems re-
quires some means either of measuring the input 
impedance of the antenna or transmission line, 
or measuring the standing-wave ratio. "Bridge" 
methods are suitable for either measurement. 
There are many varieties of bridge circuits, 

the two shown in Fig. 21-35 being among the 
most. popular for amateur purposes. The simple 

(A) 
R, 

FOR V =0 
8 

FOR V=0 

CI 

L C2 

Fig. 21-35—Basic bridge circuits. (A) Resistance bridge; 
(B) resistance-capacitance bridge. The latter circuit is 
used in the "Micromotch," with R., a very low resistance 
(1 ohm or less) and the ratio CI /C2 adjusted accordingly 

for a desired line impedance. 

resistance bridge of Fig. 21-35A consists essen-
tially of two voltage dividers in parallel across 
a source of voltage. When the voltage drop 
across RI equals that across Rs the drops across 
112 and RL are likewise equal and there is no 
difference of potential between points A and B. 
Hence the voltmeter reading is zero and the 
bridge is said to be "balanced." If the drops 
across R1 and Rs are not equal, points A and B 
are at different potentials and the voltmeter will 
read the difference. The operation of the circuit 
of Fig. 21-35B is similar, except that one of the 
voltage dividers is capacitive instead of resistive. 

Because of the characteristics of practical com-
ponents at radio frequencies, the circuit of Fig. 
21-35A is best suited to applications where the 
ratio Ri/R2 is fixed; this type of bridge is par-
ticularly well suited to measurement of standing-
wave ratio. The circuit of Fig. 21-35B is well 
adapted to applications where a variable voltage 
divider is essential (since C1 and C2 may readily 
be made variable) as in measurement of un-
known values of R1,. 

S. W. R. Bridge 

In the circuit of Fig. 21-35A, if RI and R2 are 
made equal, the bridge will be balanced when 
RL = Rs. This is true whether RL is an actual 
resistor or the input resistance of a perfectly 
matched transmission line, provided Rs is chosen 
to equal the characteristic impedance of the line. 
Even if the line is not properly matched, the 
bridge will still be balanced for power traveling 
outward on the line, since outward-going power 
sees only the Zo of the line until it reaches the 

load. However, power reflected back from the 
load does not "see" a bridge circuit and the 
reflected voltage registers on the voltmeter. 
From the known relationship between the out-
going or " forward" voltage and the reflected 
voltage, the s.w.r. is easily calculated: 

I I; 8.11.11. = % -I-  

where Vo is the forward voltage and V, is the 
reflected voltage. The forward voltage is equal 
to E12 since Rs and RL (the Zo of the line) are 
equal. It may be measured either by disconnect-
ing RL or shorting it. 

Measuring Voltages 

For the s.w.r, formula above to apply with 
reasonable accuracy (particularly at high stand-
ing-wave ratios) the current taken by the volt-
meter must be inappreciable compared with the 
currents through the bridge "arms." The volt-
meter used in bridge circuits employs a crystal 
diode rectifier (see discussion earlier in this 
chapter) and in order to meet the above require-
ment — as well as to have linear response, which 
is equally necessary for calibration purposes — 
should use a resistance of at least 10,000 ohms in 
series with the milliammeter or microammeter. 

Since the voltage applied to the line is measured 
by shorting or disconnecting /?7, (that is, the line 
input terminals), while the reflected voltage is 
measured with RL connected, the load on the 
source of voltage E is different in the two meas-
urements. If the regulation of the voltage source 
is not perfect, the voltage E will not remain the 
same under these two conditions. This can lead to 
large errors. Such errors can be avoided by using a 
second voltmeter to maintain a check on the 
voltage applied to the bridge, readjusting the 

Fig. 21-36—Bridge circuit for s.w.r. measurements. This 
circuit is intended for use with a d.c. voltmeter, range 
5 to 10 volts, having a resistance of 10,000 ohms 

per volt or greater. 

CI, C2, C3, C4-0.005- or 0.01-0. disk ceramic. 
RI, R2-47-ohm composition, V2 or 1 watt. 
R3-52- or 75-ohm (depending on line impedance) 

composition, 1/2 or 1 watt; precision type pre-
ferred. 

R4, R3-10,000 ohms, IA watt. 
.11,12—Coaxial connectors. 
Meter connects to either "input" or "bridge" position 

us required. 
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S.W.R. Bridges 

METER 

Fig. 21-37—A simple bridge circuit useful for impedance. 
matching in coaxial lines. 

Ci, C2-0.005- or 0.01-µf. disk ceramic. 
R2-47-ohm composition, 1/2  watt. 

R3-52- or 75-ohm (depending on line impedance) com-
position, 1/2  watt; precision type preferred. 

R4- 1000-ohm composition, 1/2  watt. 
, h—Coax ial connector. 
The meter may be a 0-1 milliammeter or d.c. volt-

meter of any type having a sensitivity of 1000 ohm per 
volt or greater, and a full-scale range of 5 to 10 volts. 

Negative side of meter connects to ground. 

coupling to the voltage source to maintain con-
stant applied voltage during the two measure-
ments. Since the "input" voltmeter is simply 
used as a reference, its linearity is not important, 
nor does its reading have to bear any definite 
relationship to that of the "bridge" voltmeter, 
except that its range has to be at least twice that 
of the latter. 
A practical circuit incorporating these features 

is given in Fig. 21-36. 
If the bridge is to be used merely for antenna 

adjustment, where the object is to secure the 
lowest possible s.w.r. rather than to measure the 
s.w.r. accurately, the voltmeter requirements are 
not stringent. In this case the object is to get as 
close to a "null" or balance (that is, zero reading) 
as possible. At or near exact balance the volt-
meter impedance is not important. Neither is it 
necessary to maintain constant input voltage 
to the bridge. This simplifies the bridge circuit 
considerably, Fig. 21-37 being a practical example. 
The construction of a bridge of this type suitable 
for antenna and transmission line adjustments is 
shown in Fig. 21-38. 

Bridge Construction 

A principal point in the construction of an 
s.w.r. bridge is to avoid coupling between the 
resistors forming the bridge arms, and between 
the arms and the voltmeter circuit. This can be 
done by keeping the resistance arms separated 
and at right angles to each other, and by placing 
the crystal and its connecting leads so that 
the loop so formed is not in inductive rela-
tionship with any loops formed by the bridge 
arms. Shielding between the bridge arms and the 
crystal circuit is helpful in reducing such cou-
plings, although it is not always necessary. The 
two resistors forming the "ratio arms," R1 and 
l?, should have identical relationships with 
metal parts, to keep the shunt capacitances 

equal, and also should have the same lead lengths 
so the inductances will balance. Leads should be 
kept as short as possible. 

Testing and Calibration 

In a bridge intended for s.w.r. measurement 
(Fig. 21-3(i) rather than simple matching, the 
first cheek is to apply just enough r.f. voltage, at 
the highest frequency to be used, so that the 
bridge voltmeter reads full scale with the load 
terminals open. Observe the input voltage, then 
short-circuit the load terminals and readjust the 
input to the same voltage. The bridge voltmeter 
should again register full scale. If it does not, the 
ratio arms, R1 and 112, probably are not exactly 
equal. These two resistors should be carefully 
matched, although their actual value is not 
critical. If a similar test at a low frequency 
shows better balance, the probable cause is stray 
inductance or capacitance in one arm not bal-
anced by equal strays in the other. 

After the " short" and " open" readings have 
been equalized, the bridge should be checked for 
null balance with a "dummy" resistance, equal to 
the line impedance, connected to the load termi-
nals. It is convenient to mount a half- or 1-watt 
resistor of the proper value in a coax connector, 
keeping it centered in the connector and using 
the minimum lead length. The bridge voltmeter 
should read zero at all frequencies. A reading 
above zero that remains constant at all fre-
quencies indicates that the "dummy" resistor is 

Fig. 21-38—An inexpensive bridge for matching ad-
justments using the circuit of Fig. 21-37. It is built in a 
1% X 21/2  X 4-inch "Channel-lock" box. The standard 
resistor, I23, bridges the two coax connectors. A pin jack 
is provided for connection to the d.c. meter, 0-1 ma. or 
0-500 pa.; the meter negative can be connected to the 

case or to one of the coax fittings. 
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21- MEASUREMENTS 

not matched to R3, while readings that vary with 
frequency indicate stray reactive effects or stray 
coupling between parts of the bridge. 
When the operation is satisfactory on the two 

points just described, the null should be checked 
with the dummy resistor connected to the bridge 
through several different lengths of transmission 
line, to ensure that R3 actually matches the line 
impedance. If the null is not complete in this test 
both the dummy resistor and R3 will have to be 
adjusted until a good match is obtained. With 
care, composition resistors can be filed down to 
raise the resistance, so it is best to start with re-
sistors somewhat low in value. With each change 
in R3, adjust the dummy resistor to give a good 
null when connected directly to the bridge, then 
try it at the end of several different lengths of 
line, continuing until the null is satisfactory under 
all conditions of line length and frequency. 
With a high-impedance voltmeter, the s.w.r. 

readings will closely approximate the theoretical 
curve of Fig 21-39. The calibration can be 
checked by using composition resistors as loads. 

02 04 06 06 10 
METER READING 

Fig. 21- 39— Standing-wave ratio in terms of meter read-
ing ( relative to full scale) after setting forward voltage 

to full scale. 

Adjust the transmit ter coupling so that the bridge 
voltmeter reads full scale with the output termi-
nals open, and then cheek the input voltage. 
Connect various values of resistance across the 
output terminals, making sure that the input 
voltage is readjusted to be the same in each ease, 
and note the reading with the meter in the bridge 
position. This cheek should be made at a low 
frequency such as 3.5 Mc. in order to minimize 
the effect of reactance in the resistors. The s.w.r. 
is given by 

RL Ro 
S. 117.R. = — or — 

R0 RL 

where Ro is the line impedance for which the 
bridge has been adjusted to null, ami RL is 
the resistance used as a load. Use the formula 
that places the larger of the two resistances in 
the numerator. If the readings do not correspond 
exactly for the same s.w.r. when appropriate 

resistors above and below the line impedance for 
which the bridge is designed are used, a possible 
reason is that the current taken by the volt-
meter is affecting the measurements. 

Using the Bridge 

The operating procedure is the same whether 
the bridge is used for matching or for s.w.r. meas-
urement. Apply power with the load terminals 
either open or shorted, and adjust the input until 
the bridge voltmeter reads full scale. Because the 
bridge operates a very low power level it may be 
necessary to couple it to a low-power driver stage 
rather than to the final amplifier. Alternatively, 
the plate voltage and excitation for the final 
amplifier may be reduced to the point where the 
power output is of the order of a few watts. Then 
connect the load and observe the voltmeter read-
ing. For matching, adjust the matching network 
until the best possible null is obtained. For s.w.r. 
measurement, note the r.f. input voltage to the 
bridge after adjusting for full-scale with the load 
terminals open or shorted, then connect the load 
and readjust the transmitter for the same input 
voltage. The bridge voltmeter then indicates the 
standing-wave ratio as given by Fig. 21-39. 

Antenna systems are in general resonant sys-
tems and thus exhibit a purely resistive imped-
ance at only one frequency or over a small band 
of frequencies. In making bridge measurements, 
this will cause errors if the r.f. energy used to 
operate the bridge is not. free from harmonics and 
other spurious components, such as frequencies 
lower than the desired operating frequency that 
may be fed through the final amplifier from a 
frequency-doubler stage. When a good null can-
not be secured in, for example, the course of ad-
justing a matching section for 1-to- I s.w.r., 
cheek should be made to ensure that only the 
desired measurement frequency is itresent. An 
indicating-type al sorption frequency meter eou-
pled to the load usually will show whether energy 
on undesired frequeneies is present in significant 
amounts. If so, additional seleutivity must be 
used between the source of pnver and the meas-
uring eireuit. 

Bridge for Monitoring S. W. R. 

The low power level al whieh resistance-type 
bridges must operate is a disadvantage when the 
bridge is used as an operating adjunct — e.g., 
for the adjustment of matching circuits when 
changing bands, or for readjustment of such 
circuits within a band. For this purpose a bridge 
is needed that will carry the full power output of 
the transmitter without absorbing an appre-
ciable fraction of it. 
The " Monimatch" shown in Figs. 21-40 to 

21-43, inclusive, is such a device. It makes use 
of the eombined effects of inductive and capaci-
tive coupling between the center conductor of a 
coaxial line and a length of win. parallel to it. 
When the coupled wire is prols.rly terminated 
in a resistance, the voltage indueed in it by power 
travelling along the line in one direction will be 
balanced out in the crystal-rectifier r.f. voltmeter 
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Monimatch 

Fig. 21-40—Monimatch and indicator 
unit. The bridge is contained in the 
2 X 4 X 4-inch aluminum box at the 
left. The indicator unit, mode separate 
from the bridge in cose the latter has 
to be installed in a spot where the 
meter would not be readily visible, ft 
in a 3 X 4 X 5-inch box. Any con-
venient length of three-conductor cable 
(preferably shielded) can be used to 

connect the two. 

circuit, but power travelling along the line in the 
opposite direction %ill cause a voltmeter indiea-
tion. If the bridge is adjusted to mateh the Zo of 
t le C1011,Xial Hill being used, the voltmeter will 
resound only to the reflerted ‘niltage, just as in 
t II -ase ii t trsistanre-type bridges. The power 
consumed in t he bridge is lieltiw one watt, even 
at the maximum power permitted amateur 
transmit t yrs. 
The eirettit if Fig. 21-41 has two sueh bridge 

eircuits so ri t li(q. the incident or reflected voltage 
can be measured. 
The sensitivity of this type of laidge is pro-

loin( ional to frequency, so higher power is re-
quired for i given voltmeter defleetion at low 
than at high Ireqtienries. Typieal values of 
"forward" wet the, t purrent (with Fig. 21-42, 
at zero resist:no-e) are as follows, with a bridge 
tuljusted for a rharacteristie imIxolance of 52 
ohms: 

Band 10 Wails RP'. 50 Walls R.F. 

3.5 Mc. 70 ma. • 250 Ma. 
7 Me. 200 pa. 
I . 750 oa. 1 ma. I Mr Over I ma. 

2 I -2S le. Over I nia. Over 1 ma. 

A current of 1 ma. on 3.5 Me. can be obtained 

FROM 
VAT R. 

JI CR, 

MODIFIED 
COAXIAL LINE-

METER 
FWD. Q_ 

1000 

REF. 

CR2 

1000 

R 

TO 
ANT. 

Fig. 21-41—Circuit of the Monimatch. The bridge element 
is a 24-inch length of coaxial cable modified as de-
scribed in the text. Capacitors are disk ceramic; capac-

itances in µO. 
CR1, 022—General-purpose germanium diodes ( 1N34A, 

etc.) 
h—Coaxial fittings, chassis-mounting type. 

RI—Approximately 35 ohms for 52-ohm line; see text, 

with a power level of somewhat over 200 watts. 
These rurrents depend somewhat on the internal 
resistanee of the d.e. instrument. 

SENSITIVITY 

R, 

--0 

FWD. REF 

Fig. 21-42—Indicator-unit circuit. For low power and low 
frequencies, MI should be a 0-100 microammeter. A 0-1 

milliommeter will suffice in other cases. 
R; — 25,000-ohm control. 

—5.p.d.t. toggle. 

The sensitivity also increases with an increase 
in rid& length. but the cable should not be 
much longer than about 1/20 wavelength, to 
avoid standing-wave effects in the piek-up eir-
euit. The length given in Fig. 21-41 is suitable 
for frequeneies up to about 50 Mc. For higher 
frequeneies the length should be decreased in 
proportion to the wavelength. This reduces the 
sensitivity eonsiderably at the lower frequencies, 
so it is advisable to make separate units for 
y, ud. and the frequencies below 30 
The additional conductor in the bridge shown 

in the photographs is a length of No. 30 enam-
eled wire. To insert it under the (-able shield, 
first loosen the braid by bunehing it from the 
ends toward the eente.r. Punch a small hole 
about ineh from earh end of the braid and 
insert the end of the wire through one hole, 
then work it under the braid until it pan be 
pulled out through the other hole. Next. smooth 
out the braid to its original length, 'wing careful 
not to apply so muell pressure that the enamel 
on the wire is muddied. Then open a small hole 
in the braid at the exaet center of the length and 
fish enough 01 the No. 30 wire through to make 
the eonneet ion for NI. again being (•areful about 
st-raping t he enamel tiff. Cheek with an ohmmeter 
to make sure the wire and braid are not short 
cireuited. Then wrap the ends of the braid with 
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21- MEASUREMENTS 

Fig. 21-43—Constructional details of the Monimatch ( Fig. 
21-40). This unit uses RG-58 /t.1(52-ohm) cable, formed into 
several circular turns so the center where the tap for RI 
is taken off will be close to the input and output connec-
tors. The crystal diodes are mounted on tie points along-
side the coax fittings so leads are kept as short as possible. 
The terminating resistor Ri consists of two resistors (47 
and 150 ohms) in parallel to give a resistance of ap-
proximately 35 ohms. The socket for d.c. connections to 
the indicator unit is an Amphenol 71-45 (71-35 can be 
substituted). Outside braid of the cable is spot soldered 
between adjacent turns in several places for mechanical 

support and to ensure good grounding. 

a turn or two of bare wire to prevent fraying 
and apply a drop or two of solder. The com-
pleted assembly may then be wound in a circle 
or other form t hat will bring the center connes -
lion near the two ends, and finally installed as 
shown in Fig. 21-43. 

NVith heavier cable than the RG-58/U used 
in the unit shown it will probably be necessary 
to use a larger box. RG-58/U is rated for 430 
watts of r.f. up to 30 Mc. and, R(1-59/U for 
680 watts. For higher powers ItG-8/U or RG-
11/1.1 should be used. An example of construc-
tion using heavier cable is shown in the section 
on transmission lines. Aside from power, the 
type of cable should be chosen to match the 
citaracteristic impedance of the line with which 
the Monimatch is to be used. 
A dummy antenna of the same resistance as 

the Zo of the lisse should be used to adjust 111 
(Fig. 21-41). A suitable dummy may be made by 
connecting four 220-ohm 1-watt composition re-
sistors in parallel for 52-ohm line (or four 300-ohm 
resistors for 75-ohm lisse). Make the connecting 
leads as short as possible. The transmitter may 
be used as a source of power if its output can 
be reduced to about 4 watts, or a 40-watt lamp 
may be connected its series in the line from the 
transmitter to the bridge if the transmitter 
power cannot be reduced below 50 watts. With 
power applied (preferably at 28 Mc.) through 
Ji and the dummy connected to J2, try values for 

until the meter reading is zero with SI its the 
"reflected" position. It is best to start with the 
resistance a little high (a few trials will show 

which way to go) and then try various valises of 
resistance in parallel until a good null reading 
is secured. The final value should lie between 
the limits of 25 and 100 ohms. Finally, reverse 
the transmitter and load connections, when a 
good null should be obtained with the switch in 
the " forward " posit ion. The " forward " and 
"reflected" readings should be substantially 
identical both ways if the construction is sym-
metrical. 
With Si in the " forward" position the meter 

gives a relative indication of power out and 
thus is useful for transmitter tuning. With Si its 
the "reflected" position the meter reading will 
be zero when the line is properly matched. 

Impedance Bridge 

The bridge shown in Figs. 21-44 to 21-46, in-
clusive, uses the basic circuit of Fig. 2I-35B and 
incorporates a " differential" capacitor to obtain 
an adjustable ratio. When a resistive load of un-
known value is connected in place of RL, the 
C5/("2 ratio may be varied to attain a balance, as 
indicated I iy a null reading. The capacitor settings 
can be calibrated in terms of resistance at RI, 
so the unknown value can be read off the cali-
bration. 
The differential capacitor cottsists of two iden-

tical capacitors on t he saine shaft arranged so 
that when the shaft is rotated to increase the 
capacitance of one unit, the capacitance of the 
other decreases. The practical circuit of the 
bridge is given in Fig. 21-45. Satisfactory opera-
tion hinges on olwerving the same constructional 
precautions as in the case of the s.w.r. bridge. 
Although a high-impedance voltmeter is not 

Fig. 21-44—An RC bridge for measuring unknown values 
of impedance. The bridge operates at an r.f. input 
voltage level of about 5 volts. The aluminum box is 

4 by 5 by 6 inches. 
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Impedance Bridge 
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12K 
CR , 
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0 - 500 i 01 .  

essential, since the bridge is always adjusted for 
a null, the use of such a voltmeter is advisable 
because its better linearity makes the actual 
null settings snore accurately observable. 

With the circuit arrangement and capacitor 
shown, the useful range of the bridge is from 
about 5 ohms to 400 ohms. The calibration is 
such that the percentage accuracy of reading is 
approximately constant at all parts of the scale. 
The midseale value is in the range 50-75 ohms, 
to correspond to the Zo of coaxial cable. The 
reliable frequency range of the bridge includes all 
amateur bands from 3.5 to 5 I Mc. 

Checking and Calibration 

A bridge constructed as shown in the photo-
graphs should show a complete null at all fre-
quencies within the range mentioned above when 
a 50-ohm " dummy" load of the type described 
earlier in connection with the s.w.r. bridge is 
connected to the load terminals. The bridge may 
be calibrated by using a number of !•;-watt 
5% tolerance composition resistors of different 
values in the 5-400 ohm range as loads, in each 
case balancing the bridge by adjusting CI for a 
null reading on the meter. The leads between 
the test resistor and af2 should be as short as 
possible, and the calibration preferably should 
be done in the 3.5-Me. band where stray in-
ductance and capacitance will have the least 
effect. 

Using the Bridge 

Strictly speaking, a simple bridge can measure 
only purely resistive impedances. When the load 
is a pure resistance, the bridge can be balanced 
to a good null (meter reading zero). If the load 
has a reactance component the null will not be 
complete; the higher the ratio of reactance to 
resistance in the load the poorer the null reading. 
The operation of the bridge is such that when 
an exact null cannot be secured, the readings 
approximate the resistive component of the load 
for very low values of impedance, and approxi-
mate the total impedance at very high values of 
impedance. In the mid-range the approximation 
to either is poor, for loads having considerable 
reactance. 

In using the bridge for adjustment of matching 
networks C1 is set to the desired value (usually 
the Zo of the coaxial line) and the matching net-
work is then adjusted for the best possible null. 

Fig. 21-45—Circuit of the impedance 
bridge. Resistors are composition, 1/2 
watt except as noted. Fixed capaci-

tors are ceramic. 
LOAD CI—Differential capacitor, 11-161 

µO. per section ( Millen 
28801). 

CR1—Germanium diode ( 1N34, 
1N48, etc.). 

.11, h—Coaxial connectors, chassis 
type. 

MI-0-500 microammeter. 

• PARALLEL-CONDUCTOR LINES 
Bridge measurements made directly on paral-

lel-conductor lines are frequently subject to 
considerable error because of " antenna" currents 
flowing on such lines. These currents, which are 
either induced on the line by the field around the 
antenna or coupled into the line from the trans-
mitter by stray capacitance, are in the same 
phase in both line wires and hence do not balance 
out like the true transmission-line currents. They 
will nevertheless actuate the bridge voltmeter, 
causing an indication that has no relationship to 
the standing-wave ratio. 

S.W.R. Measurements 

The effect of "antenna" currents on s.w.r. 

Fig. 21-46—All components except the meter are 
mounted on one of the removable sides of the box. The 
variable capacitor is mounted on an L-shaped piece of 
aluminum (with half-inch lips on the inner edge for bolting 
to the box side) 2 inches wide, 21/4 inches high and 234 
inches deep, to shield the capacitor from the other com-
ponents. The terminals project through holes as shown, 
with associated components mounted directly on them 
and the load connector, J2. Since the rotor of C1 must not 
be grounded, the capacitor is operated by an extension 
shaft and insulated coupling. 

The lead from Ji to CIA, should go directly from the 
input connector to the capacitor terminal (lower right) to 
which the 68-ohm resistor is attached. The 4700-ohm 
resistor is soldered across h. 
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measurements can be largely overcome by using 
a coaxial bridge and coupling it to the parallel-
emit Ilicior lie through a properly designed 
impedance-matching circuit. A suitable circuit 
is given in li g. 21-47. An antenna coupler c:Lit be 
used for t Ii • Ifl trpose. In the balanced tank cireilit 
the " antenna" or parallel components on the line 
tend to balance out and so are not passed on to 
the s.w.r. bridge. It is essential that L1 be coupled 
to a " cold" point on L2 to minimize capacitive 
coupling, and also desirable that the center of L2 
be grounded to the chassis on which the circuit is 
mounted. Values should bc swill that, L2C2 can be 
tuned to t loi operating freqinincy and that, Li pro-
vides sufficient coupling, as deseribed in the trans-
mission-line chapter. The measurement procedure 
is as follows: 
Connect a noninduetive or 1-watt carbon) 

resistor, having the same value as the charac-
teristic impedance of the parallel-conductor line, 
to the " line" terminals. Apply r.f, to the bridge, 
adjust the taps on L2 (keeping them equidistant 

TO COAX 
SOURCE—U - 7 
OF RF 

BRIDGE 

Ci L2 

LINE 

Fig. 21-47—Circuit for using coaxial s.w.r. bridge for 
measurements on parallel-conductor lines. Values of cir-
cuit components are idential with those used for the similar 
"antenna-coupler" circuit discussed in the chapter on 

transmission lines. 

from the center), while varying the capacitance of 
C1 and C2, until the bridge shows a null. After the 
null is obtained, do not touch any of the circuit 
adjustments. Next, short-circuit the " line" ter-
minals and adjust the r.f. input until the bridge 
voltmeter reads full scale. Remove the short-
circuit and test resistor, and connect the regular 
transmission line. The bridge will then indicate 
the standing-wave ratio on the line. 
The circuit requires rematching, with the test 

resistor, whenever the frequency is changed 
appreciably. It can, however, be used over a 
portion of an amateur band without readjust-
ment, with negligible error. 

Impedance Measurements 

Measurements on parallel-conductor lines and 
other balanced loads can be made with the im-
pedance bridge previously described by using a 
balm of the type shown sche-
matically in Fig. 21-48. This is 

Fig. 21-49—Balun construction 
(W2ZE). 150-ohm Twin-Lead may 
be used for the bifilor winding in 
place of the ordinary wire shown. 
Symmetrical construction with tight 
coupling between the two coils is 

essential to good performance. 

TO 
BRIDGE 

Fig. 21-48—Tuned balun for coupling between balanced 
and unbalanced lines. L: and t2 should be built as a bi-
filar winding to get as tight coupling as possible between 

them. Typical constants are as follows: 

Freq., Mc. LI, L2 Ci 

28 3 turns each on 2-inch 
form, equally 
spaced over M6 

inch, total. 

14 

7 

3.5 

Same as 28 Mc. 

8 turns of 150-ohm 
Twin- lead, no 
spacing between 
turns, on 234-inch 
dia. form. 

Same as 7 Mc. 

Ca 

4 ppf. 420 Apt 

39 pd. 0.0015 pf. 

None 0.001 pf. 

62 pipif. 0.0045 id. 

Capacitors in unit shown in Fig. 21-49 are NPO disk 
ceramic. Units may be paralleled to obtain proper ca-

pacitance. 

an autotransformer having a 2-to-I turns ratio 
and thus provides a 4-to-1 step-down in imped-
ance from a balaneed load to the output, circuit 
of the bridge, ole side of which is grounded. 
L1 and L2 must be as tightly coupled as possible, 
and so should be const meted as a bifilar winding. 
The cireuit is resonated to the operating fre-
queney by C1, and C2 serves to tune out any 
residual reartanee t hat may be present Isicause 
the colliding bet n een the two coils is not quite 
perfect. 

Fig. 21-49 shows one method of roust limiting 
such a b alun. The t wo interwound coils are made 
as nearly identieal as possible, the " finish" end 
of the first Iteing ronneeted to the " start" end 
of the second through a short lead running under 
the winding inside the form. The center of this 
lead is tapped to give the colin -et ion to the shell 
side of the coax comwctor. CI should be chosen 
to resonat e the cireuit, at the renter of the band 
for which the balun is designed with ../1 open, and 
C2 should resonate the circuit to the same fre-
queney with both ./ 1 and the " load" terminals 
short it The frequently checks may Ito made wit It 
a grid-dip meter. (Kr further details, see QS7' 
for August, 1955.) 
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Willi the I >akin iii usi. the bridge is operated in 
the same way as previously described, except that 
all impedance readings must be multiplied by 4. 
The balun also may be used for s.w.r. measure-
ments on 300-ohm line in conjunction with a 
resistance bridge designed for 75-ohm coaxial line. 

The " Twin-Lamp" 

A simple and inexpensive standing-wave 
indicator for 300-ohm line is shown in Fig. 
21-50. It consists only of two flashlight lamps 
and a short piece of 300-ohm line. When laid flat 
against the line to be checked, the coupling is 
such that outgoing power on the line causes the 
lamp nearest to the transmitter to light, while 
reflected power lights the lamp nearest the load. 
The power input to the line should be adjusted 
to make the lamp nearest the transmitter light 
to full brilliance. If the line is properly matched 

Fig. 21-50—The "twin- lamp- standing-wave indicator 
mounted on 300-ohm Twin- Lead. Scotch tape is used 

for fastening. 

Fig. 21-51—Wiring diagram of the "twin-lamp" stand-
ing-wave indicator. 

and the reflected power is very low, the lamp 
toward the antenna will be dark. If the s.w.r. is 
high, the two lamps will glow with practically 
equal brilliance. 
The length of the piece of 300-ohm line needed 

in the twin-lamp will depend on the transmitter 
power and the operating frequency. A few inches 
will suffice with high power at high frequencies, 
while a foot or two may be needed with low power 
and at low frequencies. 

In constructing the twin-lamp, eut one wire in 
the exact center of the piece and peel the ends 
back on either side just far enough to provide 
leads to the flashlight lamps. Remove about 
inch of insulation from one wire of the main 
transmission line at some convenient point. Use 
the lowest-current flashlight bulbs or dial lamps 
available. Solder the tips of the bulbs together 
and connect them to the bare point in the trans-
mission line, then solder the ends of the cut por-
tion of the short piece to the shells of the bulbs. 
Figs. 21-50 and -51 should make the construc-
tion clear. 
The twin-lamp will respond to "antenna" cur-

rents on the transmission line in much the same 
way as the bridge circuits discussed earlier. There 
is therefore always a possibility of error in its in-
dications, unless it has been determined by other 
means that "antenna" currents are inconsequen-
tial compared with the true transmission-line 
current. 

The Oscilloscope 

The cathode-ray oscilloscope gives a visual 
representation of signals at both audio and radio 
frequencies and can therefore be used for many 
types of measurements that are not possible with 
instruments of the types discussed earlier in this 
chapter. In amateur work, one of the principal 
uses of the scope is for displaying an amplitude-
modulated signal so a phone transmitter can be 
adjusted for proper modulation and continu-
ously monitored to keep the modulation percent-
age within proper limits. For this purpose a very 
simple circuit will suffice, and a typical circuit is 
described later in this section. 
The versatility of the scope can be greatly in-

creased by adding amplifiers and linear deflection 
circuits, but the design and adjustment of such 
circuits tends to be complicated if optimum per-
formance is to be secured, and is somewhat out-
side the field of this section. Special components 
are generally required. Oscilloscope kits for home 
assembly are available from a number of suppliers, 
and since their cost compares very favorably 

with that of a home-built instrument of com-
parable design, they are recommended for serious 
consideration by those who have need for or are 
interested in the wide range of measurements 
that is possible with a fully equipped scope. 

• CATHODE-RAY TUBES 
The heart of the oscilloscope is the cathode-

ray tube, a vacuum tube in which the electrons 
emitted from a hot cathode are first accelerated 
to give them considerable velocity, then formed 
into a beam, and finally allowed to strike a 
special translucent screen which fluoresces, or 
gives off light at the point where the beam 
strikes. A beam of moving electrons can be moved 
laterally, or deflected, by electric or magnetic 
fields, and since its weight and inertia are neg-
ligibly small, it can be made to follow instantly 
the variations in periodically changing fields at 
both audio and radio frequencies. 
The electrode arrangement that forms the 

electrons into a beam is called the electron gun. 
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Heater Cathea'e 

Vertical 
Higk-voltage anode deplateflecting 
(Anode ». y s 

Castro! eectrode Focusing. Horizontal 
(Grid Hai)  electrode detlectin.g 

(Anode Mii) ptes 

Glass ". 
envelope 

Electron beam. s 

flaopescent sceren 

Fig. 21-52—Typical construction for a cathode-ray tube of the electrostatic- deflection type. 

In the simple tube structure shown in Fig. 
21-52, the gun consists of the cathode, grid, 
and anodes Nos. 1 and 2. The intensity of the 
electron beam is regulated by the grid in the 
same way as in an ordinary tube. Anode No. 1 
is operated at a positive potential with respect 
to the cathode, thus accelerating the electrons 
that pass through the grid, and is provided 
with small apertures through which the elec-
tron stream passes. On emerging from the 
apertures the electrons are traveling in practi-
cally parallel straight-line paths. The electro-
static fields set up by the potentials on anode 
No. 1 and anode No. 2 form an electron lens 
system which makes the electron paths con-
verge or focus to a point at the fluorescent screen. 
The potential on anode No. 2 is usually fixed, 
while that on anode No. 1 is varied to bring the 
beam into focu,. Anode No. 1 is, therefore, called 
the focusing electrode. 

Electrostatic deflection, the type generally 
used in the smaller tubes, is produced by de-
flecting plates. Two sets of plates are placed at 
right angles to each other, ftS indicated in Fig. 
21-52. The fields are created by applying suit-
able voltages between the two plates of each 
pair. Usually one plate of each pair is connected 
to anode No. 2, to establish the polarities of 
the vertical and horizontal fields with respect 
to the beam and to each other. 

Formation of Patterns 

When periodically-varying voltages are ap-
plied to the two sets of deflecting plates, the 
path traced by the fluorescent spot forms a 
pattern that is stationary so long as the ampli-
tude and phase relationships of the voltages 
remain unchanged. Fig. 21-53 shows how one 
such pattern is formed. The horizontal sweep 
voltage is assumed to have the "sawtooth" 
waveshape indicated. With no voltage applied 
to the vertical plates the trace simply sweeps 
from left to right across the screen along the 
horizontal axis X— X' until the instant H is 
reached, when it reverses direction and snaps 
back to the starting point. The sine-wave voltage 
applied to the vertical plates similarly would 
trace a line along the axis Y—Y' in the absence 
of any deflecting voltage on the horizontal 
plates. However, when both voltages are pres-
ent the position of the spot at any instant 
depends upon the voltages on both sets of 

Il 

HO R ZONTAL 

plates at that instant. Thus at time B the 
horizontal voltage has moved the spot a short 
distance to the right and the vertical voltage 
has similarly moved it upward, so that it 
reaches the actual position B' on the screen. 
The resulting trace is easily followed from the 
other indicated positions, which are taken at 
equal time intervals. 

Types of Sweeps 

A sawtooth sweep-voltage wave shape, such 
as is shown in Fig. 21-53, is called a linear 
sweep, because the deflection in the horizontal 
direction is directly proportional to time. If 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the end 
(H) to the beginning (I or A of the horizontal 
trace, would be zero, so that the line HI would 
be perpendicular to the axis Y—Y'. Although 
the fly-back time cannot be made zero in prac-
ticable sweep-voltage generators it can be 
made quite small in comparison to the time of 
the desired trace AH, at least at most frequen-
cies within the audio range. The line WI' is 
called the return trace; with a linear sweep it is 
less brilliant than the pattern, because the spot is 
moving much more rapidly during the fly-back 
time than during the time of t he main trace. 
The linear sweep shows the shape of the wave 

O VERTICAL 

H 

TIME ---••• 

Fig. 21 - 53 — A.c.-
10 voltage waveshape 

as viewed on an os-
cilloscope screen, 
showing the forma-
tion of the pattern 
from the horizontal 
(sawtooth) and ver-
tical sweep voltages. 
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in the same way that it is usually represented 
graphically. If the period of the a.c. voltage ap-
plied to the vertical plat es is considerably less than 
the time taken to sweep horizontally across the 
screen, several cycles of the vertical or "signal" 
voltage will appear in the pattern. 

For many amateur purposes a satisfactory 
horizontal sweep is simply a 60-cycle voltage 
of adjustable amplitude. In modulation moni-
toring (described in the chapter on amplitude 
modulation) audio-frequency voltage can be 
taken from the modulator to supply the horizon-
tal sweep. For examination of audio-frequency 
wave forms, the linear sweep is essential. Its fre-
quency should be adjustable over the entire 
range of audio frequencies to be inspected on the 
oscilloscope. 

Lissajous Figures 

When sinusoidal a.c. voltages are applied 
to the two sets of deflecting plates in the os-
cilloscope the resultant pattern depends on 
the relative amplitudes, frequencies and phase 
of the two voltages. If the ratio between the 
two frequencies is constant and can be expressed 
in integers a stationary pattern will be produced. 
This makes it possible to use the oscilloscope for 
determining an unknown frequency, provided a 
variable frequency standard is available, or for 
determining calibration points for a variable-
frequency oscillator if a few known frequencies 
are available for comparison. 
The stationary patterns obtained in this 

way are called Lissajous figures. Examples 
of some of the simpler Lissajous figures are 
given in Fig. 21-54. The frequency ratio is found 
by counting the number of loops along two adja-
cent edges. Thus in the third figure from the 
top there are three loops along a horizontal 
edge and only one along the vertical, so the 
ratio of the vertical frequency to the horizontal 
frequency is 3 to 1. Similarly, in the fifth 
figure from the top there are four loops along 
the horizontal edge and three along the ver-
tical edge, giving a ratio of 4 to 3. Assuming 
that the known frequency is applied to the 
horizontal plates, the unknown frequency is 

n2 
12 — fi 

ni 
known frequency applied to hori-
zontal plates, 

f2 unknown frequency applied to ver-
tical plates, 
number of loops along a vertical 
edge, and 
number of loops along a horizontal 
edge. 

An important application of Lissajous fig-
ures is in the calibration of audio-frequency 
signal generators. For very low frequencies the 
60-cycle power-line frequency is held accurately 
enough to be used as a standard in most localities. 
The medium audio-frequency range can be cov-
ered by comparison with the 440- and 600-cycle 
modulation on the WWV transmissions. An 
oscilloscope having both horizontal and vertical 

where fi 

ni 

n2 

PAT TERNS FREQ. RATIO 

1:1 

2:1 

3:1 

3 : 

A .3 

Fig. 21.54 — Lissajous figures and corresponding fre-

quency ratios for a 90-degree phase relationship between 

the voltages applied to the two sets of deflecting plates. 

amplifiers is desirable, since it is convenient to 
have a means for adjusting the voltages applied 
to the deflection plates to secure a suitable pat-
tern size. It is possible to calibrate over a 10-
to-1 range, both upwards and downwards, from 
each of the latter frequencies and thus cover the 
audio range useful for voice communication. 

Basic Oscilloscope Circuit 

The essential oscilloscope circuit is shown in 

Fig. 21-55—Oscilloscope circuit for modulation moni-
toring. Constants are for 1500- to 2500-volt h.v. supply. 
For 1000-1500 volts, omit RA and connect the bottom 

end of R7 to the top end of Ro. 
Ci-05, inc.-3000-volt disk ceramic. 
RI, Ro, Ro, Rn—Volume-control type, linear taper. 
Ito, R4, 125 Ro, Rio-1/2 watt. 
R7, Ro-1 watt 
VI—Electrostatic-deflection cathode-ray tube, 2- to 5-

inch. See tube tables for base connections and 
heater ratings of type chosen. 
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Fig. 21-55. The minimum requirements are sup-
plying the various electrode potentials, plus con-
trols for focusing and centering the spot on the 
face of the tube and adjusting the spot intensity. 
The circuit of Fig. 21-55 can be used with electro-
static-deflection tubes from two to five inches in 
face diameter, with voltages up to 2500. This in-
cludes practically all the types popular for small 
oscilloscopes. 
The circuit has provision for introducing signal 

voltages to the two sets of deflecting plates. 
Either set of deflecting electrodes (DID2, or 
D3D4) may be used for either horizontal or verti-
cal deflection, depending on how the tube is 
mounted. 
The high voltage may be taken from a trans-

mitter power supply if desired. The current is 
only a milliampere or so. The voltage preferably 
should be constant, such as is obtained from a 
supply having a constant load — e.g., the supply 
for the Class C amplifier in an a.m. transmitter. 

In the circuit of Fig. 21-55 the centering con-
trols are at the full supply voltage above ground 
and therefore should be carefully insulated by 
being mounted on bakelite or similar material 
rather than directly on a metal panel or chassis. 
Insulated couplings or extension shafts should be 
used. The focussing control is also several hun-
dred volts above ground and should be similarly 
insulated. 
The tube should be protected from stray mag-

netic fields, either by enclosing it in an iron or 
steel box or by using one of the special c.r. tube 
shields available. If the heater transformer (or 
other transformer) is mounted in the same cabi-
net, care must be used to place it so the stray 
field around it does not deflect the spot. The spot 
cannot be focussed to a fine point when influ-
enced by a transformer field. 

Modulation Monitoring 

The addition of Fig. 21-56 to the basic circuit 
of Fig. 21-55 provides all that is necessary for 
modulation checking. The r.f. from the trans-
mitter is applied to the vertical plates through a 
tuned circuit LiCi and link L2. When adjusted to 
the transmitter operating frequency the tuned 
circuit furnishes ample deflection voltage even 
from a low-power transmitter, and CI can be 
used to control the pattern height. 

Deflection voltage for the horizontal plates 
can be taken from the modulation transformer 
secondary of an a.m. transmitter, or 60-cycle de-
flection can be used to give a wave-envelope type 
pattern. In either case a maximum of about 200 
volts r.m.s. will give full-width deflection. This 
voltage is almost independent of the size of c.r. 
tube used. Methods of using such a scope for 
modulation checking are described in the chapter 
on amplitude modulation. 

R. E 

INPUT 

AUDIO 
INPUT w S1A 

r•Z 

TO VERT. 
PLATES 

looppf. 

 0 H 

TO NOR. 
PLATES 

d-îr 

115 V.A.C. 

Fig. 21-56—Circuits for supplying r.f., audio, and a.c. 
voltages to oscilloscope deflection plates for modulation 

monitoring. 
Ci- 100-.f. variable, receiving type. 
1.1-1.75 Mc.: 30 enam. close-wound on 1-inch form, 

coil length 3/4 inch. 
3.5-8 Mc.: 30 turns No. 22 enam., close-wound on 

1-inch form. 
13-30 Mc.; 7 turns No. 22, spread to 3/4 inch length 

on 1-inch form. 
1.2-2 or more turns, as required for sufficient coupling, 

at cold end of Li. 
R1—Volume control, 0.25 megohm or more. 
Si —D.p.d.t. switch. 
Ti—Interstage audio transformer, any type. Use second-

ary-to-primary turns ratio of 1-to-1 to 2-to- 1. 

Frequency Limitations of Oscilloscopes 

Most commercial or kitted oscilloscopes in-
clude vacuum-tube amplifiers between the input 
terminals and the deflection plates, to increase 
the sensitivity and usefulness of the instrument. 
Depending upon the construction of the ampli-
fiers, their uscful frequency range may be only as 
high as several hundred kc., although more ex-
pensive instruments will include amplifiers that 
work in the megacycle range. The operator should 
acquaint himself with the frequency limitations 
of the 'scope through study of the specifications, 
since attempts to pass, e.g., a -150-kc. i.f. signal 
through an amplifier that cuts off at 100 ke. are 
doomed to failure. No such frequency limits ap-
ply when the connection is made directly to the 
deflection plates, and consequently r.f. at 20 to 
30 Mc. can be applied by the method shown in 
Fig. 21-56. A practical limitation will be found 
when r.f. from the vertical plates is (stray) 
capacitively coupled to the horizontal-cletlection 
plates: this will show as a thickening of the tram. 
In some instances it can be reduced by r.f. 
bypassing of the horizontal deflection plates. 
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CHAPTER 22 

Assembling a 

Station 

The actual location josh le t he house of the 
"shack" --- the room where the transmitter 
and receiver are loeitt,eil — depends, of eourse, 
oil the free space available for amateur aet ivi-
ties. Fortunate indeeil is the amateur with a 
separate room that he can reserve for his hi tliby, 
or t he few who can have a sperial small building 
separate from the iiitiiit 11011Se. 110WeVer, most 
antati.nrs must share ti room with other (hilliest ie 
activities, and amateur stations will be found 
tucked away in a i•orner of the living room, a 
bedroom, a large closet • or evi•it under t he kitchen 
stove! A spot in the vellar or the attic (tait almost 
be classed as a separate room, although it may 
lack t he " finish" of a normal room. 

Regardless of the liwation of the station, 
however, it should be designed for nniximunt 
operat ing convenience and safety. It is foolish 
ti) have t he stat ion arranged so that t he throw-
ing of sever.d .. wit ches is required to go from 
"receive" to " tran.stuit," just as it. is silly to 
have the equipment arranged so that the op-
erator is in an uncomfortable anti eralope.1 
position during his operating hours. The rea-
son for building the station as safe as possible 
is obvious, if you ari. interusted in spending a 
number of \ ears wit It •vour hobby! 

• CONVENIENCE 
The first consideration in any amateur 

station is the operating position, which in-
cludes the operator's table and chair and the 
pieces of equipment that are in constant use 

Here's one way to build a console. Use 
a 4-foot X 4-foot X 1/2-inch piece of 
plywood for a center section, and a 
couple of 3-drawer chests for the end 
sections. This gives plenty of operating 
space in a small area. (W5KSE, El Paso, 

Texas) 

(the receiver, send-receive switch, and key or 
mierophone). table should be as large as 
possible, to allow sufficient room for the re-
ceiver or reeeivers, frequency-measuring equip-
ment. monitoring equipment, control switches, 
and keys and microphones, with enough space 
left over for the logbook, a pad and pencil, and 
perhaps a large ash tray. Suitable space should 
be ineluded for radiogram blanks and a call 
book, if these accessories are in frequent use. 
If the table is S111:111. or the number of pieces of 
equipment is large. it is often necessary to build 
a shelf or rack for the auxiliary equipment, or 
to mount it in some less convenient location in 
or tinder the table. If line has the facilities, a 
sendeireular " epnsole" can be built of wood, or 
a simpler solution is to use two small wooden 
',billets to support a table top of wood or 
Masonite. A flush-type door will make an excel-
lerit table top. Home-built. tables or consoles can 
lit' finished in any of the available oil stains, 

rnishes, paints or lacquers. Many operators 
Ilse a large piece of plate glass over part of their 
table, since it furnishes a good writing surface 
and can cover miscellaneous charts and tables, 
prefix lists, operating aids, calendar, and simi-
lar accessories. 

If the major interests never require frequent 
band changing, or frequency changing within 
a band, the transmitter can be located some 
distance from the operator, in a location where 
the meters can be observed from time to tinte 
(and the color of the tube plates noted!). If 
frequent band or frequency changes are a part 
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of the usual operating procedure, the trans-
mitter should be mounted close to the oper-
ator, either along one side or above the re-
ceiver, so that the controls are easily accessible 
without the need for leaving the operating 
posit ion. 
A compromise arrangement would place the 

v.f.o. or crystal-switched oscillator at the op-
erating position and the transmitter in some 
convenient location not adjacent to the op-
erator. Since it is usually possible to operate 
over a portion of a band without retuning the 
transmitter stages, an operating position of this 
type is an advantage over one in which the 
operator must leave his position to make a 
change in frequency. 

Controls 

The operator has an excellent chance to 
exercise his ingenuity in the location of the op-
erating controls. The most important controls 
in the station are the receiver tuning dial and 
the send-receive switch. The receiver tuning 
dial should be located four to eight inches 
above the operating table, and if this requires 
mounting the receiver off the table, a small 
shelf or bracket will do the trick. With the 
single exception of the amateur whose work is 
almost entirely in traffic or rag-chew nets, 
which require little or no attention to the re-
ceiver, it will be found that the operator's 
hand is on the receiver tuning dial most of the 
time. If the tuning knob is too high or too low, 
the hand gets cramped after an extended 
period of operating, hence the importance of 
a properly located receiver. The majority of 
c.w. operators tune with the left hand, pre-
ferring to leave the right hand free for copying 
messages and handling the key, and so the 
receiver should be mounted where the knob 
can be reached by the left hand. Phone op-
erators aren't tied down this way, and tune the 
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communications receiver with the hand that is 
more convenient. 
The hand key should be fastened securely 

to the table, in a line just outside the right 
shoulder and far enough back from the front 
edge of the table so that the elbow can rest on 
the table. A good location for the semiauto-
matic or " bug" key is right next to the hand-
key, although some operators prefer to mount 
the automatic key in front of them on the left, 
so that the right forearm rests on the table 
parallel to the front edge. 
The best location for the microphone is 

directly in front of the operator, so that he 
doesn't have to shout across the table into it, 
or run up the speech-amplifier gain so high 
that all manner of external sounds are picked 
up. If the microphone is supported by a boom 
or by a flexible " goose neck," it can be placed 
in front of the operator without its base taking 
up valuable table space. 

In any amateur station worthy of the name, 
it should be necessary to throw no more than 
one switch to go from the " receive" to the 
"transmit" condition. In phone stations, this 
switch should be located where it can be easily 
reached by the hand that isn't on the receiver. 
In the case of c.w. operation, this switch is 
most conveniently located to the right or left 
of the key, although some operators prefer to 
have it mounted on the left-hand side of the 
operating position and work it with the left 
hand while the right hand is on the key. 
Either location is satisfactory, of course, and 
the choice depends upon personal preference. 
Some operators use a foot-controlled switch, 
which is a convenience but doesn't allow too 
much freedom of position during long oper-
ating periods. 

If the microphone is hand-held during 
phone operation, a " push-to-talk" switch on 
the microphone is convenient, but hand-held 

Here's a console that was designed 
with operating convenience in mind. 
W7EBG built it almost entirely out of 
3/4 " plywood, with strips of 2 X 2 
along the bottom edges for caster 
supports. It is assembled with bolts so 
that it can be readily dismantled for 
shipping. Over-all dimensions are 48" 
wide, 401/2 " high, with the horizontal 
desk top 16" wide and the sloping 

portion 15" wide. 



Controls 

microphones tie up the use of one hand and 
are not too desirable, although they are widely 
used in mobile and portable work. 
The location of other switches, such as those 

used to control power supplies, filaments, 
phone/c.w. change-over and the like, is of no 
particular importance, and they can be located 
on the unit with which they are associated. 
This is not strictly true in the case of the 
phone/e.w. DX man, who sometimes has need 
to change in a hurry from c.v.-. to phone. In 
this case, the change-over switch should be 
at the operating table, although the actual 
change-over should be done by a relay controlled 
by the switch. 

If a rotary beam is used the control of the 
beam should be convenient to the operator. 
The direction indicator, however, can be located 
anywhere within sight of the operator, and does 
not have to be located on the operating table 
unless it is included with the control. 

Frequency Spotting 

In a station where a v.f.o. is used, or where a 
number of crystals are available, the operator 
should be able to turn on only the oscillator of 
his transmitter, so that he can spot accurately 
his location in the band with respect to other 
stations. This allows him to see if he has any-
thing like a clear channel, or to see what his fre-
quency is with respect to another station. Such 
a provision can be part of the " send-receive" 
switch. Switches are available with a center 
"off" position, a " hold" position on one side, 
for turning on the oscillator only, and a " lock" 
position on the other side for turning on the 
transmitter and antenna relays. If oscillator 
keying is used, the key serves the same pur-
pose, provided a " send-receive" switch is 
available to turn off the high-voltage supplies 
and prevent a signal going out on the air during 
adjustment of the oscillator frequency. 
For phone operation, the telegraph key or 

an auxiliary switch can control the transmitter 
oscillator, and the " send-receive" switch can 
then be wired into the control system so as to 
control the oscillator as well as the other circuits. 

Comfort 

Of prime importance is the comfort of the 
operator. If you find yourself getting tired 
after a short period of operating, examine 
your station to find what causes the fatigue. It 
may be that the chair is too soft or hasn't a 
straight back or is the wrong height for you. 
The key or receiver may be located so that you 
assume an uncomfortable position while using 
them. If you get sleepy fast, the ventilation 
may be at fault. (Or you may need sleep!) 

• POWER CONNECTIONS AND 
CONTROL 

Following a few simple rules in wiring your 
power supplies and control circuits will make 
it an easy job to change units in the station. If 

the station is planned in this way from the 
start, or if the rules are recalled when you are 
rebuilding, you will find it a simple matter to 
revise your station from time to time without a 
major rewiring job. 

It is neater and safer to run a single pair of 
wires from the outlet over to the operating table 
or some central point, rather than to use a 
number of adapters at the wall outlet. 

Interconnections 

The wiring of any station will entail two or 
three common circuits, as shown in Fig. 22-3. The 
circuit for the receiver, monitoring equipment 
and the like, assuming it to be taken from a wall 
outlet, should be run from the wall to an incon-
spicuous point on the operating table, where it 
terminates in a multiple outlet large enough to 
handle the required number of plugs. A single 
switch between the wall outlet and the recepta-
cle will then turn on all of this equipment at 
one time. 
The second common circuit in the station is 

that supplying voltage to rectifier- and trans-
mitter-tube filaments, bias supplies, and any-
thing else that is not switched on and off during 
transmit and receive periods. The coil power 
for control relays should also be obtained from 
this circuit. The power for this circuit can come 
from a wall outlet or from the transmitter line, 
if a special one is used. 
The third circuit is the one that furnishes 

power to the plate-supply transformers for the 
r.f. stages and for the modulator. (See section 
on Power Supplies for high-power considera-
tions.) When it is opened, the transmitter is 
disabled except for the filaments, and the trans-
mitter should be safe to work on. However, one 
always feels safer when working on the trans-
mitter if he has turned off every power source. 
With these three circuits established, it be-

comes a simple matter to arrange the station 
for different conditions and with new units. 
Anything on the operating table that runs all 
the time ties into the first circuit. Any new 
power supply or r.f. unit gets its filament 
power from the second circuit. Since the third 
circuit is controlled by the send-receive switch 
(or relay), any power-supply primary that is to 
be switched on and off for send and receive 
connects to circuit C. 

Break-In and Push- To- Talk 

In c.w. operation, " break-in " is any system 
that allows the transmitting operator to hear 
the other station's signal during the " key-up" 
periods between characters and letters. This 
allows the sending station to be " broken" by 
the receiving station at any time, to shorten 
calls, ask for " fills" in messages, and speed 
up operation in general. With present tech-
niques, it requires the use of a separate receiv-
ing antenna or a " t. r. box" and, with high power, 
some means for protecting the receiver from the 
transmitter when the key is " down." Several 
methods, applicable to high-power stations, are 
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described in Chapter Eight. If the transmitter is 
low-powered (50 watts or so), no special 
equipment is required except the separate re-
ceiving antenna and a receiver that " recovers" 
fast. Where break-in operation is used, there 
should be a switch on the operating table to 
turn off the plate supplies when adjusting the 
oscillator to a new frequency, alt ugh during 
all break-in work this swit ch will lie closed. 
" Push-to-talk" is an u. \ jo eSSiOn derived 

from the " push " swit ch on ,)one microphones, 
and it means a phone statiim with a single 
control for all change-over functions. Strictly 
speaking, it should apply only to a station 
where this single send-receive switch ninst be 
held in place during tr:tniniion periods. but 
any fast-acting switch will give practically t he 
saine effect. A control switch with a center 
"off" position, and one " hold" and one " lock" 
posithni, will give more flexibility than a 
straight " push " switch. The one switch must 
control the transmitter pon•er supplies, the re-
ceiver " on-off" circuit and, if one is used, the 
antenna change-over relay. The receiver control 
is necessary to disable its output during transmit 
periods, to avoid acoustic feedback. 

Switches and Relays 

It is dangerous to use an overloaded switch 
in the power circuits. After it has been used for 
some time, it may fail, leaving the power on the 
circuit even after the switch is thrown to the 
"off" position. For this reason, large switches, 
or relays with adequate ratings, should be used 
to control the plate power. Relays are rated by 
coil voltages ( for their control circuits) and by 
their contact current and voltage ratings. Any 
switch or relay for the power-control circuits of 
an amateur station should he conservatively 
rated; overloading a switch or relay is very poor 
economy. Switches rated at 20 amperes at 125 
volts will handle the switching of circuits at the 
kilowatt level, but the small toggle switches 
rated 3 amperes at 125 volts should be used only 
in circuits up to about 150 watts. 
When relays are used, the send-receive switch 

closes the circuit to their coils, thus closing the 
relay contacts. The relay contacts are in the 
power circuit being controlled, and thus the 
switch handles only the relay-coil current. AS 
a consequence, this switch can have a low current 
rating. 

e SAFETY 
ui prime importance in the layout of the 

station is the personal safety of the operator 
and of visitors, invited or otherwise. during 
normal operating praetice. If there are small 
children in the house, every step must be taken 
to prevent their accidental contact with power 
leads of any voltage. A locked room is a fine idea, 
if it is possible, otherwise housing the transmitter 
and power supplies in metal cabinets is an excel-
lent, although exiiensive, solution. Lacking a 
metal cabinet, a wooden cabinut or a wooden 
framework coverei I with wire screen is the next-
best solution. Many stations have the power 
supplies housed in metal cabinets in the operating 
room or in a etoset or basement, anul this cabinet 
or entry is kept locked — with the key out of 
reach of everyone but the operator. The power 
knits are runt through conduit to the transmitter, 
ushig ignition cable for the high-voltage leads. If 
the power supplies and transmitter are in the 
same cabinet, a lock-type main switch for the 
incoming line power is a good precauthin. 
A simple sulistitute for a lock-tylx) main switch 

is an ordinary line plug with a short connecting 
wire bet WVell the two pins. By wiring a female 
receptacle in series with the main power line in 
the transmitter, the shorting plug will act as the 
main safety lock. NVIien the plug is removed and 
hidden, it will be impossible to energize the trans-
mitter. mid a stranger or child isn't likely to spot 
or suspect the open receptacle. 
An essential adjunct to any station is a shorting 

stick for discharging any high voltage to ground 
before any work is done in the transmitter. Even 
if interlocks and itower-supply bleeders are used, 
the failure of one un more of these components 
may leave the transmitter in a dangerous condi-

This neat " built-in" installation features separate finals 
and exciters for each band, along with room for receiver, 
frequency meter, oscilloscope, 0 multiplier and v.h.f. con-
verter. All units are mounted on the three large panels; 
the panels are hinged at the bottom so that they can be 
lowered for service work on the individual units. A com-
mon power supply is used, and band-changing consists 
of turning on the filaments in the desired r.f. section. 

(W9OVO, Sturgeon Say, Wisc.) 
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tion. The shorting stick is made by mounting a 
small metal hook, of wire or rod, on one end of a 
dry stick or bakelite rod. A piece of ignition cable 
or other well-insulated wire is then run from 
the hook on the stick to the chassis or common 
ground of the transmitter, and the stick is hung 
alongside the transmitter. Whenever the power 
is turned off in the transmitter to permit work 
on the rig, the shorting stick is first used to 
touch the several high-voltage leads ( plate r.f. 
choke, filter capacitor. tube plate connection, 
etc.) to insure that 11 lure is no high voltage at 
any of these points. This simple device has saved 
many a life. Use it! 

Fusing 

A minor hazard in the amateur station is the 
possibility of fire through the failure of a com-
ponent. if the failure is complete and the com-
ponent is large, the house fuses will generally 
blow. However, it is unwise and inconvenient to 
depend upon the house fuses to protect the lines 
running to the radio equipment. and every power 
supply should have its primary circuit individually 
fused, at about 150 to 200 per cent of the maxi-
mum rating of the supply. Circuit breakers can 
be used instead of fuses if desired. 

Wiring 
Control-circuit wires running between the 

operating position and a transmitter in another 
part of the room should be hidden, if possible. 
This can be done by running the wires under 
the floor or behind the base molding, bringing 
the wires out to terminal boxes or regular wall 
fixtures. Such construction, however, is gen-
erally only possible in elaborate installations. 
and the average amateur must content himself 
with trying to make the wires as inconspicuous 
as possible. If several pairs of leads must be run 
from the operating table to the transmitter, as is 
generally the case, a single piece of rubber- or 

A neat operating bench can be built from wood and covered with linoleum. There is enough room on the table shown 
here to house the transmitter, receiver, and numerous adjuncts and accessories. Interconnecting wiring is run behind the 

units or underneath the table. (W3AQN, York, Pa.) 

vinyl-covered multiconductor cable will always 
look neater than several pieces of rubber-covered 
lamp cord, and it is much easier to sweep around 
or dust. 
The antenna wires always present a problem, 

unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line should 
always be arranged neatly, and it is generally best 
to support it at several points. Many operators 
prefer to mount any antenna-tuning assemblies 
right at the point of entry of the feedline, together 
with an antenna changeover relay ( if one is used), 
and then the link from the tuning assembly to 
the transmitter can be made of inconspicuous 
coaxial line. If the transmitter is mounted near 
the point of entry of the line, it simplifies the 
problem of " What to do with the feeders?" 

Lightning Protection 

The antenna system usually associated with 
amateur radio equipment is most vulnerable to 
lightning due to its height and length. To validate 
one's insurance, the antenna installation must 
comply with the National Board of Fire Under-
writers Electrical Code which says: 

Lightning Arresters — Transmitting Stations. 
Except where protected by a continuous metallic 
shield (coax) which is permanently and effec-
tively grounded, or the antenna is permanently 
and effectively grounded, each conductor of a 
lead-in for outdoor antenna shall be provided 
with a lightning arrester or other suitable means 
which will drain static charges from the antenna 
system. 

If coaxial filly is used, compliance with the 
above is readily achieved by grounding the shield 
of the coax at the point where it is nearest to the 
ground outside the house. Use a heavy wire — 
the aluminum wire sold fur grounding TV anten-
nas is good. If the cable can be run underground, 
it grounding stake should be located at the point 
where the cable enters the ground, at the an-
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tenna end. The grounding stake, to be effective 
in soils of average conductivity, should be not 
less than 10 feet long and, if possible, plated with 
a metal that will not corrode in the local soil. 
Making connection to the outside of the outer 
conductor of the coaxial line will normally have 
no effect on the s.w.r. in the line, and consequently 
it can be done at any point or points. 
Open-wire or Twin-Lead transmission lines can 

be protected by installing a spark gap such as the 
one sketched in Fig. 22-1. The center contact 
should be grounded with a No. 4 or larger wire. 
The gaps can be made from 38 X 3-inch Hat 
brass rod shaped as shown, and the gaps should 
be set sufficiently far apart to prevent flash-over 
during normal operation of the transmitter. 
Depending upon the power of the transmitter 
and the s.w.r. pattern on the line, the gap may 
run anything from 1/32 to 3/16 inch. It may 
spark intermittently when a thunderstorm is 
building up or is in the general area. 

TO GROUND 

ADJUST 
(SEE TEXT) 

No4 or LARGER 

SAME SPACING AS FEEDERS 

Fig. 22-1—A simple lightning arrester made from three 
stand-off or feed-through insulators and sections of brass 
or copper strap. It should be installed in the open-wire or 
Twin-Lead line at the point where it is nearest the ground 
outside the house. The heavy ground lead should be as 

short and direct as possible. 

Rotary beams using a T or gamma match and 
with each element connected to the boom will 
usually be grounded through the supporting 
metal tower. If the antenna is mounted on a 
wooden pole or on the top of the house, a No. 4 

or larger wire should be connected from the beam 
to the ground by the shortest and most direct 
route possible, using insulators where the wire 
comes close to the building. From a lightning-
protection standpoint, it is desirable to run the 
coaxial and control lines from a beam down a 
metal tower and underground to the shack. If the 
tower is well grounded and the antenna is higher 
than any surrounding objects, the combination 
will serve well as a lightning rod. 
The sole purpose of lightning rods or grounded 

roofs is to protect a building in case a lightning 
stroke occurs; there is no accepted evidence that 
any form of protection can prevent a stroke.* 

Experiments have indicated that a high verti-
cal conductor will generally divert to itself direct 
hits that might otherwise fall within a cone-
shaped space of which the apex is the top of the 
conductor and the base a circle of radius approxi-
mately two times the height of the conductor. 
Thus a radio mast may afford some protection to 
low adjacent structures, but only when low-
impedance gromills provided. 

Underwriters' Code 

The National Electrical Safety Code, Pam-
phlet 70, Standard of the National Board of 
Fire Underwriters, deals wit h electric wiring and 
apparatus. The Code was set up to protect per-
sons and buildings from the electrical hazards 
arising from the use of electricity, radio, etc. 
Article 810 is entitled " Radio Equipment." The 
scope of this article, section 8101, says, " The 
article applies to radio and television receiving 
equipment and to amateur radio transmitting 
equipment, but not to the equipment used in 
carrier-current operation." 
The Board of Fire Underwriters sets up the 

code as a minimum standard for good practiee. 
Most cities adopt the code, or parts of it, either 
entirely or with certain amendments which may 
apply to that particular city. It is up to the city 
to enforce these rules. When a violation is re-
ported, periodic cheeks are made by an inspec-
tor until a correction is made and to insure 

* See " Code for Protection Against Lightning," National 
Bureau of Standards Handbook 46, for sale by the Superin-
tendent of Documents, Washington 25, D. C. 

In this station arrangement, eight small panels near the 
front of the table carry the auxiliary gear. From left to 
right: ( 1) loud speaker with selector switch to receivers 
or monitor; ( 2) conelrad receiver and automatic trans-
mitter disabler; (3)Monimatch; (4) antenna selector switch; 
(5) intercom to other rooms in house; (6) station control 
switch; (7) beam rotator control; (8) transmission timer 
and monitor. All eight accessory units are completely en-
closed in perforated aluminum and are plug in. (K9HGJ, 

Milwaukee, Wisc.) 
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Underwriters' Code 

Power 
Re/ay 

Outlets 
as required 

Ant. Relay 

D. P 5.r. switch 
if desired 

To send-receive 
switch 

Pilot Lamp 

Outlets for filament- ir 
D.Ptransformers,os required sr 50etch if desired 

Send-Receive switch 
(o.Por for pesh-to-tolk) 

,t,:•_) swot 
tamp 

Outlets as required Por 
plate-transformer primaries 

Re 
Pilot Lamp 

(B) 

Plug title 
is- volt wall 
outlet 

 o fie bye/lout/el 
or special 
115-voit line 

O 

 O To wall out/el or 
Spec/ale orzso volt line 
 o 

D P 5.T relay 
or switch (C) 

Th power- re/ay 
outlet in 8 above 

Fig. 22-2—Power circuits for a high-power station. A shows the outlets for the receiver, monitoring equipment, speech 
amplifier and the like. The outlets should be mounted inconspicuously on the operating table. B shows the transmitter 
filament circuits and control-relay circuits, if the latter are used. C shows the plate-transformer primary circuits, controlled 
by the power relay. Where 230- and 115-volt primaries are controlled simultaneously, point "X" should connect to the 
"neutral" or common. A heavy-duty switch can be used instead of the relay, in which case the antenna relay would 
be connected in circuit C. If 115-volt pilot lamps are used, they can be connected as shown. Lower-voltage lamps 
must be connected across suitable windings on transformers. With "push-to-talk" operation, the "send-receive" switch 

can be a d.p.d.t. affair, with the second pole controlling the "on-off" circuit of the receiver. 

against future recurrence. The National Electric 
Code is only a minimum standard, and compli-
ance with its rules will assure less operating 
failures and hazards, and greater safety. 
The pamphlet is available by writing the Na-

tional Board of Fire Underwriters at 85 John 
Street, New York 38, N. Y. Ask for No. 70. 

Parts of the Underwriters' Code deal with 
power wiring and, in addition to the requirement 
of the use of Underwriters Laboratory approved 
materials and fittings, have the following to say 
of direct interest to amateurs: 

"All switches shall indicate clearly whether 
they are open or closed. 

"All (switch) handles throughout a system 
. . . shall have uniform open and closed posi-
tions. 

". . . supply circuits shall not be designed to 
use the grounds normally as the sole conductor 
for any part of the circuit." 
The latter means that wire conductor should 

be used for all parts of the power circuit. De-
pendence should not be placed on water pipes, 
etc., as one side of a circuit. 
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CHAPTER 23 

BCI and TVI 
1..very amateur has the obligation to make sure 

that the operation of his station does not, because 
of any shortcomings in equipment, cause inter-
ference with other radio services. It is unfortu-
nately true that much of the interference that 
amateurs cause to broadcast and television re-
ception is directly the fault of BC and TV receiver 
construction. Nevertheless, the amateur can and 
should help to alleviate interference even though 
the responsibility for it does not lie with him. 

Successful handling of interference cases re-
quires winning the listener's cooperation. Here are 
a few pointers on how to go about it. 

Clean House First 

The first step obviously is to make sure that the 
transmitter has no radiations outside the bands 
assigned for amateur use. The best check on this 
is your own a.m. or TV receiver. It is always con-
vincing if you can demonstrate that you do 
not interfere with reception in your own home. 

Don't Hide Your Identity 

Whenever you make equipment changes — or 
shift to a hitherto unused band or type of emis-
sion — that might be expected to change the 
interference situation, check with your neighbors. 
If no one is experiencing interference, so much 
the better; it does no harm to keep the neighbor-
hood aware of the fact that you are operating 
without bothering anyone. 
Should you change location, announce your 

presence and conduct occasional tests on the air, 
requesting anyone whose reception is being 
spoiled to let you know about it so steps may be 
taken to eliminate the trouble. 

Act Promptly 

The average person will tolerate a limited 

Interference With Sta 
Interferencu tin. broadcasting usually 

falls into one or more rather well-defined cate-
gories. An understanding of the general types of 
interference will avoid much cut-and-try in find-
ing a cure. 

Transmitter Defects 

Out-of-band radiation is something that 
must be cured at the transmitter. Parasitic 
oscillations are a frequently unsuspected 
source of such radiations, and no transmitter 
can be considered satisfactory until it has been 
thoroughly checked for both low- and high-
frequency parasities. Very often parasitics 
show up only as transients, causing key clicks 
in c.w. transmitters and "splashes" or " burps" 
on modulation peaks in a.m. transmitters. 
Methods for detecting and eliminating para-

amount of interference, but the sooner you take 
steps to eliminate it. the more agreeable the 
listener will be; the longer he has to wait for you, 
the less willing he will be to cooperate. 

Present Your Story Tactfully 

When you interfere, it is natural for the com-
plainant to assume that your transmitter is at 
fault. If you are certain that the trouble is not 
in your transmitter, explain to the listener that 
the reason lies in the receiver design, and that 
some modifications may have to be made in the 
receiver if he is to expect interference-free re-
ception. 

Arrange for Tests 

Most listeners are not very competent ob-
servers of the various aspects of interference. 
If at all possible, enlist the help of another 
amateur and have him operate your transmit-
ter while you see for yourself what happens at 
the affected receiver. 

In General 

In this " public relations" phase of the prob-
lem a great deal depends on your own attitude. 
Most people will be willing to meet you half 
way, particularly when the interference is not 
of long standing, if you as a person make a 
good impression. Your personal appearance is 
important. So is what you say about the re-
ceiver — no one takes kindly to hearing his pos-
sessions derided. If you discuss your interference 
problems on the air, do it in a constructive way — 
one eakulated to increase listener cooperation, 
not , 1,•-t roy it. 

ndard Broadcasting 
sit tes are discussed in the transmitter chapter. 

In c.w. transmitters the sharp make and 
break that occurs with unfiltered keying causes 
transients that, in theory, contain frequency 
components through the entire radio spectrum. 
Practically, they are often strong enough in the 
immediate vicinity of the transmitter to cause 
serious interference to broadcast reception. Key 
clicks can be eliminated by the methods detailed 
in the chapter on keying. 

A distinction must be made between clicks 
generated in the transmitter itself and those 
set up by the mere opening and closing of the 
key contacts when current is flowing. The 
latter are of the same nature as the clicks heard 
in a receiver when a wall switch is thrown to 
turn a light on or off, and may be more trouble-
some nearby than the clicks that actually go 
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out on the signal. A filter for eliminat jug them 
usually has to be installed as close as possible 
to the key contacts. 

Overmodulation in a.m. phone transmitters 
generates transients similar to key clicks. It 
van be prevented either by using automatic 
sy,tutos for limiting the modulation to 100 
per -it, t, or by rout inuously moult oring the 
modulation. Met hods for both are described 
in the cliapt er on tunplitude modulation. 
BC1 i,: frequently made worse by radiation 

from the power wiring or the r.f. transmission 
line. This is because the signal causing the inter-
ference, in such cast s, is radiated from wiring that 
is nearer the brow least receiver than t he antenna 
itself. Inch depeunls on the metliod used to cou-
ple the transmit ter to t he antenna, a subject that 
is discussed in the chapters on transmission lines 
and anemias. If it is at all possil)le the antenna 
itself should be placed so that it is not in close 
proximity to house wiring, telephone and power 
lines, and similar conductors. 

Image and Oscillator-Harmonic Responses 

Most present-day broadcast receivers use a 
built-in loop antenna as the grid circuit for the 
mixer stage. The selectivity is not esis.ei:t Ily high 
at the signal frequency. Furthermore, an appre-
ciable amount of signal pick-up tomally occurs on 
the a.c. line to which the receiver is connected, 
the signal 80 picked up being fed to the mixer 
grid by stray means. 
As a result, strong signals from nearby trans-

mitters, even though the transmitting frequency 
is far removed from the broadcast band, can 
force themselves to the mixer grid. They will nor-
mally be eliminated by the i.f, selectivity, except 
in cases where the transmitter frequency is the 
image of the broadcast signal to which the re-
ceiver is tuned, or when the transmitter frequency 
is so related to a harmonic of the broadcast re-
eeiver's local oscillator as to produce a beat at the 
intermediate frequency. 
These image and oscillator-harmonic re-

sponses tune in and out on the broadcast re-
ceiver dial just like a broadcast signal, except 
that in the case of harmonie response the 
tuning rate is more rapid. Since most receivers 
use an intermediate frequency in the neighbor-
hood of 455 In.., the interference is a true image 
only when 1 he amateur transmitting frequency 
is in the 1800-kc. band. Oscillai or-harmonic 
responses occur from 3.5- and 7- Mc, transmis-
sions, and sometimes even from higher fre-
quencies. 

Since images and harmonic responses occur 
at definite frequencies on the receiver dial, it is 
possible to choose operating frequencies that will 
avoid putting such a response on top of the broad-
cast stations that are favored in the vicinity. 
While your signal may still be heard when the 
receiver is tuned off the local stations, it will at 
least not interfere with program reception. 
There is little that can be done to most re-

ceivers to cure interference of this type except to 
reduce the amount of signal getting into the set 

through the a.c. line. A line filter such as is shown 
in Fig. 23-1 often will help accomplish this. The 
values used for the coils and capacitors are in 
general not critical. The effect ivenvss of the filter 
may depend considerably on the ground con-
nection used, and it is advisable to use a short 
ground lead to a cob t er hpe if at all possible. 
The line conl from t he set should be bunched up, 
to minimize t he possibility of pick-up on the cord. 
It may be neuess,ry t 0 install the filter inside the 
receiver, so that the filter is connected between 
the line cord and the set wiring, in order to get 
satisfactory operation. 

Cross-Modulation 

With phone transmitters, there are occasion-
ally eases where the voice is heard whenever the 
broadcast receiver is tuned to a BC station, but 
there is no interferente when tuning between 
stations. This is eross-modulation, a result of 
rectification in one of the early stages of the re-
ceiver. Receivers that are susceptible to this 
trouble usually also get a similar type of interfer-
ence from regular broadcasting if there is a 
strong local BC station and the receiver is tuned 
to some other station. 
The remedy for cross-modulation in the re-

ceiver is the same as for images and oscillator-
harmonic response—reduce the strength of the 
amateur signal at the receiver by means of a line 
filter. 

The trouble is not always in the receiver, since 
cross modulation can occur in any nearby rec-
tifying circuit — such as a poor contact in water 
or steam piping, gutter pipes, and other conduc-
tors in the strong field of the transmitting an-
tenna — external to both receiver and trans-
mitter. Locating the cause may be difficult, and 
is best attempted with a battery-operated port-
able broadcast receiver used as a " probe" to 
find the spot where the interference is most in-
tense. When such a spot is located, inspection of 
the metal structures in t he vicinity should indi-
cate the cause. The remedy is to make a good 
electrical bond between the two conductors hav-
ing the poor contact. 

Audio-Circuit Rectification 

The most frequent cause of interference from 
operation at 21 Mc. and higher frequencies is 
rectification of a signal that by some means gets 
into the audio system of the receiver. In the 
milder cases an amplitude-modulated signal will 
be heard with reasonably good quality, but is 
not tunable — that is, it is present no matter 
what the frequency to which the receiver dial is 
set. An unmodulated carrier may have no observ-
able effect in such cases beyond causing a little 
hum. However, if the signal is very strong there 
will be a reduction of the audio output level of the 
receiver whenever the carrier is thrown on. This 
causes an annoying " jumping" of the program 
when the interfering signal is keyed. With phone 
transmission the change in audio level is not 
so objectionable because it occurs at less fre-
quent intervals. Rectification ordinarily gives no 
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audio output from a frequency-modulated signal, 
so the interference can be made almost unnotice-
able if f.m. or p.m. is used instead of a.m. 

c, 

GND. 

Fig. 23-1—"Brute-force" a.c. line filter for receivers. 
The values of Ci, C2 and C3 are not generally critical; 
capacitances from 0.001 to 0.01 µf. can be used. Li and 
LB can be a 2-inch winding of No. 18 enameled wire on 
a half-inch diameter form. In making up such a unit for 
use external to the receiver, make sure that there are no 

exposed conductors to offer a shock hazard. 

Interference of this type usually results from a 
signal on the power line being coupled by some 
means into the audio circuits, although the pick-
up also may occur on the set wiring itself. A 
"brute-force" line filter as described above may 
or may not be completely effect ivy, but in any 
event is the simplest thing to t is. If it does not do 
the job, some modification of the receiver will be 
necessary. This usually takes the form of a simple 
filter connected in the grid circuit of the tube in 
which the rectification is occurring. Usually it 
will be the first audio amplifier, which in most 
receivers is a diode-triode type tube. 

Filter circuits that have proved to be effective 
are shown in Fig. 23-2. In A, the value of the grid 
leak in the combined detector/first audio tube is 
reduced to 2 to 3 megohms and the grid is by-
passed to chassis by a 250-aaf. mica or ceramic 
capacitor. A somewhat similar method that does 
not require changing the grid resistor is shown 
at B. In C, a 75,000-ohm (value not critical) 
resistor is connected between the grid pin on the 
tube socket and all other grid connections. In 
combination with the input capacitance of the 
tube this forms a low-pass filter to prevent r.f. 
from reaching the grid. In some cases, simply 
bypassing the heater of the detector/first audio 
tube to chassis with a 0.00l- f. or larger capacitor 
will suffice. In all cases, check to see that the a.c. 
line is bypassed to chassis; if it is not, install by-
pass capacitors (0.001 to 0.01 µf.). 

Handling BCI Cases 
Assuming that your transmitter has been 

checked and found t o be free from spurious radia-
tions. get another amateur to operate your sta-
tion, if possible, while you make the actual check 
on the interference yourself. The following pro-
cedure should be used. 

DETECTOR- Ist AUDIO 

CHANGE 
TO 
2 OR 3 
•AEGOHNIS 

TO 
CHASSIS 

AD' 250ppt. 
BY 

DETECTOR- Iti AUDIO 

2505p f. 

CHASSIS 

Tune the receiver through the broadcast band, 
to see whether the interference tunes like a regular 
BC station. If so, image or oscillator-harmonic 
response is the cali,ze. If there is interference only 
whiyn a BC station is tuned in, but not between 
stations, the cause is cross modulation. If the 
interference is heard at all settings of the tuning 
dial. the trouble is pickup in the audio circuits. 
In the latter case, the receiver's volume control 
may or may not affect t st rength of the inter-
ference, depending on the means by which your 
signal is being rectified. 
I laving identified the cause, explain it to the 

set owner. It is a good idea to have a line filter 
with you, equipped with enough cord to replace 
the set's line cord, so it can be tried then and 
there. If it does not eliminate the interference, 
explain to the set owner that there is nothing 
further that ran be clone without modifying the 
receiver. Recommend that the work be done by 
a competent service technician, and offer to ad-
vise the service man on the cause and remedy. 
Don't offer to work on the set yourself, but if 
you are asked to do so use your own judgment 
about complying; set owners sometimes complain 
about the over-all performance of the receiver 
afterward, often without just jibed ion. If you work 
on it, take it to your station so t he effect of the 
changes you make can be observed, and return 
the receiver prompt ly when you have finished. 

• MISCELLANEOUS TYPES OF 
INTERFERENCE 

The operation of amateur phone transmitters 
occasionally results in interference on telephone 
lines and in audio amplifiers lased in public-ad-
dress work and for home music reproduction. 
The cause is rectification of the signal in an audio 
circuit. 

Telephone Interference 

Telephone interference can be cured by con-
necting a bypass capacitor (about 0.001 pf.) 
across the microphone unit in the telephone 
handset. The telephone companies have capaci-
tors for this purpose. When such a case occurs, 
get in touch with the repair department of the 
phone company, giving all the particulars. Do 
not attempt to work on the telephone yourself. 

Hi-Fi and P. A. Systems 

In interference to publie-address and " hi-fi" 
installations the principal sources of signal pick-up 
are the a.c. line or a line from the power amplifier 
to a speaker. All amplifier units should be bonded 
together and connected to a good ground such as 
a cold-water pipe. Make sure that the :c.c. line is 

DETECTOR- lit AUDIO 

?SW 

INSERT BETWEEN 
GRID AND ALL OTHER 
GRID CONNECTIONS 

(C) 

Fig. 23-2—Methods of elimi-
nating r.f. from the grid of a 
combined detector/first-audio 
stage. At A, the value of the 
grid leak is reduced to 2 or 
3 megohms, and a bypass ca-
pacitor is added. At B, both 

grid and cathode are 
bypassed. 
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bypassed to chassis in each unit with capacitors 
of about 0.01 bd. at the point where the line enters 
the chassis. The speaker line similarly should be 
bypassed to the amplifier chassis with about 
0.001 af. 

If these measures do not suffice, the shielding 
on the amplifiers may be inadequate. A shield 

cover and bottom pan should be installed in such 
cases. 
The spot in the system where the rectification 

is occurring often can be localized by seeing if the 
interference is affected by the volume control 
setting: if not, the cause is in a stage following 
the volume control. 

Television Interference (See also Chap. 17) 
Interference with the reception of television 

signals usually presents a more difficult problem 
than interference with a.m. broadcasting. In 13CI 
cases the interference almost always can be at-
tributed to deficient selectivity or spurious re-
sponses in the BC receiver. While similar defi-
ciencies exist in many television receivers, it is 
also true that amateur transmitters generate 
harmonics that fall inside many or all television 

channels. These spurious radiations cause inter-

ference that ordinarily cannot be eliminated by 
anything that may be done at the receiver, so 
must be prevented at the transmitter itself. 

The over-all situation is further complicated by 
the fact that television broadcasting is in three 
distinct bands, two in the v.h.f. region and one in 
the u.h.f. 

V.H.F. Television 
For the amateur who does most of his trans-

mitting on frequencies below 30 Mc. the TV band 
of principal interest is the low v.h.f, band between 
54 and 88 Mc. If harmonic radiation can be re-
duced to the point where no interference is caused 
to Channels 2 to 6, inclusive, it is almost certain 
that any harmonic troubles with channels above 
174 Mc.. will disappear also. 
The relationship between the v.h.f. television 

channels and harmonics of amateur bands from 
1-1 through 28 Mc. is shown in Fig. 23-3. Har-
monics of the 7- and 3.5-Mc, bands are not 
shown because they fall in every television chan-
nel. however, the harmonics above 54 Mc. from 
these bands are of such high order that they are 
usually rather low in amplitude, although they 
may be strong enough to interfere if the television 
receiver is quite close to the amateur transmitter. 
Low-order harmonics — up to 
about the sixth — are usua ly 
the most, difficult to eliminate. 
Of the amateur v.h.f. bands, 

only 50 Mc. will have harmonics 
falling in a v.h.f. television chan-
nel (channels 11, 12 and 13). 
However, a transmitter for any 
amateur v.h.f. band may cause 
interference if it has multiplier 
stages either operating in or hav-
ing harmonics in one or more of 
the v.h.f. TV channels. The r.f. 
energy on such frequencies can 
be radiated directly from the 
transmitting circuits or coupled 
by stray means to the transmit-
ting antenna. 

Frequency Effects 

The degree to which trans-
mitter harmonics or other un-
desired radiation actually in the 
TV channel must be suppressed 
depends principally on two fac-
tors, the strength of the TV sig-

nal on the channel or channels affected, and the 
relationship between the frequency of the spurious 
radiation and the frequencies of the TV picture 
and sound carriers within the channel. If the 
TV signal is very strong, interference can be 
eliminated by comparatively simple methods. 
However, if the TV signal is very weak, as in 
"fringe" areas where the received picture is 
visibly degraded by the appearance of set noise or 
"snow" on the screen, it may be necessary to go 
to extreme measures. 

In either case the intensity of the interference 
depends very greatly on the exact frequency of 
the interfering signal. Fig. 23-4 shows the place-
ment of the picture and sound carriers in the 
standard TV channel. In Channel 2, for example, 
the picture carrier frequency is 54 1.25 
55.25 Mc. and the sound carrier frequency is 

AMATEUR HARMONICS 
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Fig. 23-3—Relationship of amateur-band 
harmonics to v.h.f. TV channels. Harmonic 
interference from transmitters operating 
below 30 Mc. is most likely to be serious in 

the low-channel group (54 to 88 Mc.). 
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PICTURE 
CARRIER 

1 2 3 4 5 

MEGACYCLES FROM LOW EDGE OF TV CHANNEL 

o 

SOUND 
çCARRI 

0.25 

Fig. 23-4—Location of picture and sound carriers in a monochrcme television channel, and relative 
intensity of interference as the location of the interfering signal within the channel is varied without 
changing its strength. The three regions are not actually sharply defined as shown in this drawing, 

but merge into one another gradually. 

60 — 0.25 = 59.75 Mc. The second harmonic of 
28,010 ke. (56,020 ke. or 56.02 Me.) falls 56.02 — 
54 = 2.02 Mc. above the low edge of the channel 
and is in the region marked " Severe" in Fig. 
23-4. On the other hand, the serond harmonie of 
29,500 ke. (59,000 ke. or 59 Me.) is 59 — 54 = 5 
NIc. from the low (41ge of the channel and falls its 
the region mark (41 " Interference at this 
frequency has to be al salt 100 ti nies as strong as 
at 56,020 ke. to cause effects of equal intensity. 
Thus an operating frequency that puts a harmonie 
near the picture carrier requira.s about 40 dit. 
more harmonie suppression in order to avoid 
interference, as vompared with tut operating 
frequency that puts t,ite harmonie near the upper 
edge of the channel. 

For a region of 100 ke. or so either side of the 
sound carrier there is another " Severe" region 
where a spurious radiation will interfere with re-
ception of the sound program. and this region 
also should be avoided. In general, a signal of 
intensity equal to that of the pieture carrier will 
not cause tie ireable interference if its frequency 
is in the " Mild" region shown in Fig. 23-4, but 
this saint. intensity in the " Severe" region will 
utterly destroy the put lire, 

In Patterns 

The visit ' le effects of interference vary with the 
type and intensity of the interference. Complete 
"blackout," where the picture and sound dis-
appear eompletely, leaving the screen dark, 
occurs only when the transmitter and receiver 
are quite close together. Strong interference or-
dinarily causes the picture to be broken up, leav-
ing a jumble of light and dark lines, or turns the 
picture " negative" — the normally white parts 
of the picture turn black and the normally black 

Fig. 23-5 —"Cross-hatching,' caused by the beat be-
tween the picture carrier and an interfering signal inside 

the TV channel. 

parts turn white. " Cross-hatching" — diagonal 
bars or lines in the pirture — aceompanies the 
latter, usually, : Ind also represents the most com-
mon type of less-severe interference. The bare 
are the result of the beat between the harmonic 
frequency and the picture carrier frequency. 
They are broad and relatively few in number if 
the beat frequency is comparatively low — near 
the pieture carrier — and are nunterous awl very 
fine if the beat frequeney is very high — toward 
the upper end of the channel. Typical ro )ss-
hatching is shown in Fig. 23-5. If the frequeney 
falls in the " Mild" region in Fig. 2',1 the cross-
hatching may be so fine as to be visii h. on ly on 
close inspection of the picture, in whi(ii ease it 
may simply cause the apparent brightness of the 
screen to change when the transmitter carrier is 
thrown on and off. 
Whether or not cross-hatching is visible, an 

amplitude-modulated transmitter may cause 

Fig. 23-6—"Sound bars" or "modulation bars" accom-
panying amplitude modulation of an interfering signal. 
In this case the interfering carrier is strong enough to 
destroy the picture, but in mild cases the picture is visible 
through the horizontal bars. Sound bars may accompany 
modulation even though the unmodulated carrier gives 

no visible cross-hatching. 

"sound bars" in the picture. These look about as 
shown in Fig. 23-6. They result from the varia-
tions its the intensity of the interfering signal 
when modulat (41. 17nder most eireumstanees 
modulation bars will not occur if the amateur 
transmitter is frequency- or phase-modulated. 
WW1 these types of modulai ¡ ti the eross-hat eh-
ing will " wiggle" from side to side with the 
modulat ion. 

Except its the more severe eases, t liere is seldom 
any effect on the sound reception when inter-
ference shows its the picture, unless the frequency 
is quite close to the Found carrier. In the latter 

550 



Reducing Harmonic Generation 

event the sound in H.• interfered with even 
though the picture is cicztt.. 

Reference to Fig. 23-3 will show whether or not 
harmonics of the frequency in use will fall in any 
television channels that can be received in the 
locality. It should be kept in mind that not only 
harmonics of the final frequency may interfere, 
but also harmonics of any frequencies that may 
be present in buffer or frequency-multiplier 
stages. In the ease of 144-Me, transmitters. fre-
qu(ncy-multiplying combinations that require a 
don} pier or triplet. stage to operate on a frequency 
actually in a low-band v.h.f, channel in use in the 
locality should be avoided. 

Harmonic Suppression 

Effective harmonic suppression has three sepa-
rate phases: 

1) Reducing the amplitude of harmonics 
generated in the transmitter. This is a matter 
of cireuit design and operating comfit ions. 

21 Preventing stray radiation from the 
transmitter and from associated wiring. This 
requires adequate shielding and filtering of all 
circuits and leads from which radiation can 
take place. 

3) Preventing harmonies from being fed 
int o t he ant owlet,. 

It. is impossible to build a transmitter that. will 
not generate minu harmonies, but it is obviously 
advantageous to reduce their strength, by cir-
cuit design and choice of operating conditions, 
by as loge a factor as possible before attempt-
ing to prevent them from being radiated. 
I larmonic radiation from the transmitter itself or 
from its associated wiring obviously will cause 
interference just as readily as radiation from the 
antenna, so measures taken to prevent harmon-
ies from reaching the antl•niut will not reduce 
TVI if the t ransmitter itself is radiating harmon-
ics. But once it has been found that the trans-
mitter itself is free from harmonic radiation, 
devices for preventing harmonies from re:iching 
the antenna can be expected to produce results. 

• REDUCING HARMONIC 

GENERATION 

Since reasonably eflieient operation of r.f. 
power amplifiers always is accompanied by har-
monic generation, good judgment calls for oper-
ating all frequency-multiplier stages at a very low 
power level — plate voltages not exceeding 250 
or 300. When the final output frequency is 
reached, it is desirable to use as few stages as 
possible in building up to the final output power 
level, and to use tubes that require a minimum 
of driving power. 

Circuit Design and Layout 

Harmonic rol' ils of considerable amplitude 
flow in both the grid and plate circuits of r. f. 
power amplifiers, but they will do t'eut ively little 
harm if they can be effeetively bypassed to the 
cathode of the tube. Fig. 23-7 shows the paths 
followed by harmonic currents in an amplifier 

eireuit: because of the high reactance of the tank 
coil there is little harmonie current in it, so the 
harmonic currents simply flow through the tank 
capacitor, the plate (or grid) blocking capacitor, 
and the tube capacitances. The lengths of the 
leads forming these paths is of great importance, 
since the inductanee in this circuit will resonate 
with the tube capacitance at some frequency in 
the v.h.f. range (the tank and blocking capaci-
tances usually are so large compared with the 
tube capavitance that they have little effect on 
the resonant frequency). If such a resonance 
happens to occur at or near the same frequency as 
one of the transmitter harmonics, the effect is 
just the same as though a harmonie tank circuit 
liad 'wen deliberately introduced: the harmonic at 
that frequency will be tremendously increased in 
amplitude. 

Fig. 23-7—A v.h.f. resonant circuit is formed by the tube 
capacitance and the leads through the tank and blocking 
capacitors. Regular tank coils are not shown, since they 
have little effect on such resonances. CI is the grid tuning 
capacitor and C2 is the plate tuning capacitor. C3 and Ci 
are the grid and plate blocking or bypass capacitors, 

respectively. 

Such resonances are unavoidable, but by keep-
ing the path from plate to cathode and from grid 
to cathode as short as is physically possible, the 
resonant frequency usually can be raised above 
100 Mc. in amplifiers of medium power. This puts 
it between the two groups of television channels. 

It is easier to place grid-circuit v.h.f. resonances 
where they will do no harm when the amplifier is 
link-coupled to the driver stage, since this gen-
erally permits shorter leads and more favorable 
conditions for bypassing the harmonics than is 
the case with capacitive coupling. Link coupling 
also reduces the coupling between the driver and 
amplifier at harmonic frequencies, thus prevent-
ing driver harmonics from being amplified. 
The inductance of leads from the tube to the 

tank capacitor can be reduced not only by short-
ening but by using flat strip instead of wire con-
ductors. It is also better to use the chassis as the 
return from the blocking capacitor or tuned cir-
cuit to cathode, since a chassis path will have 
less inductance than almost any other form of 
connection. 
The v.h.f. resonance points in amplifier tank 

circuits can be found by coupling a grid-dip meter 
covering the 50-250 Mc. range to the grid and 
plate leads. If a resonance is found in or near a 
TV channel, methods such as those described 
above should be used to move it well out of the 
TV range. The grid-dip meter also should be useil 
to check for v.h.f. resonances in the tank coik, 
because coils made for 14 Mc. and below usually 
will show such resonances. In making the check, 
disconnect the coil entirely from the transmitter 
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and move the grid-dip meter coil along it while 
exploring for a dip in the 54-88 Mc. band. If a 
resonance falls in a TV ehatmel that is in use in 
the lovality, changing the number of turns will 
move it to a less-troublesome frequency. 

Operating Conditions 

Grid bias and grid eu rr((nt have an important 
effect on the harmonic content 0i. the r.f. currents 
in both the grid and plate circuits. In general, 
harmonie output increases as the grid bias and 
grid current are increased, but this is not neces-
sarily true of a parlicuhir harmonic. The third 
and higher harm(niics, esperially, will g() t hrough 
fluctuations in anutlitude as the grid current is 
increased, and sometimes a rather high value of 
grid current will minimize one harmonic as com-
pared with a low value. This eharacteristic can 
be used to advantage where a ti:irtieular harmonic 
is causing interferente, remembering that the 
operating vonditions that minimize one harmonic 
may great ly inerease another. 

For equal operating conditions, there is little 
or no difference bet ween single-ended and it 

amplifiers in respect to harmonic generation. 
Pushitull amplifiers are frequently tr(tult1((-mak-
ers on even harmonics beetiuse with such ampli-
fiers the eyen-harmonie voltages are in phase at 
the ends of the ttiril: eireuit and hence titi 'tir 
with equal amplitude across the whole tank ((oil, 
if the center of the coil is not grounded. Under 
such circumst;(nces the even harmonics can be 
coupled to the ( tut put circuit through stray capac-
itance between the tank and coupling it ( its. This 
does not occur in a single-m(1(41 amplifier having 
an inductively coupled tank, if' tin coupliiig coil is 
placed at the cold end, or with a pi-network tank. 

Harmonic Traps 

If a harmonic in only one TV channel is par-
ticularly bothersome — frequently the case when 
the transmitter operates on 28 Mc. — a trap 
tuned to the harmonic frequency may be in-
stalled in the plate lead as shown in Fig. 23-8. 
At the harmonic frequency the trap represents 
a very high impedance and hence reduces the 
amplitude of the harmonic current flowing 
through the tank circuit. In the push-pull circuit 
both traps have the same constants. The 
ratio is not critical but a high-C circuit usually 
will have least effect on the performance of the 
plate circuit at the normal operating frequency. 

Since there is a considerable harmonic voltage 
across the trap, radiation may occur from the 
trap unless the transmitter is well shielded. Traps 
should be placed so that there is no coupling 
between them and the amplifier tank circuit. 
A trap is a highly seleetive device and so is 

useful only over a small range of frequencies. A 
second- or third-harmonic trap on a 28-Mc, tank 
circuit usually will not be effective over more 
than 50 ke. or so at the fundamental frequency, 
depending on how serious the interference is with-
out the trap. Because they are critical of adjust-
ment, it is better to prevent TVI by other means, 
if possible, and use traps only as a last resort. 

PUSH-PULL 

SINGLE- ENDED 

Fig. 23-8—Harmonic traps in an amplifier plate circuit. 
L and C should resonate at the frequency of the harmonic 
to be suppressed. C may be a 25- to 50-oµf. midget, 
and L usually consists of 3 to 6 turns about 1/2  inch in 
diameter for Channels 2 through 6. The inductance 
should be adjusted so that the trap resonates at about 
half capacitance of C before being installed in the trans-
mitter. The frequency may be checked with a grid-dip 
meter. When in place, the trap should be adjusted for 

minimum interference to the TV picture. 

• PREVENTING RADIATION FROM 
THE TRANSMITTER 

The extent to whielt interferenve will be caused 
by direct radiation of spurious signals depends on 
the operating frequency, the transmitter power 

t st length of the television signal, an(' t he 
distanee between the transmitter and TV re-
ceiver. Transmitter ra(liation van be a very seri-
ous problem if the TV signal is weak, if the TV 
receiver and tunateur transmitter are close to-
gether, and if the transmitter is operated with 
high power. 

Shielding 

Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. Ti) be effective, a shield must com-
pletely enclose the circuits and parts and must 
have no openings that will permit r.f energy to 
escape. Unfortunately, ordinary metal boxes and 
cal tinets do not provide good shielding, since such 
openings its louvers, lids, and holes for running 
in ronnertions allow far too muelt leakage. 
A primary retmisite for good shielding is that 

all joints must make a good electrical connection 
along their entire length. A small slit or crack 
will let out a surprising amount of r.f. energy; so 
will ventilating louvers and large holes such as 
those used for mounting meters. Ott the other 
hand, small holes do not impair the shielding 
very greatly, and a limited number of ventilating 
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holes may be used if they are small — not over 
V4 inch in diameter. Also, wire screen makes quite 
effective shielding if the wires make good electrical 
connection at each crossover. Perforated alumi-
num such as the " do-it-yourself" sold at hard-
ware stores also is good, although not very 
strong mechanically. If perforated material is 
used, choose the variety with the smallest 
openings. The leakage through large openings 
can be very much lei luce  by covering such 
openings with screening or perforated aluminum, 
well bonded to all edges of the opening. 
The intensity of r.f. fields about coils, capaci-

tors, tubes and wiring deereases very rapidly with 
distance, so shielding is more effeetive, from a 
praetical standpoint, if t (mnponents and wir-
ing are not too close to it. It is tulvisable to have a 
separation of several Multi's, if possible, between 
"hot" points in the eireuit and the nearest shield-
ing. 

For a given t Itickness of metal, the greater the 
conductivity the better the shielding. Copper is 

with aluminum, brass and steel following in 
t hat order. However, if tile thickness is adequate 
for structural purposes (over 0.02 inch) and the 
shield and a hot ioint in t Ire circuit are not in 
close proximity, any of t hest. metals be sails-
faetory. ; realer separation should be used with 
steel shielding than ‘vith the other materials not 
ortly because it is VOIISiiit•rithly poorer as a shield 
but also because it will cause greater losses in 
near-by cirettits tluin would copper or aluminum 
at the sanie distance. \Vire screen or perforated 
metal used Is ri shield should also be kept at 
some Ii t ti ut frt nut high-voltage or high-current 
r.f. points, since there is considerably more 
leakage throtigh the mesh than through solid 
metal, 
Where t wo pieces of met al join, as in forming a 

corner, they should overlap at least a half inch 
and be fa,t ci ted together firmly with screws or 
bolts spaved at close-enough intervals to main-
tain firm cintittet all along the joint. The eontact 
surfaces slit mid be clean before joitting, and 
stead(' lie eheeked oecasionally — especially steel, 
whieli is almost certain to rust after a period of 
time. 
The leakage t I rot igh a given size of aperture in 

shielding increases with frequency, so surit points 
as good continuous contact, screening of large 
holes, and so on, become even more important 
when the radiation to be suppressed is in the 
high band — 174-216 Mc. llenee 50- and 1-14-
Mc. transmitters, which itt general will have 
frequency-mtiltiplier harmonies of relatively 
high intensity in this region, require special 
attention in this respect if the possibility of in-
terfering with a channel received locally exists. 

Lead Treatment 

Even very good shielding can be made com-
pletely useless when connections are run to exter-
nal power supplies and other equipment from 
the circuits inside the shield. Every such conduc-
tor leaving the shielding forms a path for the 
escape of r.f., which is then radiated by the con-

necting wires. Hence à step that is essential in 
every ease is to prevent harmonic currents from 
flowing on the leads leaving ibe shielded en-
closure. 

harmonic currents always flow on the d.c. or 
a.c. leads connecting to the tube circuits. A very 
effective means of preventing such currents from 
being coupled into other wiring, and one that 
provides desirable bypassing as well, is to use 
shielded wire for all such leads, maintaining the 
shielding from the point where the lead connects 
to the tube or r.f. circuit right through to the 
point where it leaves the chassis. The shield braid 
should be grounded to the chassis at both ends 
and at frequent intervals along the path. 
Good bypassing of shielded leads also is esien-

tial. Bearing ill mind that the' shield braid about 
the conduetor confines the harmonic currents to 
the inside of the shielded wire, the object of by-
passing is to prevent their escape. Figs. 23-9 and 
23-10 show the proper way to bypass. The small-
type 0.001-d. ceramic disk capacitor, when 
n-munted on the end of the shielded wire as shown 
in Fig. 23-9. actually forms a series-resonant 
circuit in the 5-1-88-Me, range and thus repre-
sents practically a short-circuit for low-band TV 
harmonics. The exposed wire to the connection 
terminal should be kept as short as is physically 
possible, to prevent any possible harmonic pick-
up exterior to the shielded wiring. Disk capaci-
tors of this capacitance are available in several 
voltage ratings up to 3000 volts. For higher 
voltages, the maximum (up:wit:ewe available is 
approximately 500 gpf., which is large enough 
for good bypassing of harmonies. Alternatively, 
mica capacitors may lie used as shown in Fig. 
23-10, mounting the capacitor flat against the 
chassis and grounding the end of the shield braid 
directly to chassis, keeping the exposed part as 
short as possible. Either 0.001-ef. or -170-aid. 
(500 ed.) capacitors should be used. The larger 
capacitance is series-resonant in Channel 2 and 
the smaller in Channel 6. 

Fig. 23-9— Proper method of bypassing the end of a 
shielded lead using disk ceramic capacitor. The 0.001-
J.if. size should be used for 1600 volts or less; 500 µµf. at 
higher voltages. The leads are wrapped around the 
inner and outer conductors and soldered, so that the lead 
length is negligible. This photograph is about four times 

actual size. 
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Fig. 23- 10—Bypassing with o mica capacitor the end 
of a high- voltage lead. The end of the shield braid is 
soldered to a lug fastened to the chassis directly under-
neath. The other terminal of the capacitor is similarly 
bolted directly to the chassis. When the bypass is used 
at a terminal connection block the "hot" lead should be 
soldered directly to the terminal, if possible, but in any 

event connected to it by a very short lead. 

These bypasses are essential at the connection-
bloek terminals, and desirable at the tube riais 
of the leads also. Installed as shown with shielded 
wiring, they have been found to be so effective 
that there is usually no need for further harmonic 
filtering. However, if a test show), I hat additional 
filtering is required, the arrange:11(.1st shown in 
Fig. 23-11 may be used. Such an r.f. filter should 
be installed at the tube end of the shidded kai 
and if more than one circuit is filtered care should 
be taken to keep the r.f. chokes separated from 
each other and so oriented as to minimize (muffling 
between them. This is necessary for preventing 
harmonics present in one circuit from being 
coupled into another. 

In difficult cases involving Channels 7 to 13 — 
Le., close proximity between the transmitter and 
receiver, and a weak TV signal — additional lead-
filtering measures may be needed to prevent 
radiation () I' interfering signals by 50- and 14-1-1e. 
transmitters. A recommended method is shown 
in Fig. 23-12. It uses a shielded lead bypassed 
with a ceramic disk as described above, with the 
addition of a low-inductance feed-through type 
capacitor and a sn-lall r.f. choke, the capacitor 
being used as a terminal for the external connec-
tion. For voltages: above 400, a capacitor of 
compact, construction (as indicated in the cap-
tion) should be used, mounted so that there is a 
very minimum of exposed lead, inside the chassis, 
from the capacitor to the connection terminal. 
As an alternative to the series-resonant by-

passing described above, fee(1-throtigh tylse ca sis 
itors such as the Sprague "Hypass- type may 

PEGUL AR 
BYPASS 
FOR 

CIRCUIT 

RFC 

VERY SNORT 
LEAD 

BlICIELDED LEAD 

be used as terminals for external connections. 
The ideal method of installation is to mount them 
so they protrude through the chassis, with thor-
ough bonding to the chassis all around the hole in 
which the capacitor is mounted. The principle is 
illustrated in Fig. 23-

Meters that are mounted in an r.f. unit should 
be enclosed in shielding covers, the connections 
being made with shielded wire with each lead 
bypassed as described above. The shield braid 
should be grounded to the panel or chassis im-
mediately outside the meter shield, as indicated 
in Fig. 23-14. A bypass may also be connected 
across the meter terminals, principally to prevent 
any fundamental current that may be present 
from flowing through the meter itself. As an alter-
native to individual meter shielding the meters 
may be mounted entirely behind the panel, and 
the panel holes needed for observation may be 
covered with wire sereen that is carefully bonded 
to the panel all around the hole. 
Care should be used in t he selection of shielded 

wire for transmitter use. Ncst only should the in-
sulation be conservatively rated for the tic. volt-

Fig. 23-12—Additional lead filtering for harmonics or 
other spurious frequencies in the high v.h.f. TV band 

(174-216 Mc.). 
Cs-0.001 -pf. disk ceramic. 

CD-0.001 -µf. feed-through bypass (Erie Style 326). 
(For 500-2000-volt lead, substitute Plasticon 
Glass mike, ISG-251, for 

RFC- 14 inches No. 26 enamel close-wound on 3/36-inch 

diam. form or resistor. 

age in use, but the insulation should be of ma-
terial that will not easily deterifirate in soldering. 
Tice r.f. eharaeteristics of the wire arc not espe-
cially important, except that the at tenuation of 
harmonics in the wire itself will lw greater if the 

Fig. 23-11—Additional r.f. filtering of sup-
ply leads may be required in regions where 
the TV signal is very weak. The r.f. choke 
should be physically small, and may consist 
of a 1-inch winding of No. 26 enameled wire 
on a 1/4 -inch form, close-wound. Manufac-
tured single-layer chokes having an induct-
ance of a few microhenrys also may be used. 
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Shield or 
— Chassis wall 

INSIDE OUTSIDE 

Borui 
Bond all 
around 

Fig. 23-13—The best method of using the "Hypos:" 
type feed-through capacitor. Capacitances of 0.01 to 
0.1 µf. are satisfactory. Capacitors of this type are useful 
for high-current circuits, such as filamcnt and 115-vcIt 

leads, as a substitute for the r.f. choke shown in Fig. 23-11, 

in cases where additional lead filtering is needed. 

insulating material has high losses at radio fre-
queneies: iii ot her words, wire int enilet I for use at 
doe. and low freipieneies is preferable to cables 
designed expressly for tarrying if. The attenua-
tion a k will increase with the lengt It it t 
in gun, Tal, it is better to make t he lea, is sis long as 
eircumstanees permit rat lui' than to follow the 
more usual pray' iee of using no in ire lead than is 
actually neressary. \V itere wires cross or run 
isarallel, the shields should spot-soldered 
;together and connected to the chassis. l'or high 
voltages, automobile ignition ruble covered with 
:shielding braid is recommended. 

Proper shielding of the transmitter requires 
'that the r.f. cirettits be shielded entirely from t he 
extet  'cling leads. A situation surit as is 
shown in Fig 23-15, whew the leads in the r.f. 
chassis have Iteen shielded and properly filtered 
but the chassis is mounted in ti Itt gr shiefd, simply 
invites the harmonic currents to travel over the 
chassis and on out over the lest ils wit,idc the 
chassis. The shielding about the r.f. circuits 
should make complete contact with the chassis 

Partel 

azoumi 
meter 

o ow Disc 
ceranue 

Bond to panel or meter 
shzeld here 

Fig. 23 14— Meter shielding and bypassing. It is essential 
to shield Me meter mounting hole since the meter will 
carry r.f. through it to be radiated. Suitable shields can 

be made from 21/2 - or 3- inch diameter metal cans or 
small metal chassis boxes. 

on whieh the parts are mounted. 

Checking Transmitter Radiation 

A cheek for t tam is ter radiation always should 
be made before attempting to use low-pass filters 
or other devices for preventing harmonies from 
reaching the antenna system. The only really 
satisiactory indicating instrument is a television 
receiver. In regions where the TV signal is strong 
an indicating wavemeter such as one having a 
eryst al or t taw detector trciy useful: if it is pos-
sible to get any indication at all front harmonies 
either on supply luails or around th.. transmitter 
itself, the harmonies are probal ily strong enough 
to cause interference. ! however. the absence of 
any surit indication , loes not mean thud harmonic 
inierferenve vill not be eaused. If the teeltniques 
of shielding and lead filtering described in the 

Fig. 23-1 5 — A metal cabinet can be an adequate shield, 
but there will still be radiation if the leads inside can 

pick up r.f, from the transmitting circuits. 

preeeiling serf ion are followed, the learmonie in-
tensity on any external leads should be far below 
what :my such inst runtents ean detest. 

t ion checks should be made with the 
transmitter delivering full power into a dummy 
antenna, such its an ittrandescent lamp of suitable 

in ir ya.fing, prefer,bly tile 

siiiilded enclosure. If the dummy must be ex-
ternal, it is desirable 1..1111(44 it through a coax-
matching circuit such as is shown itt lit. 23-16. 
Shit•Iding the dummy antenna circuit is also de-
sirable, although it is not always necessary. 
Make the radiation test on all frequencies that 

are to be used in transmitting, and note whether 
or not interference pat terns show in the received 
pieture. (These tests must be made while a TV 
signal is being reeeived, sines. the lwat patterns 
will not be formed if the TV picture carrier is not 
present.) If interference exists, its source can be 
detected by grasping the various external leads 
(by the insulation, not the live wire!) or bringing 
the hand near meter faces, louvers, and other pos-
sible points where harmonic energy might escape 
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Fig. 23-16—Dummy-antenna circuit for checking har-
monic radiation from the transmitter and leads. The 
matching circuit helps prevent harmonics in the output 
of the transmitter from flowing back over the transmitter 
itself, which may occur if the lamp load is simply con-
nected to the output coil of the final amplifier. See trans-
mission- line chapter for details of the matching circuit. 
Tuning must be adjusted by cut-and-try, as the bridge 
method described in the transmission- line chapter will 
not work with lamp loads because of the change in re-

sistance when the lamps are hot. 

from the transmitter. If any of these tests cause a 
change — not necessarily an increase — in the 
intensity of the interferentP, the presence / if har-
monics at that point is indicated. The Itie:ithst 
of such ' hot" spots usually will point the way 
to the remedy. If the TV receiver and the t ra I is-
mitter can be operate t1 sid e-by-sitle, a length of 
wire conneeted to one antenna terminal on the 
receiver can be used as a probe to go over the 
transmit ter enelosure and extt‘rnal leads. This de-
viee will very (wieldy expose the spots from 
which serious leakage is taking plaee. 
As a final test, eonnert the transmitting an-

tenna or its transmission line terminals to the 
outside of the transmitter shielding. Interference 
created when this test is applied indicates that 
weak eurrents are on the outside of the shin/ I and 
can be conducted to the antenna when the nor-
mal antenna connections are used. Currents of 
this nature represent interferettce that can be 
condueted over low-pass filters, etc., and which 
therefore cannot be eliminated 1,.\- stint filters. 

• PREVENTING HARMONICS FROM 
REACHING THE ANTENNA 

The third and last step in reducing harmonic 
TVI is to keep the spurious energy generated in 
or passed through t lie final stage from traveling 
over the transmission line to the antenna. It is 
seldom wort h while even to at tempt this unt il t he 
radiation from tin transmit ter and its connecting 
leads has been reduced to the point where, with 
the transmitter delivering full power into a 
dummy antenna, it has been determined by ac-
tual testing with a television reeeiver that the 
radiation is below the luvel that ran cause inter-
feret ice. If the dummy antenna test shows enough 
radiation to be seen in a TV pirture, it is a practi-
cal certainty that harmonics will be coupled to 
the antenna system no matter what preventive 
masures are taken. 

In inductively coupled output systems, some 
harmonic energy will be transferred from the final 
amplifier through the mutual inductance between 
the tank coil and the output coupling coil. Har-
monics of the output frequency transferred in 
this way can be greatly reduced by providing 

sufficient selectivity between the final tank and 
the transmission line. A good deal of selectiv-
ity, amounting to 20 to 30 III). reduction of the 
second harmonic and much higher reduction of 
higher-order harmonics, is furnished by a match-
ing circuit of the type shown in Fig. 23-16 and 
described in the chapter on transmission lines. 
An " antenna coupler" is theref,iiv a worthwhile 
addition to the transmit ter. 

In 50- and 111-NIe. transmitters, particularly, 
harmonics rit IIiIectly assut•ia et I wit It the output 
frequency such as those generated in low-fre-
quency ea ttly st iglts of the t ransmit t er — may get 
coupled to the antenna by stray IlleallS. For ex-
ample, a 111-Nle. transmitter might have an 
oscillator or frequency multiplier at 48 NIe., 
followed by a tripler to 144 NIe. Some of the 
48-Me. energy will appear it) the plate circuit of 
the tripler. and if passed on to the grid of the 
final amplifier will appear as a -I8-Mc. modulation 
on the 114-Mc. signal. This will cause a spurious 
signal at P/2 Me., which is in the high TV band, 
and t LI elect ivity of I he tank circuits may not be 
sufficient to prevent its being coupled to the 
antenna. Spurious signals of this type tun be re-
duced by using link coupling bet ween the driver 
stage aim' final amplifier (and Itetweett earlier 
stages as well) in addition to the suppression 
afforded by using an antenna coupler. 

Capacitive Coupling 

The upper drawing in Fig. 23-17 shows it 
parallel-conductor link as it might be used to 
couple into a parallel-conductor line through a 
matching circuit. Inasmuch as It roil is a sizable 
metallic object, there is capacitance bet ween 
the final tank coil and its associated link coil, 
and between the mat rhing-eireuil coil : Intl its 
link. Energy coupled thruttglt these cap:wit:mites 
travels over the Ind: circuit and the transmission 
line as though these were merely single condue-
tors. The tutted circuits simply act as masses of 
metal and offer no seleetivity itt all for capaci-
tively-coupled energy. Although the actual 
capaci :owes are small. t Is.y offer a good t•oupling 
medium for frequencies in the v.h.f. range. 

Capacitive coupling can be reduced by coupling 

-L_ 
AC Tu. OuND 

AL Twit. G.OuND= 

EQUIVALENT 

Fig. 23- 17—The stray capacitive coupling between coils 
in the upper circuit leads to the equivalent circuit shown 

below, for v.h.f. harmonics. 
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Fig. 23-18—Methods of coupling and 
grounding link circuits to reduce ca-
pacitive coupling between the tank 
and link coils. Where the link is wound 
over one end of the tank coil the side 
toward the hot end of the tank should 

be grounded, as shown at B. 

031 (C) (A) 

to a " cold" point on the tank coil — the end con-
nected to ground or cathode in a single-ended 
stage. In push-pull circuits having a split-stator 
capacitor with the rotor grounded for r.f., all parts 
of the tank coil are " hot" at even harmonics, but 
the center of the coil is " cold" at t he fundamental 
and odd harmonics. Lithe mitt et. of the tank coil, 
rather than the rotor of the tank eapaeit or, is 
grounded through a bypass imp:wit or the center 
of the coil is " cold" at all itequencies, but this 
arrangement is not very desirable because it 
causes the harmonic currents to flow t hrough the 
coil rather than t he tank capacitor and this in-
creases the harmonic transfer by pure inductive 
coupling. 
With either single-ended or balanced tank cir-

cuits the coupling coil should be grounded to the 
chassis by a short, direct connection as shown in 
Fig. 23-18. If the coil feeds a balanced line or link, 
it is preferable to ground its center, but if it feeds 
a coax line or link one side may be grounded. 
Coaxial output is much preferable to balanced 
output, because the harmonics have to stay 
inside a properly installed coax system and tend 
to be attenuated by the cable before reaching the 
antenna coupler. 

At high frequencies — and possibly as low as 14 
Mc. — capacitive coupling can be greatly reduced 
by using a shielded coupling coil as shown in Fig. 
23-19. The inner conductor of a length of coaxial 
cable is used to form a one-turn coupling coil. The 
outer conductor serves as an open-circuited shield 
around the turn, the shield being grounded to 
the chassis. The shielding has no effect on the 
inductive coupling. Because this construction is 
suitable only for one turn, the coil is not well 
adapted for use on the lower frequencies where 
many turns are required for good coupling. 
Shielded coupling coils having a larger number 
of turns are available commercially. A shielded 
coil is particularly useful with push-pull ampli-
fiers when the suppression of even harmonics is 
important. 
A shielded coupling coil or coaxial output will 

not prevent stray capacitive coupling to the an-
tenna if harmonic currents can flow over the 
outside sd the es sax line. In Fig. 23-20, the arrange-
ment at either A or C will allow r.f. to flow over 
the outside of the cable to the antenna system. 
The proper way to use maxial cable is to shield 
the transmitter completely, as shown at B, and 
make sure that the outer conductor of the cable is 
a continuation of the transmitter shielding. This 
prevents r.f. inside the transmitter from getting 
out by any path except the inside of the cable. 
Harmonics flowing through a coax line can be 
stopped from reaching the antenna system by an 

NO CONNECTION 

r 7 HE RE 

INNER CONDUCTOR 

SOLDERED TO CABLE SHIELD 

TO SECOND 
LINK 

Fig. 23-19—Shielded coupling coil constructed from 
coaxial cable. The smaller sizes of cable such as RG-59/11 
are most convenient when the coil diameter is 3 inches or 
less, because of greater flexibility. For larger coils 

RG-8/U or RG-11 /U can be used. 

(A) 

(B) 

Fig. 23-20—Right ( B) and wrong (A and C) ways to 
connect a coaxial line to the transmitter. In A or C, har-
monic energy coupled by stray capacitance to the out-
side of the cable will flow without hindrance to the an-
tenna system. In B the energy cannot leave the shield and 

can flow out only through, not over, the cable. 
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antenna coupler or by a iow-pass filter installed 
in the line. 

Low-Pass Filters 

A low-pass filter properly installed in a coaxial 
line, feeding either a matching circuit ( antenna 
coupl(.r) or feeding the antenna direetly, will pro-
vide very great at of hartnonies. When 
the main transmission line is of the parallel-con-
ductor type, the coax-coupled matehing-cii.cuit 
arrangement is highly reeommended as a means 
for using a coax low-pass filter. 
A properly designed low-pass filter will not 

introduce appreciable power loss at the funda-
mental frequency if the coaxial line in which it is 
inserted is terminated s>) that the s.w.r. is low. 
(The s.w.r. ean easily be measured by means of a 
simple bridge as described in the chapters on 
measurements and transmission lines.) Such a 
filter has the property of passing without loss all 
frequencies below its " eut-off" frequency, but 
simultaneously has large attenuation for all fre-
quencies above the cut-off frequency. 

Low-ixtss filters of simitle and inexpensive con-
struction for use with transmitters operating be-
low 30 Mc are shown in Figs. 23-21 and 23-23. 
The former is designed to use mica capacitors 
of readily available (up:wit:m(4 values, for com-
pactness and ;ow cost. Both use the same cir-
cuit, Fig. 23-22, the only difference being in the 
L and C values. Technically, they are three-sec-
tion filters having two full constant-k sections 
and two nt-derived terminal ir kg half-sections, 
and their attenuation in the 54-88-Mc, range 
varies from over 50 to nearly 70 db., depending 
on the frequency and the particular set of values 
used. Above 174 Me. the theoretical attenuation 
is better than 85 db., but will depend somewhat 

Fig. 23-21—An inexpensive low-pass filter using silver-
mica postage-stamp capacitors. The box is a 2 by 4 by 6 
aluminum chassis. Aluminum shields, bent and folded at 
the sides and bottom for fastening to the chassis, form 
shields between the filter secticns. The diagonal arrange-
ment of the shields provides extra room for the coils and 
makes it easier to fit the shields in the box, since bending 
to exact dimensions is not essential. The bottom plate, 
made from sheet aluminum, extends a half inch beyond 
the ends of the chassis and is provided with mounting 
holes in the extensions. It is held on the chassis with sheet-

metal screws. 
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Fig. 23-22—Low-pass filter circuit for attenuating har-
monics in the TV bands. Ji and h are chassis-type coaxial 
connectors. In the table below the letters refer to the 

following: 

A—Using 100- and 70-µµf. 500-volt silver mica capaci-
tors in parallel for C2 and Ca. 

B—Using 70- and 50-suf. silver mica capacitors in 
parallel for C2 and Ca. 

C—Using 100- and 50-14d. mica capacitors, 1200-volt 
(case-style CM-45) in parallel for C2 and Ca. 

D and E—Using variable air capacitors, 500- to 1000-
volt rating, adjusted to values given (see measure-
ments chapter for data on measuring capacitance). 

A 

Zo 

f, 

fi 

f. 

32.5 

CI, Cs 50 

C2, C3 170 

Li, L5 

L2, L4 

Ls 

52 

36 

44.4 

25.5 

75 

35.5 

47 

25.2 

31.8 

40 

120 

51/2 6 

8 Il l 

9 I 13 

52 

41 

54 

D 

52 

40 

50 

29 28.3 

37.5 36.1 

50 46 

150 154 

4 5 

7 

8 

7 

81/2  , 

E 

75 

40 

50 

28.3 

36.1 

32 

106 

61/2 

91/2  

11 1/2  

ohms 

Mc. 

Mc. 

Mc. 

Mc. 

isgf. 

;ltd. 

turns* 

turns* 

turns* 

*No. 12 or No. 14 wire, 1/2 -inch inside diameter, 8 
turns per inch. 

1A 9-turn coil with closer turn spacing to give the same 
inductance is shown in Fig. 23-21. 

on internal resonant conditions associated princi-
pally with the lead lengths to the capacitors. 
These leads should be kept as short as is physi-
calk- possible. 
The power that filters using mica capacitors 

can handle safely is determined by the voltage 
and current limitations of the capaeit ors. The 
power rapacity is least at the highest frequeney. 
The unit using postage-stamp silver mica capaei-
t ors is capable of handling approximately 50 wat ts 
in t he 28-:\ Lc. I and, when working into a prop-
erly-matched line, but is good for about 150 watts 
at 21 Me. and 300 watts at 14 Mc. and lower frt.-
qiienries. A filter with larger mica capacitors (case 
type ('M-15) will rally about 250 watts safely at 
28 Me.. this rating increasing to 500 wat ts at 21 
l‘Ic. and a kilowatt at 1 1 le. and hover. If there 
is an aepreciable mismatch lud ween t lu filter and 
the line into which it works, these ratings will be 
considerably deereased, so in order t o avoid capac-
itor failure it is highly essential that the line on 
the output side of the filter be carefully matched 
by its load. This can be done with an s.w.r. bridge, 



Low-Pass Filters 

Fig. 23-23—Low-pass filter using variable air capacitors. 
The box is a 2 by 5 by 7 aluminum chassis, fitted with a 
bottom plate of similar construction to the one used in Fig. 

23-21. 

and the matching is easy to control if the line 
from the filter terminates in a matching circuit 
of the type described in the chapter on transmis-
sion lines. 
The power capacity of these filters can be in-

creased considerably by substituting r.f. type 
fixed capacitors (such as the Centralab 850 series) 
or variable air capacitors, in which event the 
power capability will be such as to handle the 
maximum amateur power on any band. The con-
struction can be modified to accommodate vari-
able air capacitors as shown in Fig. 23-23. 

Using fixd capacitors of standard tolerances, 
there should be little difficulty in getting proper 
filter operation. A grid-dip meter with an accurate 
calibration should be used for adjustment of the 
coils. First, wire up the filter without L2 and L4. 
Short-circuit Ji at its inside end with a screw-
driver or similar conductor, couple the grid-dip 
meter to L1 and adjust the inductance of LI, by 
varying the turn spacing, 
until the drcuit resonates at 
he as given in the table. Do 
the same thing at the other 
end of the filter with 1,5. 
Then couple the meter to the 
circuit formed by 1.3, C2 and 
C3, and adjust L3 to resonate 
at the frequency fi as given 
by the table. Then remove LI. 

Fig. 23-24 — low-pass filter fo 
use with 50-Mc. transmitters and 
52-ohm line. It uses variable air 
capacitors adjusted to the proper 
capacitance values and is suited to 

powers up to a kilowatt. 

install L2 and Lel and adjust L2 to make the cir-
cuit formed by LI, L2, CI and C2 (without the 
short across JO resonate at f2 as given in the 
table. Do the same with L4 for the circuit formed 
by LI, L5, C3 and Ct. Then replace L3 and check 
with the grid-dip meter at any coil in the filter; 
a distinct resonance should be found at or very 
close to the cut-off frequency, f„ The filter is then 
ready for use. 
The filter constants suggested at D and E in 

Fig. 23-22 are based on the optimum design for 
good impedance characteristics — that is, with 
m = 0.6 in the end sections — and a cut-off fre-
quency below the standard i.f. for television re-
ceivers (sound carrier at 41.25 Mc.; picture car-
rier at 45.75 Mc.). This is to avoid possible har-
monic interference from 21 Mc. and below to the 
receiver's intermediate amplifier. The other de-
signs similarly cut off at 41 Mc. or below, but m 
in these cases is necessarily based on the capac-
itances available in standard fixed capacitors. 

Filters for SO- and 144-Mc. Transmitters 

Since a low-pass filter must have a cut-off fre-
quency above the frequency on which the trans-
mitter operates, a filter for a v.h.f. transmitter 
cannot be designed for attenuation in all tele-
vision channels. This is no handicap for vhf. 
work but means that the filter will not be effec-
tive when used with lower-frequency transmit-
ters, unless it happens that no TV channels in use 
in the locality fall inside the pass band of the 
filter. 

Fig. 23-24 shows a filter for 52-ohm coax suit-
able for a 50-Mc, transmitter of any power up to 
the authorized limit. The circuit diagram is 
given in Fig. 23-25. If the values of inductance 
and capacitance can be measured (see chapter on 
measurements) the components can be preset and 
assembled without further adjustment. Alterna-
tively, the grid-dip meter method described 
earlier may be used. The resonant frequencies are: 
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Lei (J1 shorted, L3 disconneeted) } 81.5 mc. 
L5C4 (J3 shorted, L4 disconnected) 
L3C2C3 (L2 and L4 disconnected) 46 Mc. 
L1L2C1C2 (L3 disconnected)1 

58.5 Mc. L4L5C3C4 (L3 disconnected) 

The cut-off frequency is approximately 65 Mc. 

L, L, L. 

24,ef. 1TIONS 

2 

tepid. 

Fig. 23-25—Circuit diagram of the low-pass filters for 
50- and 144-Mc. transmitters. Values on the drawing 
are for the 50-Mc filter. Partitions are not used in the 

144-Mc. unit. 

CI, C4-50 Mc.; 50-gµf. variable, shaft-mounted, set to 
middle of tuning range (Johnson 50115). 144 
Mc.: 11-µØd. ceramic ( 10-µµf. usable). 

C2, C3-50 Mc.: 100-pid. variable, shaft-mounted set 
with rotor 1/4 inch out of stator (Bud MC-905). 
144 Mc.: 38-pf. stand-off bypass ( Erie Style 
721A). 

50-Mc, coil data: 
1.1, 1.5.31/2  turns % inch long. Top leads 34 inch, bottom 

leads % inch long. 
Ls, L4-41/2  turns % inch long. Leads % inch long each end. 
L3-51/2  turns VS inch long. Leads 1 inch long each. All 

50-Mc. coils No. 12 tinned, 1/2 -inch diam., coil 
length measured between right-angle bends 
where leads begin. 

144-Mc, coil data: 
LI, Lx-3 turns % inch long. Leads % inch long each end. 
1.2, L4-2 turns % inch long. Leads 1 inch long each end. 
L3-5 turns 3/4 inch long. Leads % inch long each end. 

All 144-Mc. coils No. 18 tinned, 1/4 -inch diem., 
lengths measured as for 50-Mc. coils. 

.14 12—Coaxial fitting. 

The case for the 50-Mc, filter is a standard 
aluminum slip-cover type box measuring 3% by 
13 by 25% inches, l'he two end capacitors, Cs and 
C4, are mounted with their two stator posts to-
ward the ends of the filter. The two larger units are 
mounted in the center compartment with their 
rotor shafts toward the middle. The top leads 
from coils L1 and L5 are wrapped around the 
stator terminals of C1 and C4, and the bottom 
leads fit directly into the coaxial input and output 

Fig. 23-26—A 52-ohm low-pass 
filter for 144- Mc, transmitters. 

fittings. The outer ends of coils L2 and L4 are 
soldered to the coaxial fitting terminals, and their 
inner ends are soldered to lugs supported on one-
inch ceramic stand-off insulators. Leads from the 
stand-offs go through holes in the partitions to 
the bot tom stator lugs on C2 and C3. L3 is soldered 
to the two upper lugs on these two capacitors, 
thus completing the filter circuit. Lead lengths 
for the coils given in the parts list are the total 
lengths to be left when the winding is completed, 
including the portions that will be used in solder-
ing operations. 

This filter will give high attenuation in Chan-
nels 4-6 and all the high-band channels, and thus 
will take care of most of the spurious signals gen-
erated in a 50-Mc. transmitter. 
A filter for low-power 144-Me, transmitters is 

shown in Fig. 23-2ii. It is designed for maximum 
attenuation in the 190-215 Me. region to suppress 
the spurious radiations in that range that fre-
quently occur with 144-Mc, transmitters, but 
also has good attenuation for all frequencies above 
170 Mc. Optimum capacitance values are given 
in Fig. 23-25. If possible, several units of the 
nearest standard values available should be 
measured and those having values closest to the 
optimum used. The inductance values are too 
small to be measured with sufficient accuracy, so 
the filter should be at as follows: 

First, mount LI and Ch short Ji temporarily at 
its inner terminals, and adjust Ls until the com-
bination resonates at 200 Mc, as shown by a grid-
dip meter. Next, remove the short from J1 and 
connect L2 and C2, adjusting L2 until the circuit 
formed by L1L2C1(72 resonates at 114 Mc. Then 
disconnect L2 and mount L3 between C2 and C3. 
Adjust L3 until the circuit L3C2C3 resonates at 
112 Mc. Next, disconnect L3 and follow a similar 
procedure starting from the other end with L5 and 
C4. Finally, reconnect all coils and a check at any 
point its the filter should show resonance at 16.0 
Me., the approximate cut-off frequency. 
The case for the 144-Mc, filter is made from 

flashing copper and is 1U inches square by 7% 
incises long. The main portion of the case is cut 
from a single piece with the end tabs folded 
down and soldered to the sides. Flanges are 
folded over at the bottom, and a cover is made to 
slip over these. 

Filter Installation 

In order to give the harmonic attenuation of 
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which it is capable, a low-pass filter must be in-
stalled in such a way that all the output of the 
transmitter flows through it. If harmonic currents 
are permitted to flow on the outside of the con-
necting coaxial cables, t hey will simply flow over 
the filter and on up to the antenna, and the filter 
does not have an opportunity to stop them. That 
is why it is so important to reduce the radiation 
from the transmitter anti its leads to negligilde 
proport ions. 

Fig. 23-27 shows the proper way to install a 
filter between a shielded transmitter and a match-
ing circuit. Note that the coax, together with the 
shields about the transmitter and filter, forms a 
continuous shield to keep all the r.f. inside. It is 
thus forced to flow through the filter and the 
harmonics are attenuated. If there is no harmonic 
energy left after passing through the filter, shield-
ing from that point on is not necessary; conse-
quently, the matching circuit or antenna coupler 
does not need to be shielded. However, the 
antenna-coupler chassis arrangement shown in 
Fig. 23-27 is desirable because it will tend to 
prevent fundamental-frequency energy from flow-
ing from the matching circuit back over the 
transmitter; this helps eliminate feed-back trou-
bles in audio systems. 

If the antenna is driven through coaxial line 
the matching circuit shown in Fig. 23-27 may 
be omitted. In that case the line goes directly 
from the filter to the antenna. 

1Vhen a filter does not seem to give the har-
monic attenuation of which it should be capable, 
the probable reason is that harmonics are bypass-
ing it because of improper installation and inade-
quate transmitter shielding, including lead filter-
ing. However, occasionally there are eases where 
the circuits formed by the cables and the appara-
tus to which they conneet become resonant at it 
harmonic frequency. This greatly   
increases the harmonic output at 
that frequency. Such tioubles can be 
completely overcome by substitut-
ing a slight ly different cable length. 
The most crit ical length is that con-
two ing the transmitter to the filter. 
Checking with a grid-dip meter at 
the final amplifier output coil usu-
ally will show whether an un-
favorable resonance of this type 
exists. 

the basis of the design considerations outlined 
under " Reducing Harmonic Generation". 

2) Cheek all circuits, particularly those con-
nected with the final amplifier, with the grid-dip 
meter to determine whether there are any reso-
nances in the TV bands. If so, rearrange the cir-
cuits so the resonances are moved out of the 
critical frequency region. 

3) Connect t he transmitter to the dummy an-
tenna and check with the wavemeter for the 
presence of harmonics on leads and around the 
transmitter enclosure. Seal off the weak spots in 
the shielding and filter the leads until the wave-
meter shows no indication at any harmonic 
frequency. 

4) At this stage, check for interference with a 
TV receiver. If there is interference, determine 
the cause by the methods described previously 
and apply the recommended remedies until the 
interference disappears. 

5) When the transmitter is completely clean 
on the dummy a ntenna, connect it to the regular 
antenna and check for interference on the TV 
receiver. If t le iii terference is not bad, an antenna 
coupler or matching circuit installed as previously 
described should clear it up. Alternatively, a low-
pass filter may be used. If neither the antenna 
coupler nor filter makes any difference in the in 1 er-
ference, the evidence is strong that the inter-
ference, at least in part, is being caused by 
receiver overloading because of the strong funda-
mental-frequency field about the TV antenna 
and receiver. (See later section for identification 
of fundamental-frequency interference.) A cou-
pler and 'or filter, installed as described above, 
will invariably make a difference in the intensity 
of the interference if the interference is caused by 
transmitter harmonics alone. 

6) If there is still interference after installing 

Coax 
FILTER )11  

Antenna, 
Coupler 

Fig. 23-27—The proper method of installing a low-pass filter between 
the transmitter and antenna coupler or matching circuit. If the antenna 
is fed through coax the matching circuit may be omitted but the some 
construction should be used between the transmitter and filter. The filter 

should be thoroughly shielded. 

• SUMMARY 
The methods of harmonic elimination outlined 

in this chapter have been proved beyond doubt 
to be effective even under highly unfavorable 
conditions. It must be emphasized once more, 
however, that the problem must be solved one 
step at a time, and the procedure must be in 
logical order. It cannot be done properly without 
two items of simple equipment: a grid-dip meter 
and wavemeter covering the TV bands, and a 
dummy antenna. 
The proper procedure may be summarized as 

follows: 
1) Take a critical look at the transmitter on 

the coupler and/or filter, and the evidence shows 
that it is probably caused by a harmonic, more 
at is needed. A more elaborate filter 
may be necessary. however, it is well at this stage 
to assume that part of the interference may be 
caused by receiver overloading, and take steps to 
alleviate such a condition before trying highly-
elaborate filters, traps, etc., on the transmitter. 

• HARMONICS BY RECTIFICATION 
Even though the transmitter is completely 

free from harmonic output it is still possible for 
interference to occur because of harmonics gen-
erated outside the transmitter. These result from 
rectification of fundamental-frequency currents 
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induced in conductors in the vicinity of the 
transmitting antenna. Rectification ce take 
place at any point where two conductors are in 
poor electrical contact, a condition that fre-
quently exists in plumbing, downspouting, BX 
cables crossing each other, and numerous other 
places in the ordinary residence. It also can occur 
in any exposed vacuum tubes in the station, in 
power supplies, speech equipment, etc., that may 
not be enclosed in the shielding about the r.f. 
circuits. Poor joints anywhere in the antenna 
system are especially bad, and rectification also 
may take place in the contacts of antenna change-
over relays. Another common cause is overload-
ing the front end of the communications receiver 
when it is used with a separate antenna (which 
will radiate the harmonics generated in the first 
tube) for break-in. 

Rectification of this sort will not only cause 
harmonic interference but also is frequently re-
sponsible for cross-modulation effects. It can be 
detected in greater or less degree in most loca-
tions, but fortunately the harmonics thus gen-
erated are not usually of high amplitude. How-
ever, they can cause considerable interference in 
the immediate vicinity in fringe areas, especially 
when operation is in the 28-Mc. band. The 
amplitude decreases rapidly with the order of the 
harmonic, the second and third being the worst. 
It is ordinarily found that even in cases where 
destructive interference results from 28-Mc. oper-
ation the interference is comparatively mild from 
14 Mc., and is negligible at still lower frequencies. 
Nothing can be done at either the transmitter 

or receiver when rectification occurs. The remedy 
is to find the source and eliminate the poor con-
tact either by separating the conductors or 
bonding them together. A crystal wavemeter 
(tuned to the fundamental frequency) is useful 
for hunting the source, by showing which con-
ductors are carrying r.f. and, comparatively, 
how much. 

Interference of this kind is frequently inter-
mittent since the rectification efficiency will 
vary with vibration, the weather, and so on. The 
possibility of corroded contacts in the TV re-
ceiving antenna should not be overlooked, es-
pecially if it has been up a year or more. 

• TV RECEIVER DEFICIENCIES 
Front-End Overloading 

When a television receiver is quite close to the 
transmitter, the intense r.f. signal from the trans-
mitter's fundamental may overload one or more 
of the receiver circuits to produce spurious re-
sponses that cause interference. 

If the overload is moderate, the interference is 
of the same nature as harmonic interference; it is 
caused by harmonics generated in the early stages 
of the receiver and, since it occurs only on chan-
nels harmonically related to the transmitting 
frequency, is difficult to distinguish from har-
monies actually radiated by the transmitter. In 
such cases additional harmonic suppression at the 
transmitter will do no good, but any means taken 

at the receiver to reduce the strength of the 
amateur signal reaching the first tube will effect 
an improvement. With very severe overloading, 
interference also will occur on channels not 
harmonically related to the transmitting fre-
quency, so such cases are easily identified. 

Cross-Modulation 

Under some circumstances overloading will 
result in cross-modulation or mixing of the ama-
teur signal with that from a local Lm. or TV sta-
tion. For example, a 14-Mc. signal can mix with a 
92-Mc. f.m. station to produce a beat at 78 Mc. 
and cause interference in Channel 5, or with a 
TV station on Channel 5 to cause interference in 
Channel 3. Neither of the channels interfered 
with is in harmonic relationship to 14 Mc. Both 
signals have to be on the air for the interference 
to occur, and eliminating either at the TV re-
ceiver will eliminate the interference. 
There are many combinations of this type, 

depending on the band in use and the local f re-
quency assignments to Lin. and TV stations. l'he 
interfering frequency is equal to the amateur 
fundamental frequency either added to or sub-
tracted from the frequency of some local station, 
and when interference occurs in a TV channel 
that is not harmonically related to the amateur 
transmitting frequency the possibilities in such 
frequency combinations should be investigated. 

L F. Interference 

Some TV receivers do not have sufficient selec-
tivity to prevent strong signals in the intermedi-
ate-frequency range from forcing their way 
through the front end and getting into the if. 
amplifier. The once-standard intermediate fie-
quency of, roughly, 21 to 27 Mc., is subject to 
interference from the fundamental-frequency 
output of transmitters operating in the 21-Me. 
band. Transmitters on 28 Mc. sometimes will 
cause this type of interference as well. 
A form of if. interference peculiar to 50-Mc. 

operation near the low edge of the band oc-
curs with some receivers having the standard 
"41-Me." if., which has the sound carrier at 
41.25 Mc. and the picture carrier at 45.75 Mc. 
A 50-Mc, signal that forces its way into the i.f. 
system of the receiver will beat with the i.f, 
picture carrier to give a spurious signal on or 
near the i.f. sound carrier, even though the inter-
fering signal is not actually in the nominal pass-
band of the i.f. amplifier. 
There is a type of i.f. interference unique to the 

144-Mc, band in localities where certain uhf. 
TV channels are in operation, affecting only 
those TV receivers in which doulile-eonversion 
type plug-in u.h.f. tuning strips are used. The 
design of these strips involves a first intermediate 
frequency that varies with the TV channel to be 
received and, depending on the particular strip 
design, 1 his first if. may be in or close to the 
144-Me, amateur band. Since there is com-
paratively little selectivity in the TV signal-
frequency circuits ahead of the first i.f., a signal 
from a 144-Mc, transmitter will " ride into" the 
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if., even when the receiver is at a considerable 
distance from the transmitter. The channels that 
can be affeeted by this type of i.f. interferenre are: 

Receivers with 
21-Mc. 

second i.f. 

Channels 14-18, inc. 

Channels 41-48, inc. 

Channels 69-77, inc. 

Receivers with 
41-Mc. 

second i.f. 

Channels 20-25, inc. 

Channels 51-58, inc. 

Channels 82 and 83. 

If the receiver is not close to the transmitter, a 
trap of the type shown in Fig. 23-30 will be effec-
tive. However, if the separation is small the 
1 11-Mr, signal will be picked up directly on the 
receiver circuits : Ind the best solution is tit read-
just the strip oscillator so that the first i.f. is 
moved to a frequency not in the vicinity of the 
111-Me. band. This has to be done by a com-
petent technician. 

I.f. interference is easily identified since it oc-
curs on all channels although sometimes the 
ititensity vari()), from channel to channel — and 
the cross-hatch pattern it causes will rotate when 
the receiver's fine-tuning control is varied. 'hen 
the interference is caused by a harmonic, over-
loading, or cross modulation, the structure of the 
interference pattern does not change ( its intensity 
may change) as the fine-tuning control is varied. 

High-Pass Filters 

In all the above cases the interference cati be 
eliminated if the fundamental signal strength can 
be reduced to a level that the receiver can handle. 
To accomplish this with signals on bands below 
30 Mc., the most satisfactory device is a high-
p:tss filter having a cut-off frequency between 30 
and 51 Me., inst:l Iled at the tuner input terminals 
of the receiver. Circuits that have proved effec-
tive are shown itt Figs. 23-28 and 23-29. Fig. 
23-29 has one more section than the filters of 
Fig. 23-28 and as a consequence has somewhat 
better cut-off characteristics. All the circuits 
given are designed to have little or no effect on 

TO VI TER 
PIPE GROUND 

10mmf 

CHASSIS} 

EACH COIL R TURNS NO. 14. 

DIAMETER hi: LENGTH 1.. 
TAPPED AT CENTER. 

ANT TERMINALS 

ON TV RCvR. 

(A) 

ANT TERMINALS 

ON TO RCVR. 

EACH COIL 3 TURNS NO 14, 

DIAMETER ¼ R TuRNf., PER INCH (B) 

Fig. 23-28—High-pass filters for installation at the TV 
receiver antenna terminals. A—balanced filter for 300-
ohm line, B—for 75-ohm coaxial line. Important: Do not 

use a direct ground on the chassis of a transformerless 
receiver. Ground through a 0.001-µf. mica capacitor. 

the TV signals Ina will attenuate all signals 
lower in frequency than about •10 i le. These 
filters preferably sholl I be constr,tete I in some 
sort of shiel lii g c.),Itaitter. ill Ito tgIt .41tiel ling is 
not always necesnry. The ( lashed lines in Fig. 
23-2 I show how lit lividual tiller c dis can be 
shiel led from e tell other. liii c11t tcitors can be 
tubular ceramic units centert).1 in holes in the 
partitions that set itt nit e t Ike coils. 
Simple high-pass fillets cannot always be applied 

successfully in the case of 50-Mc. transmissions, 
because they do not have sufficiently-sharp cut-
off characteristics to give both good attenuation 
at 50-54 Mc. and no attenuation above 54 Mc. 
A more elaborate designs capable of giving the 
required sharp cut-off has been described ( Ladd, 
"50-Mc. TVI — Its Causes and Cures," QST, 
June and July, 1954). This article also contains 

c 

100-ONM 

LINE TO ANT 

C.20,40 

LC0 TURNS NO 30 ( SAM CLOSEwOUND,V DIA 

4.22 TURNS NO 30 ENAM CLOSEWOUND.D.T DIA. 

ANT TERMINALS 

ON TV RCVR. 

Fig. 23-29—Another type of high-pass filter for 300-
ohm line. The coils may be wound on 1/4 -inch diameter 
plastic knitting needles. Important: Do not use a direct 
ground on the chassis of a transformarless receiver. 

Ground through a 0.001-0. mica capacitor. 

other information useful in coping with the 
TVI problems peculiar to 50-Mc. operation. 
As an alternative to such a filter, a high-Q wave 
trap tuned to the transmitting frequency may 
be used, suffering only the disadvantage that it is 
quite selective and therefore will proteet a re-
ceiver from overloading over only a small range 
of transmitting frequencies in the 50-Mc. band. 
A trap of this type using quarter-wave sections 
of Twin-Lead is shown in Fig. 23-30. These 
"suck-out" traps, while absorbing energy at the 
frequency to which they are tuned, do riot affect 
the receiver operation otherwise. The assembly 
should be slid along the TV antenna lead-in until 
the most effeetive position is found, and then fas-
tened securely in place with Scotch Tape. An 
insulated tuning tool should be used for adjust-
ment of the trimmer capacitor, since it is at a 
"hot" point arel will show considerable body-ca-
pacitance effect. 
I ligh-pass filters are avail:11)1e commercially at 

moderate priees. In this conneetion, it should be 
understood by : 111 part it's concerned that while an 
amateur is rusponsible for harmonic radiation 
fronts his transiniitir, it is no part of his resixotsi-
bility to pay for or install filters, wave traps, etc). 
that may be required at the receiver to prevent 
interference caused by his. tultunentill frequency. 
The set owner should be advised to get itt touch 
with the organization from which he purchased 
the receiver or which services it, to make ar-
rangements for proper installation. Proper in-

56a 



23 - BCI AND TVI 

Parallel open ends 
and connect to one 
terminal of condenser. 
Some on other side. 

Put sections flat against 
300-ohm line from ant. 
ond tope in place. 

stallation usually requires that the filter be in-
stalled right at the input terminals of the r.f. 
tuner of the TV set and not merely at the external 
antenna terminals, which may be at a considera-
ble distance from the tuner. The question of cost 
is one to be settled between the set owner and the 
organization with which he deals. 
Some of the larger manufacturers of TV re-

ceivers have instituted arrangements for cooper-
ating with the set dealer in installing high-pass 
filters at no cost to the receiver owner. FCC-
sponsored TVI Committees, now operating in 
many cities, have all the information necessary 
for effectuating such arrangements. To find out 
whether such a committee is functioning in your 
community, write to the FCC field office having 
jurisdici lull over your location. A list of the field 
offices is contained in The Radio Amateur's 
License Manual, published by ARRL. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter such 
as that shown in Fig. 23-1 may help. To be most 
effective it should be installed inside the receiver 
chassis at the point where the cord enters, making 
the ground connections directly to chassis at this 
point. It may not be so helpful if placed between 
the line plug and the wall socket unless the r.f. is 
actually picked up on the house wiring rather 
than on the line cord itself. 

Antenna Installation 

Usually, the transmission line between the TV 
receiver and the actual TV antenna will pick up 
a great deal more energy from a nearby trans-
mitter than the television receiving antenna itself. 
The currents induced on the TV transmission line 
in t his vase are of the " parallel" type, where the 
phase of the current is the same in both con-
ductors. The line simply acts like two wires con-
nected together to operate as one. If the receiver's 
antenna input circuit were perfectly balanced it 
would reject these " parallel" or " unbalance" 
signals and respond only to the true transmission-
line (" push-Pull") currents; that is, only signals 
picked up on the actual antenna would cause a 
receiver resitotise. However, no rs•rei ver is Isgivet 
in this n•spu,l, : toil many TV reeeivers will re-
spond strongly to such parallel currents. The 
result is t hat the signals from a nearby amateur 
transmitter are much snore intense at the first 
stage in the TV receiver than they would be if 
the receiver response were confined entirely to 
energy picked up on the TV antenna alone. 
This situation can be improved by using shielded 
transmission line — coax or, in the balanced 

Short 
these ends 

Fig. 23-30—Absorption- type 
wave trap using sections of 300-
ohm line tuned to have an electri-
cal length of 1/4 wavelength at the 
transmitter frequency. Approxi-
mate physical lengths (dimension 
A) are 40 inches for 50 Mc. and 
11 inches for 144 Mc., allowing 
for the loading effect of the ca-
pacitance at the open end. Two 
traps are used in parallel, one on 
each side of the line to the receiver. 

form, " twinax" — for the receiving installation. 
For best results the line should terminate in a 
coax fitting on the receiver chassis, but if this is 
not possible the shield should be grounded to the 
chassis right at the antenna terminals. 
The use of shielded transmission line for the 

receiver also will be helpful in reducing response 
to harmonics actually being radiated from the 
transmitter or transmitting antenna. In most 
receiving installations the transmission line is 
very much longer than the antenna itself, and is 
consequently far more exposed to the harmonic 
fields from the transmitter. Much of the har-
monie pickup, therefore, is on the receiving 
transmission line when the transmitter and re-
ceiver are quite close together. Shielded line, 
plus relocation of either the transmitting or 
receiving antenna to take advantage of directive 
effects, often will result in reducing overloading, 
as well as harmonic pickup, to a level that does 
not interfere with reception. 

e U.H.F. TELEVISION 
Harmonic TVI in the u.h.f. TV band is far 

less troublesome than in the v.h.f. band. Har-
monics from transmitters operating below 30 
Mc. are of such high order that they would 
normally be expected to be quite weak; in addi-
tion, the components, circuit conditions and 
construction of low-frequency transmitters are 
such as to tend to prevent very strong harmonies 
from being generated in tisis region. However, 
tisis is not true of amateur v.h.f. transmitters, 
particularly those working its the 144-Mc. and 
higher bands. Here the problem is quite similar 
to that of the low v.h.f. TV band with respect 
to transmitters operating below 30 Mc. 
There is one highly favorable factor in u.h.f. 

TV that does not exist in the most of the v.h.f. 
TV band: If harmonies are radiated, it is possible 
to move the transmitter frequency sufficiently 
(within the amateur band being used) to avoid 
interfering with a Amusel that may be in use ill 
the locality. By rest nicting operation to a portion 
of the amateur band that will not result its 
harmonic interference, it is possible to avoid the 
necessity for taking extraordinary precautions to 
prevent harmonic radiation. 
The frequency assignment for u.h.f. television 

consists of seventy 6-megacycle channels (Nos. 
14 to 83, inclusive) beginning at 470 Mc. and 
ending at 890 Mc. The harmonics from amateur 
bands above 50 Mc. span the u.h.f. channels as 
shown its Table 23-I. Since the assignment plan 
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TV Receiver Radiation 

TABLE 23-I 

Harmonic Relationship—Amateur V.H.F. Bands and U.H.F. TV Channels 

C.H.F. TV 
Amateur Fundamental Channel 
Band Harmonic Freq. Range Affected 

144 Mc. 4th 144.0-144.5 31 
144.5-146.0 32 
146.0-147.5 33 
147.5-148.0 34 

5th 144.0-144.4 55 
144.4-145.6 56 
145.6-146.8 57 
146.8-148 58 

6th 144-144.33 79 
144.33-145.33 80 
145.33-147.33 81 
147.33-148 82 

(1.11.F. TV 
Amateur Fundamffltal Channel 
Band Harmonic Freq. Range Affected 

220 Mc. 3rd 220-220.67 45 
220.67-222.67 46 
222.67-224.67 47 
224.67-225 48 

4th 220-221 82 
221-222.5 83 

420 Mc 2nd 420-421 75 
421-424 76 
424-427 77 
427-430 78 
430-433 79 
433-436 80 
436-439 81 
439-442 82 
442-448 83 

calls for a minimum separation of six channels 
bet ween any t wo stations in one locality, t/iere is 
ample opport totity to choose a fundamental fre-
quency that will move a harmonic out of range 
of a local TV frequency. 

• COLOR TELEVISION 
The color TV signal includes a subcarrier 

spaced 3.58 megacycles from the regular picture 
carrier (or 4.83 Mc. from the low edge of the 
channel) for transmitting the color informa-
tion. Harmonics which fall in the color sub-
carrier region ran be expected to cause break-up 
of color in the received picture. This modifies the 
chart of Fig. 23-3 to introduce another " severe" 
region centering around 4.8 Mc. measured from 
the low-frequency edge of the channel. Hence 
with color television reception there is less oppor-
tunity to avoid harmonic interference by choice 
of operating frequency. In other respects the 
problem of eliminating interference is the same 
as with black-and-white television. 

• INTERFERENCE FROM TV RECEIVERS 
The TV picture tube is swept horizontally by 

the electron beam 15,750 times per second, using 
a wave shape that has very high harmonic con-
tent. The harmonics are of appreeial)le amplitude 
even at frequencies as high as 30 Me., and when 
radiated from the receiver can cause considerable 
interference to reeeption in the amateur bands. 
While measures to suppress radiation of this 
nature are required by FCC in currently manu-
factured receivers, many older sets have liad no 
such treatment. The interference takes the form 
of rather unstable, a.c.-modulated signals spaced 
at intervals of 15.75 kc. 

Studies have shown that the radiation takes 
place principally in three ways, in order of their 
importanee: ( I ) from the am. line, through stray 
coupling to the sweep circuits; (2) from the 
antemet system, through similar coupling; (3) 
direct ly from the picture tube and sweep-circuit 

wiring. Line radiation often can be reduced by 
bypassing the a.c. line cord to the chassis at 
the point of entry, although this is not com-
pletely effective in all cases since the coupling 
may take place outside the chassis beyond the 
point where the by passing is done. Radiation 
from the antenna is usually suppressed by install-
ing a high-pass filter on the receiver. The direct 
radiation requires shielding of high-potential 
leads and, in some receivers, additional by-
passing in the sweep circuit; in severe cases, it 
may be necessary to line the cabinet with screen-
ing or similar shielding material. 

Incidental radiation of this type from TV and 
broadcast receivers, when of sufficient intensity 
to eause serious interference to other radio serv-
ices (such as amateur), is covered by l'art 15 of 
the FCC rules. When such interference is caused, 
the user of the receiver is obligated to take steps 
to eliminate it. The owner of an offending receiver 
should be advised to contact the source from 
which the receiver was purchased for appropriate 
modification of the receiving installation. TV 
receiver dealers can obtain the necessary informa-
tion from the set manufacturer. 

It is usually possible to reduce interference 
very considerably, without modifying the TV 
receiver, simply by having a good amateur-band 
receiving installation. The principles are the same 
as those used in reducing " hash" and other 
noise — use a good antenna, such as the trans-
mitting antenna, for reception; install it as far 
as possible from a.c. circuits; use a good feeder 
system such as a properly balanced two-wire 
line or coax with the outer conductor grounded; 
use coax input to the receiver, with a matching 
circuit if necessary; and check the receiver to 
make sure that it does not pick up signals or 
noise with the antenna disconnected. These 
measures not only reduce interference from sweep 
radiation and a.c. line noise, but also build up 
the strength of the desired signal, so that the 
overall improvement in signal-to-interference 
ratio is very much worth-while. 
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CHAPTER 24 

Operating a Station 

The enjoyment of our hobby (unties mostly 
from the operatitar of our station once we have 
finished its construction. Upon the .tdotion and 
its operation depend the communication records 
that are made. The standing of individuals as 
amateurs and respect for the capabilities of the 
whole institution of amateur radio depend to a 
considerable extent on the practical ctommunitta-
t ions estaldished by amateurs, the aggregate of 
all our station efforts. 
An operator with a slow, steady, clean-cut 

method of sending has a big advantage over 
the poor operator. The technique of speaking in 
connected thoughts and phrases is equally im-
portant for the voice operator. Good sending is 
partly a matter of praetice Ind patience and 
judgment are just as important qualities of an 
operator as a good " fist." 

Operating knowledge embracing standard pro-
cedures, development of skill in employing e.w, 
to expand tht. station range and operating effec-
tiveness at minimum power levt•Is atol some net 
know-how are all essentials in achieving a trium-
phant amateur experience with top station rec-
ords, personal results, and demonstrations of 
what our stations can do in practieal communi-
cat ions. 

• OPERATING COURTESY AND 
TOLERANCE 

Normal operating interests in amateur radio 
vary considerably. Some prefer to rag-chew, 
others handle traffic, others work DX, others 
concentrate on working certain areas, countries 
or states and still others get on for an oecasional 
contact only to check a new transmitter or an-
tenna. 

Interference is one of the things we amateurs 
have to live with. However, we Vail COIIIIIICt our 
operating in a way designed . II .0 : 1—PV.:111. it as 
much as possible. Before mating the transmitter 
on the III,', listen On your own frequency. If you 
hear stations engaged in communication on that 

frequency, stand by until you are sure rot igter-
reverter. %yin Ire caused It.\ your operatic/11,, Or 
shift to another frequency. No amateur or any 
group of amateurs has any exclusive clai in to any 
frequeney in any band. We must work together, 
earl' respecting the rights of others. Itemernber, 
those other chaps can cause you as much inter-
ferenee as you cause thiqn, sometimes more! 

In this chapter we'll recount some fundamen-
tals of operating sureess. cover major proeedures 
for sureessFul general work and include proper 
forms to use in message handling and other 
fields. Note also the sections on speeial act i vit ies. 
awards and organization. These permit us all to 
develop through our organization more success 
together than we could ever attain by separate 
uncottrdinated efforts that overlook the precepts 
estahlishet I t hrtrugh operating experience. 

• C.W. PROCEDURE 
The best operators, both t lii we using voice and 

e.w., observe certain operating proeedures re-
garde(I as " standard pract ico." 

I) Culls. Calling stations may call efficiently 
by transmitting the call signal of the station 
called three times, the letters I)E, followed hy 
one's own station call sent three times. • Short 
calls with fret ment " breaks" to listen have 
proved to be the best metho(I.) Repeating the 
call of the station ealled four or five times and 
signing not more than two or three ti titis has 
proved excellent practice, thus: WORY NN*011Y 

WOBY WORY WOBY DE WIAW \\' l.\\' Alt. 
eQ. The general-intmiry call t( '( ) should be 

sent not more than five times without interspers-
ing mot's station identifiention. The length of 
repeated calls is carefully limiter I in intelligent 
amateur operating. t(7Q is not to be used when 
testing or when the sender is not expecting or 
looking for an Never send a CQ " blind." 
Always be sure to listen on the transmitting fre-
quency first.) 
The directional CQ: To reduce the number of 

useless answers and lessen QRM, every CQ call 
should be made informative when pos.sible. 

Examples: A United States station look in:: for 
any Hawaiian amateur KID; C'Q 
Kiln CQ K116 1W ‘1.11A W11.1 W11.1 K. A 
Westvrn Fotationi with tratlio for the 1..a,t Coast 
wIro•n l000kituo fur ir, isterrol000liare relay -luit jun 

EAsT ('Q EAsT (*Q EAST DE 
W.31(iW 11.511iw ‘V:iltiW K. A "ration with 
niessaize, for ioints in Ma..saeloi,i•tt , (*(1 
MASS 'Q MASS eg MASS I W W7C7.1" 
W7CZY W7CZY K 

Rains who do not raise stations readily may 
find that their sending is poor, their calls ill-timed 
or judgment in error. When conditions are right 
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C.W. Procedure 

to bring in signals from the desired locality, you 
can call them. Reasonably short calls, with ap-
propriate and brief breaks to listen, will raise 
stations with minimum time and trouble. 

2) Answering a Call: Call three times (or less); 
send DE; sign three times (or less); after contact 
is established decrease the use of the call signals 
of both stations to once or twice. When a station 
receives a call but does not receive the call letters 
of the station calling, QRZ? may be used. It 
means " By whom am I being called?" QRZ 
should not be used in place of CQ. 

3) Ending Signals and Sign-Off: The proper 

use of AR, K, KN, SK and CL ending signals is 
as follows: 

AR — End of transmission. Recommended 
after call to a specific station before contact has 
been established. 

Example: W6ABC W6ABC W6ABC W6ABC 

W6ABC DE W9LNIN W9LMN AR. Also at the 
end of transmission of a radiogram, immediately 
following the signature, preceding identification. 

K — Co ahead (any station). Recommended 
after CQ and at the end of each transmission 
(luring QS() when there is no objection to others 
breaking in. 

Example: CQ CQ CQ DE WIABC W1ABC 
K or W9XYZ DE W1ABC K. 

KN — Go ahead (specific station), all others 
keep out. Recommended at the end of each 
transmission during a QSO, or after a call, when 
calls from other stations are not desired and will 
not be answered. 

Example: W1FGII DE XU6GRL KN. 

SK — End of QSO. Recommended before 
signing last transmission at end of a QSO. 

Example: .... SK WSLNIN DE W5BCD. 

CL — I am closing station. Recommended 
when a station is going off the air, to indicate 
that it will not listen for any further calls. 

Example: .... SK W7IIIJ DE W2JKL CL 

4) Testing. When it is necessary for a station 
to make test signals they must not continue for 
more than 10 seconds and must be composed of a 
series of VVV followed by the call sign of the 
station emitting the test signals. Always listen 
first to find a clear spot if possible, to avoid 
causing unwarranted QRNI of a QSO in progress. 

5) Rerei piing for conversation or traffic: Never 
receipt for a transmission until it has been en-
tirely received. " R" means " transmission re-
ceived as sent." Use R only when all is received 
correetly. 

6) Repeats. When most of a transmission is 
lost, a call should be followed by correct abbre-
viations to ask for repeats. When a few words on 
the end of a transmission are lost, the last word 
received correctly is given after ?AA, meaning " all 
after." When a few words at the beginning of a 
transmission are lost, ?AB for " all before" a 
stated word should be used. The quickest way 
to ask for a fill in the middle of a transmission is 
to send the last word received correctly, a ques-

tion mark, then the next word received correctly. 
Another way is to send " MN [word] and [word]." 
Do not send words twice (QSZ) unless it is 

requested. Send single. Do not fall into the bad 
habit of sending double without a request from 
fellows you work. Don't say "QRM" or " QRN " 
when you mean "QRS." Don't CQ unless there 
is definite reason for so doing. When sending 
CQ, use judgment. 

General Practices 

When a station has receiving trouble, the oper-
ator asks the transmitting station to " QSV." 
The letter " R" is often used in place of a decimal 
point (e.g., " 3R5 Mc.") or the colon in time 
designation (e.g., "2R30 PM "). A long dash is 
sometimes sent for " zero." 
The law concerning superfluous signals should 

be noted. If you must test, disconnect the antenna 
system and use an equivalent " dummy" an-
tenna. Send your call frequently when operating. 
Pick a time for adjusting the station apparatus 
when few stations will be bothered. 
The up-to-date amateur station uses " break-

in." For best results send at a medium speed. 
Send evenly with proper spacing. The standard-
type telegraph key is best for all-round use. 
Regular daily practice periods, two or three 
periods a day, are best to acquire real familiarity 
and proficiency with code. 
No excuse can be made for " garbled" copy. 

Operators should copy what is sent and refuse to 
acknowledge a whole transmission until every 
word has been received correctly. Good operators 
do not guess. "Swing" in a fist is not the mark of 
a good operator. Unusual words are sent twice, 
the word repeated following the transmission of 
"?". If not sure, a good operator systematically 
asks for a fill or repeat. Sign your call frequently, 
interspersed with calls, and at the end of all 
transmissions. 

On Good Sending 

Assuming that an operator has learned sending 
properly, and comes up with a precision " fist" 
— not fast, but clean, steady, making well-
formed rhythmical characters and spacing beau-
tiful to listen to — he then becomes subject to 
outside pressures to his own possible detriment 
in everyday operating. He will want to " speed 
it up" because the operator at the other end is 
going faster, and so he begins, unconsciously, to 
run his words together or develops a "swing." 

Perhaps one of the easiest ways to get into 
bad habits is to do too much playing around 
with special keys. Too many operators spend 
only enough time with a straight key to acquire 
"passable" sending, then subject their newly-
developed " fists" to the entirely different move-
ments of bugs, side-swipers, electronic keys, or 
what-have-you. All too often, this results in the 
ruination of what may have become a very good 
"fist." 
Think about your sending a little. Are you 

satisfied with it? You should not be — ever. 
Nobody's sending is perfect, and therefore every 
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24- OPERATING A STATION 

operator should continually strive for improve-
ment. Do you ever run letters together — like Q 
for MA, or P for AN — especially when you are 
in a hurry? Practically everybody does at one 
time or another. Do you have a " swing"? Any 
recognizable " swing" is a deviation from per-
fection. Strive to send like tape sending; copy a 
W I1W Bulletin and try to send it with the same 
spacing using a local oscillator on a subsequent 
transmission. 
Check your spacing in characters, between 

characters and between words occasionally by 
making a recording of your fist on an inked tape 
recorder. This will show up your faults as noth-
ing else will. Practice the correction of faults. 

• USING A BREAK-IN SYSTEM 
Br('ak-in avoids unnevessarily long calls, pre-

vents QIIM, gives more count-tunic:It ion per hour 
of operating. Brief calls with frequent short 
pauses for reply can approach but not equal) 
break-in efficiency. 
A separate receiving antenna facilitates break-

in operation. It is only IIPCPSS:lry with break-in 
to pause just a moment with the key up or to 
cut the carrier momentarily and pause in a 
phone ( onversation) to listen for the other sta-
tion. The elick when the carrier is cut off is as 
effeet ive Ms the word " break." 

hicyraphy break-in is usually simple to 
arrange. 1Vith itleas and messages to 
be transmitted can be pulled right through the 
holes in the QUM. Snappy, effivient amateur 
work with break-in usually requires a separate 
receiving antenna and arrangement of the trans-
mitter and receiver to eliminate t necessity for 
throwing switches bet win t ransinissions. 

In calling, the transmitting operator sends the 
letters " 13K" at intervals during his call so that 
stations hearing the call may know that break-in 
is in use awl take tulvant age of the fact. He pauses 
al interval, during his ( all, to listen for a moment 
for a reply. If the station being called does not 
answer, the call ran le(' cont itint-d. 

With a tap of the key, the man on the receiv-
ing end can interrupt if a word is missed). The 
other operator is constantly monitoring, await-
ing just such directions. It is not necessary that 
you have perfect facilities to take advantage of 
break-in when the stat ions you work are break-in-
equippe.l. After any invitation to break is given 
land at c:H•li pause) press your key — and con-
tact call ,ststrt immediately. 

• VOICE OPERATING 
The use of proper procedure to get best results 

is just as important as in using code. In telegra-
phy words must be spelled out letter by letter. 
It is therefore but natural that abbreviations 
and shortcuts should have come into widesliread 
use. In voice work, however, al il  mm is are 
not necessary, and should have less importance 
in our operating procedure. 

Voice-Operating Hints 

1) Listen before calling. 
2) Make short calls with breaks to listen. Avoid 

long CQs; do not answer any. 
It Use push-to-talk or voiee control. Cive essen-

tial data concisely in first transmission. 
4/ Make reports honest. Use definitions of 

strength and readability for reference. Make your 
reports informative and tiseful. Ilonc,t reports 
and full word description of signals save amateur 
operators from FCC' trouble. 

5) Limit transmission length. Two minutes or 
less will convey mueli information. When three or 
more stations converse in round tables, brevity is 
essential. 

6) Display sportsmanship and courtesy. Bands 
are congested . . . make transmissions meaningful 
. . . give others a break. 

7) Check transmitter adjustment . . . avoid 
a.m. overmodulation and splatter. On s.s.b. cheek 
carrier balance carefully. Do not radiate when mov-
ing v.f.o, frequency checking ut. u, swing. [se 
receiver b.f.o, to check stability of signal. Complete 
testing before busy hours! 

The letter " K" has been agreed to in tele-
graphic practice so that the operator will not 
have to pound out the sett:irate let ters that spell 
the words " go ahead." The voice operator can 
say the words " go ahead" or " over," or " come 
in please." 
One laughs on c.w. by spelling out III. On 

phone use a laugh u hen one is railed for. Be nat-
ural as you would with your family and friends. 
The matter of reporting readability and strength 

is as important to phone operators as to those 
using code. With telegraph nomenclature, it is 
necessary to spell out WOE) Is to describe signals 
or use titi tru'vi:ttedsigitaI reports. But gill we 
have the ability to " say it with words. - " Read-
ability four, Strength eight is the best way to 
give a quantitative report. ' tenoning ean lae done 
so much more meaningfully Wit h ordinary minis: 
" You are weak but you are in t la. elear and I ¿'ait 
understand you, so go ahead, - )( toll. signal 
is strong but you are bullied under loval inter-
ference." Why not say it with words? 

Voice Equivalents to Code Procedure 

Voice 
Gu ahead; over 

Wait; stand by 
Received 

Code 

AS 
11 

Men/di/1g 
Self-explanatory 

Self-explanatory 
Receipt for a cor-
rectly- transcribed 
message or for 
"solid" transmis.sion 
with nu missing por-
tions 

Phone-Operating Practice 

Efficient voice communication, like good c.w. 
communication, demands good operating. Ad-
herence to certain points " on getting results" 
will go a long way toward improving our phone-
band operating conditions. 

Use push-to-talk technique. Where possible ar-
range on-off switches, controls or voice-controlled 
break-in for fast back-and-forth exchanges that 
emulate the practicality of the wire telephone. 
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Voice Operating 

This will help reduce the length of transmissions 
and keep brother amat cum from calling you a 
"monologuist" — a guy who likes to hear him-
self talk! 

Listen with care. Keep noise and " back-
grounds" out of your operating room to facilitate 
good listening. It is natural to answer the strong-
est signal, but take time to listen and give some 
consideration to the best signals, reganlless of 
strength. Every amateur cannot run a kilowatt, 
but there is no reason why every amateur cannot 
have a signal Id good quality, awl utilize uniform 
operating practices to au l in the tualerstanda-
bility and (use of his own communications. 

Interpose your call regularly ami at frequent 
intervals. Three short calls are better than one 
long ma,. In calling C'Q, one's call should certainly 
appear at hast once for every five or six CQs. 
Calls with frequent breaks to listen will save 
t ime and be Tua st productive of results. In hlen-
t ifying, always transmit your own call last. Don't 
say " This is WI ABC standing by for W2DEF"; 
say " W2ll El', this is W ABC, over." FCC regu-
lations show the call of the transmitting station 
sent last. 

Include con Wry prefix before call. It is not cor-
rect to say " ttliltX, this is IBDI." Correct and 
legal use is " W9IlltX, this is WI BDI." FCC 
regulations require proper use of calls; stations 
have been cited for failure to comply with this 
requiremeid. 

Monitor your Olen frequency. This helps in tim-
ing calls and transmissions. Transmit when there 
is a chance of being copied successfully — not 
when you are merely " more QRM." Timing 
transtnissions is an art to cultivate. 
Keep modulation constant. By turning the gain 

"wide open" you are subjecting anyone listening 
to t in diverslim of whatever latises are present in 
or near yt air operating room, to say nothing of 
the possiltility of feedback, echo due to poor 
acoustics, and modulation excesses due to sudden 
loud noises. Speak near the microphone, and 
don't let your gaze wander all over the station 
causing sharply-varying input to your speech 
amplifier; at the same time, keep far enough from 
the microphone so your signal is not modulated 
by your breathing. Change distance or gain only 
as necessary to insure uniform transmitter per-
formance without overmodulation, splatter or 
distortion. 
Make connected thoughts and phrases. Don't mix 

disconnected subjects. Ask questions consistently. 
Pause and get answers. 
Have a pad of paper handy. It is convenient 

and desirable to jot down questions as they come 
in the course of discussion in order not to miss 
any. It will help you to make intelligent to-the-
point replies. 

Steer clear of inanities and soap-opera stuff. Our 
amateur radio and also our personal reputation 
as serious communications workets depend on us. 
Avoid repetition. Don't repeat back what the 

other fellow has just said. Too often we hear a 
conversation like this: " Okay on your new an-
tenna there, okay on the trouble you're having 

with your receiver, okay on the company who 
just came in with some ice cream, okay . . . 
tetc.I." Just say you received everything O.K. 
Don't try to prove it. 

Use phonetics only as required. When clarifying 
genuinely doubt ful expressions and in getting 
your call identified positively we suggest use of 
the ARRL Phonetic List. Limit such use to 
really-necessary clarification. 
The speed of radiotelephone transmission (with 

perfect accuracy) depends almost entirely upon 
the skill of the two operators involved. One must 
learn to speak at a rate allowing perfect under-
standing as well as permitting the receiving 
operator to copy down the message text, if that 
is necessary. Because of the similarity of many 
English speech sounds, the use of alphabetical 
word lists has been found necessary. All voice-
operated stations should use a standard list as 
needed to identify call signals or unfamiliar 
ex !irisions. 

ARRL Word List for Radiotelephony 
M I\ NI 
B.\ KEB 
CHARLIE 
DAVID 
EDWARD 
FRANK 
GEORGE 
HENRY 
IDA 

JOHN 
KING 
LEW I ,z 
MARY 
NANCY 
OTTO 
l'ETER 
QUEEN 
ROBERT 

SUSAN 
THOMAS 
UNION 
VICTOR 
WILLIAM 
X-RAY 
YOUNG 
ZEBRA 

Example: WIAW W 1 ADAM WILLIAM ... WIAW 

Round Tables. The round table has many ad-
vantages if run properly. It clears frequencies of 
interference, especially if all stations involved 
are on the same frequency, while the enjoyment 
value remains the same, if not greater. By use of 
push-to-talk, the conversation can be kept lively 
and interesting, giving each station operator 
ample opportunity to participate without wait-
ing overlong for his turn. 
Round tables can become very unpopular if 

they are not conducted properly. The monologu-
ist, off on a long spiel about nothing in particular, 
cannot be interrupted; make your transmissions 
short and to the point. " Butting in" is discourteous 
and unsportsmanlike; don't enter a round table, or 
any contact between two other amateurs, unless you 
are invited. It is bad enough trying to copy 
through prevailing interference without the added 
difficulty of poor voice quality; check your trans-
mitter adjustments frequently. In general, follow 
the precepts as hereinbefore outlined for the 
most enjoyment in round tables as well as any 
other form of radiotelephone communication. 

• WORKING DX 
Most amateurs at one time or another make 

"working DX" a major aim. As in every other 
phase of amateur work, there are right and wrong 
ways to go about getting best results in working 
foreign stations, and it is the intention of this 
section to outline a few of them. 
The ham who has trouble raising DX stations 
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24- OPERATING A STATION 

readily may find that poor transmitter efficiency 
is not the reason. Ile may find that his sending 
is poor, or his calls ill-timed, or his judgment in 
error. When conditions are right to bring in the 
DX, and the receiver sensitive enough to bring 
in several stations from the dg.sin.d locality, the 
way to work DX is to use the appropriate fre-
quency and timing and call these stations, as 
against the common practice of calling " CQ 
DX." 
The call CQ DX means slightly different things 

to amateurs in different bands: 
a) On v.h.f., CQ DX is a general call ordi-

narily used only when the band is open, under 
favorable " skip" conditions. For v.h.f. work 
such a call is used for looking for new states and 
countries, also for distances beyond the custom-
ary " line-of-sight" range on most v.h.f. bands. 

b) CQ DX on our 7-, 14-, 21- and 28-Me, bands 
may he taken to mean " General call to any for-
eign station." The term " foreign station" usually 
refers to any station in a foreign continent. (Ex-
perienced amateurs in the U. S. A. and Canada 
do not use this call, but answer such calls made 
by foreign stations.) 

DX OPERATING CODE 

(For W/VE Amateurs) 

Some amateurs interested in DX work have 
caused eonsiderable confusion and QUM in their 
efforts to work DX stations. The tioints below, if 
observed by all W/VE amateurs, will go a long way 
toward making DX more enjoyable for everybody. 

1. Call DX only after he calls CQ, QRZ?, signs 

SR, or phone equivalents thereof. 

2. Do not call a DX station: 
a. On the frequency of the station he is work-

ing until you are o nee the Q$0 is over. This 

is indicated by the ending signal SK on 
e.w. and any indication that the operator 
is listening, on phone. 

b. Because you hear someone else calling him. 
c. When he signs WS, AR, CL, or 'phone 

equivalents. 
d. Exactly on his frequency. 
c. After he calls a directional CQ, unless of 

course you are in the right direction or area. 

3. Keep within freitueney-band limits. Some DX 
stations operate outside. Perhaps they can get 
away with it. but you cannot. 

4. Observe calling instructions of DX stations. 
" IOU " means call ten lie. up from his frequency, 
151)" means 15 kc. down, etc. 

5. ( Tice honest reports. Many foreign stations 
de ;wild on W and VE reports for adjustment of 
station and equipment. 

6. Keep your signal clean. Key clicks, chirps, 
hum or splatter give you a bad reputation and may 
get you a citation from FCC. 

7. List,.a, for and call station you want. Calling 
CQ DX is not the best assurance that the rare DX 
will reply. 

8. When there are several W or Vl' .. stations wait-
ing to work a DX station, fivoid asking hint to 
"listen for a friend." Let your friend take his 
chances with the rest. Also avoid engaging DX sta-
tions in rag-chews against their wishes. 

c) CQ DX used on 3.5 I. under winter-night 
conditions may be used in this same manner. At 
other times, under average 3.5-Mc, propagation 
conditions, the call may be used in domestic 
work when looking for new states or countries in 
one's own continent, usually applying to stations 
located over 1000 miles distant from you. 
The way to work DX is not to use a CQ call 

at all (in our continent). Instead, use your best 
tuning skill — and listen — and listen — and 
listen. You have to hear them before you can work 
them. Hear the desired stations first: time your 
calls well. Use your utmost skill. A sensitive re-
ceiver is often more important than the power 
input in working foreign stations. If you can hear 
stations in a particular country or area, ehanees 
are that you will be able to work someone there. 

__ DO Á tor OF smoorst4c.,* 

One of the most effective ways to work DX is 
to know the operating habits of the DX stations 
sought. Doing too much transmitting on the DX 
bands is not the way to do this. Again, listening 
is effective. Once you know the operating habits 
of the DX station you are after you will know 
when and where to call, and when to remain 
silent waiting your chance. 
Some DX stations indicate where they will 

tune for replies by use of " 10U" or " 151)." (See 
point 4 of the DX Operating Code.) In voice 
work the overseas operator may say " listening 
on 11,225 ke." or " tuning upward front 28,500 
ke." Many a DX station will not reply to a call 
on his exact frequeney. 

AltItl. has rectunmended some opetuting pro-
cedures to DX stations aimed at vontrolling 
some of the thoughtless operating practices 
sometimes used by W/VE amateurs. A copy of 
these recommendations ( Operating Aid No. 5) 
can be obtained free of charge front AIM, Head-
quarters. 

In any band, particularly at line-of-sight fre-
quencies, when directional antennas are used, 
the directional CQ such as CQ W5, CQ north, 
etc., is the preferable type of call. Mature ama-
teurs agree that CQ DX is a wishful rather than 
a practical type of call for most stations in the 
North Americas looking for foreign contacts. 
Ordinarily, it is a cause of unnecessary Q101. 

Conditions in the transmission medium make 
all field strengths from a given region more 
nearly equal at a distance, irrespective of power 
used. ln general, the higher the fret itiency band, 
the less important power considerations become. 
This :i,',' titd s iii part for t w rulal ve popularity 
ofthe 1 1-, 21- and 28-Mc. banlle among amateurs 
who like to work DX. 
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OTNEFI DATA 

KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TBIES! F.C.C. REQUIRES IT. 

A page from the official ARRL log is shown above answering every Government requirement in respect to station records. 
Bound logs made up in accord with the above form can be obtained from Headquarters for a nominal sum or you can 
prepare your own, in which case we offer this form as a suggestion. The ARRL log has a special wire binding and lies 

perfectly flat on the table. 

• KEEPING AN AMATEUR 
STATION LOG 

The FCC requires every amateur to keep a 
complete station operating record. It may also 
contain records of experimental tests and adjust-
ment data. A stenographer's notebook can be 
ruled with vertical lines in any form to suit the 
user. The Federal Communications Commission 
requirements are that a log be maintained that 
shows t 11 the date and time of each transmission, 
12) all calls and transmissions made whether 
two-way contacts resulted or not), (3) the input 

power to the last stage of the transmitter, (4) 
the frequency band used, ( 5) the time of ending 
each ()SO aml the operator's identifying signa-
ture for responsibility for each session of operat-
ing. Messages may be written in the log or sepa-
rate reeords kept — hut record m st he retained 
for one year as required by the FCC. For the 
convenience of amateur station operators ARM. 
stocks both logbooks and message blanks, aunt if 
one uses the official heg he is sure to comply fully 
with the Government requirements if the pre-
cautions and suggestions included in the log are 
followed. 

Message Handling 
Amateur operators in the United States and 

a few other countries enjoy a privilege not avail-
able to amateurs in most countries — that of 
handling third-party message traffic. In the early 
history of amateur radio in this country, some 
amateurs who were among the first to take ad-
vantage of this privilege formed an extensive 
relay organization which became known as the 
American Radio Itel.ty League. 
Thus, amateur message-handling has had a 

long and honor: ble• history anti, like most serv-
ices, has gone through many periods of develop-
ment and change. Those amateurs who handled 
traffic in 1914 would hardly recognize it the way 
some of us do it today, just as equipment in 
those days was far different from that in use 
now. Progress has been made and new methods 
have been ele.veloped in step with advancement 
in eommunication techniques of all kinds. Ama-
teurs who handled a lot of traffic found that or-
ganized operating schedules were more effective 
than random relays, and as techniques ad-
vanced and messages increased in number. trunk 
lines were organized, spot frequencies began to 
be used, and there sprang into existence a num-
ber of traffic nets in which many stations oper-
ated on the same frequency to effect wider cov-

erage in less time with fewer relays; but the old 
methoels are still available to the amateur who 
handles only an occasional message. 

Although message handling is as old an art as 
is amateur radio itself, there are many amateurs 
who do not know how to handle a message and 
have never done so. As each amateur grows 
older and gains experience in the amateur serv-
ice, there is bound to come a time when he will 
be called upon to handle a written message, 
during a communications emergency, in casual 
contact with one of his many acquaintances on 
the air, or as a result of a request from a non-
amateur friend. Regardless of the occasion, if it 
comes to you, you will want to rise to it! Con-
siderable embarrassment is likely to be experi-
enced by the amateur who finds he not only does 
not know the form in which the message should 
be prepared, but does not know what to do with 
the message once it has been filed or received in 
his station. 

Traffic work need not be a complicated or 
time-consuming activity for the casual or occa-
sional message-handler. Amateurs may partici-
pate in traffic work to whatever extent they wish, 
from an occasional message now and then to 
becoming a part of organized traffic systems. 
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This chapter explains some principles so the 
reader may know where to find out more about 
the subject and may exercise the message-han-
dling privilege to he›t effect as the spirit and 
opportunity arise. 

Responsibility 

Amateurs who originate messages for trans-
mission or who receive messages for relay or 
delivery should first consider that in doing so 
they are accepting the responsibility of clearing 
the message from their station on its way to its 
destination in the shortest possible time. Forty-
eight hours after filing or receipt is the generally-
accepted rule among traffic-handling amateurs, 
but it is obvious that if every amateur who 
relayed the message allowed it to remain in his 
station this long it might be a long time reaching 
its destination. Traffic should be relayed or de-
livered as quickly as possible. 

Message Form 

Once this responsibility is realized and ac-
cepted, handling the message becomes a matter 
of following generally-accepted standards of 
form and transmission. For this purpose, each 
message is divided into four parts: the preamble, 
the address, the text and the signature. Some of 
these parts themselves are subdivided. It is nec-
essary in preparing the message for transmission 
and in actually transmitting it to know not only 
what cads part is and what it is for, but to know 
in what order it should be transmitted, and to 
know the various procedure signals used with it 
when sent by c.w. If you are going' to send a 
message, you may as well send it right. 

Standardization is important! There is a great 
deal of room for expressing originality and indi-
viduality in amateur radio, but there are also 
times and places where such expression can only 
cause confusion and inefficiency. Recognizing 
the need for standardization in message form 
and message transmitting procedures, AltItL 
has long since recommended such standards, and 
most traffic-interested amateurs have followed 
them. In general, these recommendations, and 
the various changes they have undergone from 
year to year, have been at the request of ama-
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Here is an example of a plain-language message in 
correct ARRL form. The preamble is always sent as shown: 
number, station of origin, check, place of origin, time 

filed, date. 

teurs participating in this activity, and they are 
completely outlined and explained in Operating 
an Amateur Radio. Station, a copy of which is 
available upon request or by use of the coupon 
at the end of this chapter. 

Clearing a Message 

Amateurs not experienced in message handling 
should depend on the experienced message-
handler to get a message through, if it is impor-
tant; but the average amateur can enjoy operat-
ing with a message to be handled either through 
a local traffic net or by free-lancing. The latter 
may be accomplished by careful listening for an 
amateur station at desired points. directional 
CQs, use of the National Calling and Emergency 
frequencies, or by snaking and keeping a sel ii ile 
with another amateur for regular work bet ween 
specified points. He may well aim at learning and 
enjoying through doing. The joy and accomplish-
ment in thus developing one's operating skill to 
top perfection has a reward all its own. 
The best way to clear a message is to put it 

into one of the many organized traffic networks, 
or to give it to a station who can do so. There 
are many amateurs who make the handling of 
traffic their principal operating activity, and 
many more still who participate in this activity 
to a greater or lesser extent. The result is a sys-
tem of traffic nets which spreads to all corners of 
the United States and covers most U. S. posses-
sions and Canada. Once a message gets into one 
of these nets, regardless of the net's size or cov-
erage, it is systematically routed toward its des-
tination in the shortest possilde time. 

If you decide to " take the bull by the horns" 
and put the message into a traffic net yourself 
(and more power to you if you did', you will 
need to know something about how traffic nets 
operate, and the special Q signals and procedure 
they use to dispatch all traffic with a maximum 
of efficiency. Reference to net lists in QS7' (usu-
ally in the November and January issues) will 
give you the frequency and operating time of the 
net in your section, or of other nets into which 
your message can go. Listening for a few minutes 
at the time and frequency indicated should ac-
quaint you with enough fundamentals to enable 
you to report into the net and indicate your 
traffic. From that time on you follow the instruc-
tions of the net control station, who will tell you 
when and to whom and on what frequency, if 
different from the net frequency) to send your 
message. Since most nets use the special " QN" 
signals, it is usually very helpful to have a list 
of these before you list available from ARRL 
Hq., Operating Aid No. 9). 

Network Operation 

About this time, you may find that you are 
enjoying this type of operating activity and want 
to know more about it and increase your pro-
ficiency. Many amateurs are happily " addicted" 
to traffic handling after only one or two brief 
exposures to it. Much traffic is at present being 
conducted by c.w., since this mode of corn-
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munication seems to be popular for record pur-
poses — but this does not mean that high code 
speed is a necessary prerequisite to working in 
traffic networks. There are many nets organized 
specifically for the slow-speed amateur, and most 
of the so-called " fast" nets are usually glad to 
slow down to accommodate slower operat ors, es-
pecially those nets at state or section level. 
The significant facet of net operation, how-

ever, is that code speed alone does not make for 
efficiency — sometimes quite the contrary! A 
high-speed operator who does not know net pro-
cedure can " foul up" a net much more com-
pletely and more quickly than can a slcw opera-
tor. It is a proven fact that a bunch of high-speed 
operators who are not " savvy" in net operation 
cannot accomplish as much during a specified 
period as an equal number of slow operators who 
know net procedure. Don't let low code speed 
deter you from getting into traffic work. Given 
a little time, your speed will reach the point 
where you can compete with the best of them. 
Coneentrate first on learning net procedure, for 
most traffic nowadays is handled on nets. 

\Intl traffic is also handled on phone. This 
mode is exceptionally well suited to short-range 
traffic work and requires knowledge of phonetics 
and procedure peculiar to voice operation. Pro-
cedure is of paramount importance on phone, 
since the public may be listening. The major 
problem, of course, is QRNI. 
Teamwork is the t heme of net operation. The 

net which functions most efficiently is the net 
in which all participants are thoroughly familiar 
with the procedure us,41, and in which operators 
refrain from transmit t ing except at the direction 
of the net control st ii ion, and do not occupy time 
with extraneous comments, even the exchange 
of pleasantries. There is a time and place for 
everything. When a net is in session it should 
concentrate on handling traffic until all traffic is 
cleared. Before or after the net is the time for 
rag-chewing and discussion. Some details of net 
operation are included in Operating an Amateur 
Radin Station, mentioned earlier, but the whole 
story cannot be told. There is no substitute for 
actual participation. 

The National Traffic System 

To facilitate and speed the movement of mes-
sage traffic, there is in existence an integrated 
national system by means of which originated 
traffic will normally reach its destination area 
the same day the message is originated. This sys-
tem uses the local section net as a basis. Each 
sect ! let sends a representative to a " regional" 
net n‘ irmally covering a call area) and each 
"regional" net sends a representative to an 
"area" net (normally covering a time zone). 
After the area net has cleared all its traffic, its 
members then go back to their respective re-
gional nets, where they clear traffic to the various 
section net representatives. By means of con-
necting schedules between the area nets, traffic 
can flow both ways so that traffic originated on 
the \Vest Coast reaches the East Coast with a 
maximum of dispatch, and vice versa. In general 
local section nets function at 1900, regional nets 
at 1945, area nets at 2030 and the same or 
different regional personnel again at 2130. Some 
section nets conduct a late session at 2200 to 
effect traffic delivery the same night. Local 
standard time is referred to in each case. 
The NTS plan somewhat spreads traffic oppor-

tunity so that casual traffic may be reported into 
nets for efficient handling one or two nights per 
week, early or late; or the ardent traffic man can 
operate in both early and late groups and in 
between to roll up impressive totals and speed 
traffic reliably to its destination. Old-time traffic 
men who prefer a high degree of organization 
and teamwork have returned to the traffic game 
as a result of the new system. Beginners have 
shown more interest in becoming part of a sys-
tem nationwide in scope, in which anyone can 
participate. The National Traffic System has 
vast and intriguing possibilities as an amateur 
service. It is open to any amateur who wishes to 
part icipate. 
The above is but the briefest résumé of what 

is of necessity a rather complicated arrangement 
of nets and schedules. Complete details of the 
System and its operation are available to anyone 
interested. Just drop a line to ARRL Head-
quarters. 

Emergency Communication 
One of the most important ways in which the 

amateur serves the public, thus making his ex-
istence a national asset, is by his preparation for 
and his participation in communications emer-
gencies. Every amateur, regardless of the extent 
of his normal operating activities, should give 
some thought to the possibility of his being the 
only means of communication should his com-
munity be cut off from the outside world. It has 
happened many times, often in the most unlikely 
places; it has happened without warning, finding 
some amateurs totally unprepared; it can happen 
to you. Are you ready? 
There are two principal ways in which any 

amateur can prepare himself for such an even-
tuality. One is to provide himself with equip-

ment capable of operating on any type of emer-
gency power (i.e., either a.c. or d.c.), and equip-
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ment which can readily be transported to the 
scene of disaster. Mobile equipment is especially 
desirable in most emergency situations. 

Such equipment, regardless of how elaborate 
or how modern, is of little use, however, if it 
is not used properly and at the right times; 
and so another way for an amateur to prepare 
himself for emergencies, by no means less im-
portant than the first, is to learn to operate effi-
ciently. There are many amateurs who feel that 
they know how to operate efficiently but who find 
themselves considerably handicapped at the 
crucial time by not knowing proper procedure, 
by being tillai de, due to years of casual amateur 
operation, to adapt themselves to snappy, ab-
breviated transmissions, atill by being unfamiliar 
with message form and routing iiriicedures. It is 
dangerous to overrate your ability in this respect; 
it is far bet ter to assume that you have much to 
learn. 

In general it can be said that there is more 
emergency equipment available than there are 
operators who know properly how to operate 
during emergency cimditions, for such condi-
tions require clipped, terse proceilure with com-
plete break-in on c.w, and fast, push-to-talk on 
phone. The casual rag-chewing aspect of ama-
teur radio, however enjoyable and worth-while 
in its place, must be forgotten at such times in 
favor of the business at hand. There is only one 
way to gain experience in this type of operation, 
and that is by practicing it. During an emergency 
is no time for practice; it, should be done before-
hand, as often as possible, on a regular basis. 
This leads up to the necessity for emergency 

organization and preparedness. ARRL has long 
recognize il this necessity and has pr i wide(' for it. 
The Serti n Communications Manager ( whose 

address appears on page 6 of every issue of 
QST) is empowered to appoint certain qualified 
amateurs in his section for the purpose of co-
ordinating emergency communication organiza-
tion and preparedness in specified areas or com-
munities. This appointee is known as an Emer-
gency Coordinator for the city or town. One is 
specified for eaeh community; For coordination 
and promotion at section leVid a Section Emer-
gency Coordinator arranges for and recom-
mends the appointments of various Emergency 
Coordinators at activity points throughout the 
section. Emergency C'oordinators organize ama-
teurs in their communities according to local 
needs for emergency communication facilities. 
The community amateurs taking part in the 

local organization are members of the Amateur 
Radio Emergency Corps ( AREC). All amateurs 
are invited to register in t he Alt EC, whet her they 
are able to play an active part in their local or-
ganization or only a siqiporting rob Applica-
tion blanks are avail:tide from your EC, SEC, 
SCM or direct from ARRL Headquarters. In 
the event, that inquiry reveals no Emergency 
Coordinator appointed for your community, 
your SCM would weleome a recommendation 
either from yourself or from a radio chili of 
which you are a member. Ity ' lidding an amateur 
operator license, you have t II, responsibility both 
to your community and to amateur radio to up-
hold the traditions of the service. 
Among the League's publieations is a booklet 

cut it led Emergency Communiemi,mx. This book-
let, while small in size, eontains a wealth of in-
formation on AREC organization and functions 
and is invaluable to any amateur participating 
in emergency or civil defense work. It is free to 
AREC mem.bers anti should be in every ama-

Before Emergency 

PREPARE yourself by providing a transmitter-receiver setup together with an emergency power source upon 
which you can depend. 
TEST both the dependability of your emergency equipment and your own operating ability in the annual ARRL 

Simulated Emergency Test and the several annual on-the-air contests, especially Field Day. 
REGISTER your facilities and your availability with your local ARRL Emergency Coordinator. If your com-

munity has no EC, contact your local civic and relief agencies and explain to them what the Amateur Service offers 
the community in tinte of disaster. 

In Emergency 

LISTEN before you transmit. Never violate titis principle. 
REPORT at once to your Emergency Coordinator so that he will have up-to-tile-minute data on the facilities 

available to him. Work with local civic and relief agencies as the EC suggests, offer these agencies your services 
directly in the absence of an EC. 
RESTRICT all on-the-air work in accordance with FCC regulations, Sec. 12.1511, whenever FCC " declares" a 

state of co llllll unieations emergency. 
QRI111 is the official ARRL " land SOS," a distress call for emergency only. It is for use only by a station seek-

ing assistance. 
I tF.SPECT the fact that the success of the amateur effort in emergency depends largely on circuit discipline. The 

dished Net Control Station should be the supreme authority for priority and traffic routing. 
COOPERATE with those we serve. Be ready to help, but stay off the air unless there is a specific job to be done 

t hat you can handle more efficiently titan any other station. 
COPY all bulletins front W1AW. During tinte of emergency special bulletins will keep you posted on the latest 

developments. 

After Emergency 

REPORT to ARRL Headquarters as soon as possible and *US fully as possible so that the Amateur Service can 
receive full credit. Amateur Radio has won glowing public tribute in many major disasters since 1919. Maintain titis 
record. 
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teur's la el:. Drop a line to the ARRL Communi-
cations Department if you want a copy, or use 
the coupon at the end of this chapter. 

The Radio Amateur Civil 
Emergency Service 

In order to be prepared for any eventuality, 
FCC and the Office of Civil and Defense Mobi-
lization (OCDM), in collaboration with ARRL, 
have promulgated the Radio Amateur Civil 
Emergency Service. RACES is a temporary ama-
teur service, intended primarily to serve civil 
defense and to continue operation during any 
extreme national emergency, such as war. It 
shares certain segments of frequencies with the 
regular Amateur Service on a nonexclusive basis. 
Its regulations have been made a sub-part of the 
familiar amateur regulations; that is, the origi-
nal regulations have become sub-part A, the 
RACES regulations being added as sub-part B. 
Copies of both parts are included in the latest 
edition of the ARRL License Manual. 

If every amateur participated, we would still 
be far short of the total operating personnel 
required properly to implement RACES. As 
the service which bears the responsibility for the 
successful implementation of this important func-
tion, we face not only the task of installing (and 
in some cases building) the necessary equipment, 
but also of the training of thousands of addi-
tional people. This can and should be a function 

of the local unit of the Amateur Radio Emer-
gency Corps under its EC and his assistants, 
working in close collaboration with the local 
civil defense organization. 
The first step in organizing RACES locally is 

the appointment of a Radio Officer by the local 
civil defense director, possibly on the recom-
mendation of his communications officer. A com-
plete and detailed communications plan must 
be approved successively by local, state and 
ocini regional directors, by the OCDM Na-
tional office, and by FCC. Once this has been ac-
complished, applications for station authoriza-
tions under this plan can be submitted direct to 
FCC. QS7' will carry further information from 
time to time, and . IOU, will keep its field officials 
fully informed by bulletins as the situation re-
quires. A complete bibliography of Q.tiT articles 
dealing with the subject of civil defense and 
RACES is available upon request from the 
ARRL Communications Department. 

In the event of war, civil defense will place 
great reliance on RACES for radio communica-
tions. RACES is an Amateur Service. Its im-
plementation is logically a function of the Ama-
teur Radio Emergency Corps — an additional 
function in peacetime, but probably an exclusive 
function in wartime. Therefore, your best oppor-
tunity to be of service will be to register with 
your local EC, and to participate actively in the 
local AREC/RACES program. 

ARRL Operating Organization 
Amateur operation must have point and con-

structive purpose to win public respect. Each 
individual amateur is the ambassador of the 
entire fraternity in his public relations and 
attitude toward his hobby. ARRL field organi-
zation adds point and purpose to amateur oper-
ating. 
The Communications Department of the 

League is concerned with the practical opera-
tion of stations in all branches of amateur ac-
tivity. Appointments or awards are available 
for rag-chewer, traffic enthusiast, phone operator, 
DX man and experimenter. 
There are seventy-three ARRL Sections in the 

League's field organization, which embraces the 
United States, Canada and certain other terri-
tory. Operating affairs in each Section are super-
vised by a Section Communications Manager 
elected by members in that section for a two-
year term of office. Organization appointments 
are made by the section managers, elected as 
provided in the Rules and Regulations of the 
Communications Department, which accompany 
the League's By-Laws and Articles of Association. 
Section Communications Managers' addresses for 
all sections are given in full in each issue 
of QST. SCMs welcome monthly activity re-
ports from all amateur stations in their jurisdic-
tion. 

Whether your activity embraces phone or 
telegraphy, or both, there is a place for you in 
League organization. 

• LEADERSHIP POSTS 
To advance each type of station work and. 

group interest in amateur radio, and to develop 
practical communications plans with the great-
est success, appointments of leaders and or-
ganizers in particular single-interest fields are 
made by SCMs. Each leadership post is im-
portant. Each provides activities and assistance 
for appointee groups and individual members 
along the lines of natural interest. Some posts 
further the general ability of amateurs to com-
municate efficiently at all times, by pointing 
activity toward networks and round tables, 
others are aimed specifically at establishment of 
provisions for organizing the amateur service as 
a stand-by communications group to serve the 
public in disaster, civil defense need or emer-
gency of any sort. The SCM appoints the follow-
ing in accordance with section needs and in-
dividual qualifications: 
PAM Phone Activities Manager. Organizes activities for 

OPSs and voice operators in his section. Promotes 
phone nets and recruits OPSs. 

RM Route Manager. Organizes and coordinates c.w. 
traffic activities. Supervises and promotes nets and 
recruits ORSs. 

SEC Section Emergency Coordinator. Promotes and 
administers section emergency radio organization. 

EC Emergency Coordinator. Organizes amateurs of a 
community or other local area for emergency radio 
service; maintains liaison with officials and agencies 
served; also with other local communication 
facilities. Sponsors tests, recruits for AREC and 
encourages alignment with RACES. 
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• STATION APPOINTMENTS 
ARRL's field organization has a place for 

every active amateur who has a station. The 
Communications Department organization exists 
to increase individual enjoyment and station 
effectiveness in amateur radio work, and we ex-
tend a cordial invitation to every amateur to 
participate fully in the activities and to apply to 
the SCNI for one of the following station ap-
pointments. ARRL membership and the General 
Class license or VE equivalent is prerequisite to 
appointments, except OES is available to Novice/ 
Technician grades. 

OPS 

ORS 

OBS 

OES 

Official Phone Station. Sets high voice operating 
standards and procedures, furthers phone nets and 
traffic. 
Oficial Relay Station. Traffic service, operates c.w. 
nets: noted for 15 w.p.m. and procedure ability. 
Official Bulletin Station. Transmits ARRL and 
FCC bulletin information to amateurs 
Official Experimental Station. Collects and reports 
v.h.f.-u.h.f.-s.h.f. propagation data, may engage 
in facsimile, TT, TV, work on 50 Mc. and/or 
above. Takes part as feasible in v. h.f. traffic work, 
reports saine, supports v. h.f. nets, observes pro-
cedure standards. 

00 Official Observer. Sends cooperative notices to 
amateurs to assist in frequency observance, insures 
high-quality signals, and prevents FCC trouble. 

Emblem Colors 

Members wear the ARRL emblem with black-
enamel background. A red background for an em-
blem will indicate t hat the wearer is SCNI. SECs, 
Ees, It Ms, and PA NI s may wear the emblem with 
green background. Observers and all station ap-
pointees : in. etil it lull to wear blue emblems. 

• SECTION NETS 
Amateurs can add much experience and pleas-

ure to their own amateur lives, and substance 
and accomplishment to the credit of all of ama-
teur radio, when organized into effective inter-
connection of cities anti towns. 
The successful operation of a net depends a 

lot on thy Net wind Station. This station 
should be ehosen earl thy and be one that will 
not hasit tutu en1oree e:teli and every net rule 
and set t example in his own operation. 
A progressive net gr ,nys, obtaining new mem-

bers bot h directly am I t hrough other net mem-
bers. Bulletins may be issued at intervals to keep 
in direct vontart with the members regarding 
ger wral net : let iv it y, to keep tab on net procedure, 

make suggestions for improvement, keep track of 
active members and weed out inactive ones. 
A National Traffic System is sponsored by 

ARRL to facilitate the over-all expeditious relay 
and delivery of tnessage traffic. The system recog-
nizes the need for handling traffic beyond the 
section-level networks that have the popular 
support of both phone and c.w. groups (OPS 
and ORS) throughout the League's field organiza-
tion. Area and regional provisions for NTS are 
furthered by Headquarters correspondence. The 
ARRL Net Directory, revised in December each 
year, ineludes the frequencies and times of op-
eration of the hundreds of different nets operating 
on amateur band frequencies. 

Radio Club Affiliation 

ARRL is pleased to grant affiliation to any 
amateur society having ( 1) at least 51% of the 
voting club membership as full members of the 
League, and (2) at least 51% of members govern-
ment-licensed radio amateurs. In high school 
radio clubs bearing the school name, the first above 
requirement is modified to require one full mem-
ber of ARRL in the club. Where a society has 
common aims and wishes to add strength to 
that of other (' lui) groups and strengthen amateur 
radio by affiliation with the national amateur 
organization, a request addressed to the Com-
munications Manager will bring the necessary 
forms anti information to initiate the application 
for affiliation. Such clubs receive field-organiza-
tion bulletins and special information at intervals 
for posting on club bulletin boards or for relay to 
their memberships. A travel plan providing com-
munications, technical and secretarial contact 
from the Headquarters is worked out seasonally 
to give maximum benefits to as many as possible 
of the several hundred active affiliated radio 
clubs. Papers on club work, suggestions for 
organizing, for constitutions, for radio courses of 
study, etc., are available on request. 

Club Training Aids 

One section of the ARRL Communications 
Department handles the Training Aids Pro-
gram. This program is a service to ARRL affili-
ated clubs. Material is aimed at education, train-
ing and entertainment of club members.Interesting 
quiz material is available. 

Training Aids include such items as motion-
picture films, film strips, slides, audio tapes and 
lecture outlines. Bookings are limited to ARRL-
affiliated clui as. since the visual aids listings are 
not sufficiently extensive to permit such services 
to other groups. 

All Training Aids materials are loaned free 
(u•x,•epf for shipping charges) to ARRL affiliated 
clubs. Numerous groups use this ARRL service 
to good advantage. If your club is affiliated but 
has not yet taken advantage of titis service, you 
am missing a good chance to add the available 
features to your meeting programs and general 
('lui), activities. Watch club bulletins and QST 
or write the ARRL Communications Depart-
ment for TA-21 and TA-32. 
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Operating Activities and Awards 

• W1AW 
The Maxim Memorial Stalin, W1AVt', is 

do heated to fraternity and survive. Operated 
by the League headquarters, W I AW is located 
about f, air miles south of the Headquarters of-
fices on a seven-acre site. The station is on the air 
daily, except holidays, and available time is 
divided between different bands and modes. 

Telegraph 
and phone 
transmitters 
are provided 
for all bands 
from 1.8 to 
144 Me. The 
normal fre-
quencies in 
each band 
for e.w. and 

voice transmissions are as follows: 1820, 3555, 
3945, 7080, 7255, 14,100, 1-1,280, 21,075, 21,330, 
28,080, 29,000, 50,900 and 1.15.600 ke. Operating-
visiting hours and the station sehedule are listed 
every other month in QS'/'. 

Operation is roughly proportional to amateur 
interest, in dilTerent bands und modes, with one 
kw. except on 160 and v.h.f. bands. WI AW's 
daily bulletins and code practice aim to give op-
erational help to the largest number. 

All amateurs are invited to visit \VI A \V, as 
well as to work the station from their own 
shacks. The station was established to be a liv-
ing memorial to Hiram Percy Maxim and to carry 
on the work and traditions of amateur radio. 

• OPERATING ACTIVITIES 
Within the ARRL field organization there are 

several special activities. First week ends of each 
month are often occasions for ARRL officials, 
officers and directors to get together over the air 
from their own stations. This activity is known 
to the gang as the LO (League officials) party. 
For all appointees, quarterly Cl) parties are 
scheduled additionally to develop operating abil-
ity and a spirit of fraternalism. 

In addition to those for appointees and officials, 
ARRL sponsors various other activities open to 
all amateurs. The DX-minded amateur may par-
ticipate in the Annual ARM. International DX 
Competition during February and March. This 
popular contest may bring you the thrill of work-
ing new countries and building up your DXCC 
totals; certificate awards are offered to top scorers 
in each country and ARM, section (see page 6 
of any QST) and to club leaders. Then there is 
the ever-popular Sweepstakes in November. Of 
domestic scope, the SS affords the opportunity to 
work new states for that WAS award. A Novice 
activity is planned annually. The interests of 
v.h.f. enthusiasts are also provided for in contests 
held in January, June and September of each 
year. Where enough logs (three) are received to 
constitute minimum " competition" a certificate 
in spot activities, such as the " SS" and v.h.f. 
party, is awarded the leading newcomer for his 

work considered only in competition with other 
iiewcomers. 
As in all our operating, the idea of having a 

good time is cotnbined in the Annual Field Day 
with the mom serious t bought of preparing our-
selves to render public service in times of emer-
gency. A premium is placed on the use of equip-
ment without connection to commercial power 
sources. Clubs and individual groups always en-
joy themselves in the " FD," und learn much 
about the requirements for operating under 
knockabout conditions afield. 
ARRL contest activities are diversified to 

appeal to all operating interests, and will be 
found announced in detail in issues of QST 
Preceding the different events. 

• AWARDS 
The League-sponsored operating activities 

heretofore mentioned have useful objectives 
and provide much enjoyment for members of 
the fraternity. Achievement in amateur radio 
is recognized by various certificates offered 
through the League and detailed below. 

WAS Award 
WAS means "M'orked All States." This 

award is available regardless of affiliation or 
nonaffiliation with any organization. Here are 
the simple rules to follow in going after your 
WAS: 

1) Two-way communication must be established on the 
amateur bands with each of the states; any and all amateur 
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bands may be used. A card from the DistrMt of Columbia 
may be submitted in lieu of one from Maryland. 

2) Contacts with all states must be made front the saine 
location. Within a given eommunity one location may be 
defined as from places no two of which are more than 25 
miles apart. 

3) Contacts may be made over any period of years, pro-
vided only that all contacts are from the same location, and 
except that only contacts with Alaska dated January 3, 
1959 or later count, and only contacts with Hawaii dated 
August 21, 1959 or later count. 

4) QSL cards, or other written communications from 
stations worked confirming the necessary two-way con-
tacts, must be submitted by the applicant to ARRL head-
quarters. 

5) Sufficient postage must be sent with the confirmations 
to finance their return. No correspondence will be returned 
unless sufficient postage is furnished. 

ti) The WAS award is available to all amateurs. It is re-
quired that the confirmations submitted be placed alpha-
betirally in orde by slates. 

7) Address all applications and confirmations to the 
Communications Department, ARRL, 38 La Salle Road, 
West Ilartford, Conn. 

DX Century Club Award 

Here are the rules under which the DX Cen-

577 



24- OPERATING A STATION 

tury Club Award will be issued to amateur s who 
have worked and confirmed contact with 100 
countries in the postwar period. 

1) The DX Century Club Award Certificate for con-
firmed contacts with 100 or more countries is available to 
all amateurs everywhere in the world. 

2) Confirmations must be submitted direct to ARRL 
headquarters for all countries claimed. Claims for a total of 
100 countries must be included with first application. Con-
firmation from foreign contest logs may be requested in the 
ease of the ARRL International DX Competition only, 
subject to the following conditions: 

a) Sufficient confirmations of other types must be sub-
mitted so that these, plus the DX Contest confirmations, 
will total 100. In every case, Contest confirmations must 
not be requested for any countries from which the applicant 
has regular confirmations. That is, contest confirmations 
will be granted only in the case of countries from which 
applicants have no regular confirmations. 

b) Look up the contest resulta as published in Q.ST to 
see if your man is listed in the foreign scores. If he isn't, he 
did not send in a log and no confirmation is possible. 

c) Give year of contest, date and time of QS0. 
d) In future DX Contests do not request confirmations 

until after the final results have been published, usually in 
one of the early fall issues. Requests before this time must 
be ignored. 

3) The ARRL Countries List, printed periodically in 
QST, will be used in determining what constitutes a " coun-
try." This chapter contains the Postwar Countries List. 

4) Confirmations must be accompanied by a list of 
claimed countries and stations to aid in checking and for 
future reference. 

5) Confirmations from additional countries may be sub-
mated for credit each tinte ten additional confirmations are 
available. Endorsements for affixing to certificates and 
showing the new confirmed total ( 110, 120, 130, etc.) will be 
awarded as additional credits are granted. ARRL DX 
Competition logs from foreign stations may be utilized for 
these endorsements, subject to conditions stated under (2). 

6) All contacts must be made with amateur stations 
working in the authorized amateur bands or with other sta-
tions licensed to work amateurs. 

7) In cases of countries where amateurs are licensed in 
the normal manner, credit may be claimed only for stations 
using regular government-assigned call letters. No credit 
may be claimed for contacts with stations in any countries 
in which amateurs have been temporarily closed down by 
special government edict where amateur licenses were for-
merly issued in the normal manner. 

8) All stations contacted must be " land stations" . . . 
contacts with ships, anchored or otherwise, and aircraft, 
cannot be counted. 

9) All stations must be contacted from the same call 
area, where such areas exist, or from the same country in 
cases where there are no call areas. One exception is allowed 
to this rule: where a station is moved from one call area to 
another, or from one country to another, all contacts must 
be made from within a radius of 150 miles of the initial 
location. 

10) Contacts may be made over any period of years front 
November 15, 1945, provided only that all contacts be made 
under the provisions of Rule 9, and by the same station 
licensee; contacts may have been made under different call 
letters in the same area (or country), if the licensee for all 
was the seine. 

11) Any altered or forged confirmations submitted for 
CC credit will result in disquatification of the applicant. 
The eligibility of any DXCC applicant who was ever barred 
from DXCC to reapply, and the conditions for such appli-
cation, shall be determined by the Awards Committee. Any 
holder of the Century Club Award submitting forged or 
altered confirmations must forfeit his right to be considered 
for further endorsements. 

12) Operating ethics: Fair play and good sportsmanship 
in operating are required of all amateurs working toward 
the DX Century Club Award. In the event of specific objec-
tions relative to continued poor operating ethics an indi-
vidual may be disqualified from the DXCC by action of the 
ARRL Awards Committee. 

13) Sufficient postage for the return of confirmations 
must be forwarded with the application. In order to insure 

the safe return of large batches of confirmations, it is sug-
gested that enough postage be sent to make possible their 
return by first-class mail, registered. 

14) Decisions of the ARRL Awards Committee regard-
ing interpretation of the rules as here printed or later 
amended shall be final. 

15) Address all applications and confirmations to the 
Communications Department, ARRL, 38 La Salle Road, 
West llartford 7. Conn. 

WAC Award 

The WAC award, Worked All Continents, is 
issued by the International Amateur Radio 
Union (IARU) upon proof of contact with each 
of the six continents. Amateurs in the U.S.A., 
Possessions and Canada should apply for the 
award through ARRL, headquarters society of 
the IARU. Those elsewhere must submit direct 
to their own IARU member-society. Residents of 
countries not represented in the Union may 
apply directly to ARRL for the award. Two basic 
types of WAC certificates are issued. One con-
tains no endorsements and is awarded for c.w., 
or a combination of c.w. and phone contacts; the 
other is awarded when all work is done on 
phone. There is a special endorsement to the 
phone WAC when all of the confirmations sub-
mitted clearly indicate that the work was done on 
two-way s.s.b. The only special band endorse-
ments are for 3.5 and 50 Mc. 

Code Proficiency Award 

Many hams can follow the general idea of a 
contact " by ear" but when pressed to " write 
it down" they " muff" the copy. The Code 
Proficiency Award permits each amateur to 
prove himself as a proficient operator, and sets 
up a system of awards for step-by-step gains 
in copying proficiency. It enables every amateur 
to check his code proficiency, to better that pro-
ficiency, and to receive a certification of his re-
ceiving speed. 

This program is a whale of a lot of fun. The 
League will give a certificate to any licensed 
radio amateur who demonstrates that he can 
copy perfectly, for at least one minute, plain-lan-
guage Continental code at 10, 15, 20, 25, 30 or 35 

vords per minute, as transmitted during special 
monthly transmissions from W1AW and W6OWP. 

As part of the ARRL Code Proficiency pro-
gram W1AW transmits plain-language practice 

t.14.44.4, 414, 444/ 444* 
0444...11.14.4 klY• 11.1., 144  
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material each evening at speeds from 5 to 35 
w.p.m. All amateurs are invited to use these 
transmissions to increase their code-copying 
ability. Non-amateurs are invited to utilize the 
lower speeds, 5, 72 and 10 w.p.m., which are 
transmitted for the benefit of persons studying 
the co le in preparation for the amateur license 
examination. Refer to any issue of QST for 
details of the practice schedule. 

Rag Chewers Club 

The Rag Chewers Club is designed to en-
courage friendly contacts and discourage the 
"hello-good-by" type of (et). It furthers frater-
nalism through amateur radio. Membership cer-
tificates are awarded. 

How To Get in: ( 1) Chew the rag with a member of the 
club for at least a solid half hour. This does not mean a half 
hour spent in trying to get a message over through bad 
QRM or QRN, but a solid half hour of conversation or mes-
sage handling. (2) Report the conversation by card to The 
Rag Chewers Club, ARRL, Communications Department, 
West Hartford, Conn., and ask the member station you talk 
with to do the same. When bah reports are received you 
will be sent a membership certificate entitling you to all the 
privileges of a Rag Chewer. 
How To Stay in: ( 1) Be a conversationalist on the air in-

stead of one of those tongue-tied infants who don't know any 
words except " cuagn" or " cul," or " QRU" or " nil." Talk 
to the fellows you work with and get to know them. (2) 
Operate your station in accordance with the radio laws and 
ARRL practice. (3) Observe rules of courtesy on the air. 
(4) Sign " RCC" after each call so that others may know 
you can talk as well as call. 

A-1 Operator Club 

The A-I Operator Club should include in its 
ranks every good operator. To become a mem-
ber, one must be nominated by at least two 
operators who already belong. General keying 
or voice technique, procedure, copying ability, 
judgment and courtesy all count in rating candi-
dates under the club rules detailed at length in 
Operating an Amateur Radio Station. Aim to 
make yourself a fine operator, and one of these 
days you may be pleasantly surprised by an invi-
tation to belong to the A-1 Operator Club, which 
carries a worth-while certificate in its own right. 

Brass Pounders League 

Every individual reporting more than a speci-

fied minimum in official monthly traffic totals is 
given an honor place in the QST listing known 
as the Brass Pounders League and a certificate 
to recognize his performance is furnished by the 
SCM. In addition, a BI'L Traffic Award (medal-
lion) is given to individual amateurs working at 
their own stations after the third time they 
"make BPL" provided it is duly reported to the 
SCM and recorded in QS7'. 
The value to amateurs in operator training, 

and the utility of amateur message handling 
to the members of the fraternity itself as well as 
to the general public, make message-handling 
work of prime importance to the fraternity. 
Fun, enjoyment, and the feeling of having done 
something really worth while for one's fellows is 
accentuated by pride in message files, records, 
and letters from those served. 

Old Timers Club 

The Old Timers Club is open to anyone who 
holds an amateur call at the present time, and 
who held an amateur license (operator or sta-
tion) 20-or-more years ago. Lapses in activity 
during the intervening years are permitted. 

If you can qualify as an " Old Timer," send 
an outline of your ham career. Indicate the date 
of your first amateur license and your present 
call. If eligible for the OTC, you will be added to 
the roster and will receive a membership cer-
tificate. 

• INVITATION 
Amateur radio is capable of giving enjoy-

ment, self-training, social and organization bene-
fits in proportion to what the individual amateur 
puts into his hobby. All amateurs are invited to 
become ARRL members, to work toward awards, 
and to accept the challenge and invitation of-
fered in field-organization appointments. Drop 
a line to ARRL Headquarters for the booklet 
Operating an Amateur Radio Station, which has 
detailed information on the field-organization ap-
pointments and awards. Accept today the invita-
tion to take full part in all League activities and 
organization work 

CONELRAD COMPLIANCE 

The FCC rules for the Amateur Service concerned with requirements in the event of enemy 
attack are contained in the ARRL License Manual as part of the amateur regulations, Sections 
12.190 through 12.196. These are the rules for control of electromagnetic radiation, conelrad, 
to minimize radio navigational aids to an enemy. Read and follow these rules. They concern you. 
Amateurs are required to shut down when a Conelrad Radio Alert is indicated. FCC requires 

monitoring, by some means, of a broadcast station while you operate. By use of proper equip-
ment, each amateur can make his conelrad compliance routine and almost automatic. You 
will find descriptions of such devices, most of them quite simple, in this Handbook and in QST. 
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Operating Abbreviations and Prefixes 

• Q SIGNALS 
Given below are a number of Q signals whose 

meanings most often need to be expressed with 
brevity and clearness in amateur work. (Q ab-
breviations take the form of questions only when 
each is sent followed by a question mark.) 

QRG Will you tell me my exact frequency (or that 
of )? Your exact frequency (or that 
of ) is kc. 

QRH Does my frequency vary? Your frequency varies. 

QRI How is the tone of my transmission? The tone of 
your transmission is  ( 1. Good; 2. Variable; 
3. Bad). 

QRK What is the readability of my signals (or those 
of )? The readability of your signals (or 
those of ) is  ( 1. Unreadable; 2. Read-
able now and then; 3. Readable but with dif-
ficulty; 4. Readable; 5. Perfectly readable). 

QRL Are you busy? I am busy (or I am busy with 
 ). Please do not interfere. 

QRM Are you being interfered with? lain interfered with. 

QRN Are you troubled by static? I am being troubled 
by static. 

QRO Must I increase power? Increase power. 

QRP Must I decrease power? Decrease power. 

QRQ Shall I send faster? Send faster ( words per 
min.). 

QRS Shall I send more slowly? Send more slowly (.... 
w.p.m.). 

QRT Shall I stop sending? Stop sending. 

QRU Have you anything for me? I have nothing for you. 

QRV Are you ready? I am ready. 

QRW Shall I tell that you are calling him on 
 ke Please inform that I am calling 
him on kc. 

QRX When will you call me again? I will call you again 
at hours (on kc.). 

QRZ Who is calling nie? You are being called by  
(on kc.). 

QSA What is the strength of my signals (or those of 
 )? The strength of your signals (or those 
of ) is  ( 1. Scarcely perceptible; 2. 
Weak; 3. Fairly good; 4. Good; 5. Very good). 

QSB Are my signals fading? Your signals are fading. 

QSD Is my keying defective? Your keying is defective. 

QSG Shall I senil messages at a time? Send  
messages at a tinte. 

QSL Can you acknowledge receipt? I am acknowledging 
receipt. 

QSM Shall I repeat the last message which I sent you, 
or some previous message? Repeat the last 
message which you sent me [or message(s) 
number(s) J. 

QS0 Can you communicate with .... direct or by relay? 
I can communicate with direct (or by relay 
through ). 

QSP Will you relay to 7 I will relay to  

QSV Shall I send a series of Vs on this frequency (or 
kc )? Send a series of Vs on this frequency 

(or kc.). 

@SW Will you send on this frequency (or on.... 
I am going to send on this frequency (or on 
 kc.). 

QSX Will you listen to on kc.? I am listening 
to on kc. 

QSY 

QSZ 

QTA 

QTB 

QTC 

QTII 

QTR 

Shall I change to transmission on another fre-
quency? Change to transmission on another 
frequency (or on.... kc ). 

Shall I send each word or group more than once? 
Senil each word or group twice (or.... times). 

Shall I cancel message number.... 9.9 if it had not 
been sent? Cancel message number as if it 
had not been sent. 

Do you agree with my counting of words? I do not 
agree with your counting of words; I will repeat 
the first letter or digit of each word or group. 

How many messages have you to send? I have.... 
messages for you (or for ). 

What is your location? My location is  

What is the exact time? The time is  

Special abbreviations adopted by ARRI.: 
QST General call preceding a message addressed to all 

amateurs and ARItl. members. This is in effect 
"CQ 

QHRR Official ARRI. " land SOS." A distress call for 
emergency use only by a station in an emergency 
situation. 

THE R-S-T SYSTEM 
READABILITY 

1— Unreadable. 

2 — Barely readable, occasional words distinguish-
able. 

3 — Readable with considerable difficulty. 

4 — Readable with practically no difficulty. 

5 — Perfectly readable. 

SIGNAL STRENGTH 

1 — Faint signals, barely perceptible. 

2 — Very weak signals. 

3 — Weak signals. 

4 — Fair signals. 

5 — Fairly good signals. 

— Good signals. 

7 — Moderately strong signals. 

8 — Strong signals. 

9 — Extremely strong signals. 

TONE 

1 — Extremely rough hissing note. 

2 — Very rough a.c. note, no trace of musicality. 

3 — Rough low-pitched a.c. note, slightly musical. 

4 — Rather rough a.c. note, moderately musical. 

5 — Musically-modulated note. 

6 — Modulated note, slight trace of whistle. 

7 — Near d.c. note, smooth ripple. 

8 — Good d.c. note, just a trace of ripple. 

9 — Purest d.c. note. 

If the signal has the characteristic steadiness of 
crystal control, add the letter X to the RST report. 
If there is a chirp, the letter C may be added to so 
indicate. Similarly for a click, add K. The above 
reporting system is used on both c.w. and voice, 
leaving out the "tone" report on voice. 
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AC3 Sikkim 
AC4 Tibet 
AC5 Bhutan 
AP2 Pakistan 
By, (C3) Formosa 
BY, (C) China 
C9 Manchuria 
CE Chile 
CE9, KC4, LU-Z, VEO, 

VP8, ZL5, etc. Antarctica 
CE9 (See VP8) 
CE0A — Easter Island 
CEOZ ...Juan Fernandez Archipelago 
CM, CO Cuba 
CN2 Tangier 
CN8, CN9 Morocco 
CP Bolivia 
CR4 Cape Verde Islands 
CR5 Portuguese Guinea 
CR5 Principe, Sao Thome 
CR6 Angola 
CR7 Mozambique 
CR8 Goa (Portuguese India) 
CR9 Macao 
CR10 Portuguese Timor 
CT1 Portugal 
CT2 Azores 
cr3 Madeira Islands 
CX Uruguay 
DJ, DL, DM Germany 
DU Philippine Islands 
EA Spain 
EA6 Balearic Islands 
EA8 Canary Islands 
E9  Ifni 
EA9 Rio de Oro 
EA9 Spanish Morocco 
EAU Spanish Guinea 
El Republic of Ireland 
EL Liberia 
EQ Iran 
ET2 Eritrea 
ET3 Ethiopia 
F France 
FA Algeria 
FB8.. Amsterdam & St. Paul Islands 
FB8 Comoro Islands 
F138 Kerguelen Islands 
FB8 Madagascar 
FB8 Tromelin Island 
FC (unofficial) Corsica 
FI) Togo 
FE8 French Caineroons 
FF8 French West Africa 
FLI7 Guadeloupe 
1,18 French Indo-China 
Flí8 New Caledonia 
FL8 French Somaliland 
F1\17 Martinique 
FN French India 
F08 Clipperton Island 
F08 French Oceania 
FP8...St. l'ierre & Miquelon Islands 
FQ8 French Equatorial Africa 
Flt7 Reunion Island 
F$7 Saint Martin 
FU8, YJI New Ilebrides 
FW8 Wallis & Futuna Islands 
FY7 French Guiana & mini 
G England 
GC Channel Islands 
GD Isle of Man 
GI Northern Ireland 
GM Scotland 
OW Wales 
HA Hungary 
IIB Switzerland 
HC Ecuador 
HC8 Galapagos Islands 
HE Liechtenstein 
11H I laiti 
III Dominican Republic 
HE Colombia 
HEU Archipelago of San Andres 

and Providencia 
HL Korea 
IIP Panama 
II R Honduras 
IIS Thailand 
IIV Vatican City 
HZ Saudi Arabia 
II, IT1 Italy 
11 Trieste 
15 Italian Somaliland 
IS1 Sardinia 
JA, KA Japan 
JT1 Mongolia 
JY Jordan 
JZ0 Netherlands New Guinea 
K, W United States of America 
KA (See JA) 
KAO, EGG!. Bonin & Volcano Islands 
KB6 . . Baker, lowland & American 

Phoenix Islands 
KC4 (See CE9) 
KC4 Navassa Island 
KC6 Eastern Caroline Islands 
KC6 Western Caroline Islands 

KG! (See OX) 
KG4 Guantanamo Bay 
EGG Mariana Islands 
líG6I— (See EAU) 
KH6 Hawaiian Islands 
KM Johnston Island 
líL7 Alaska 
K1\16 Midway Islands 
EP4 Puerto Rico 
I•P6... Palmyra Group, Jarvis Island 
KR6 Ryukyu Islands 
IíS4B.Serrana Bank & Roncador Cay 
íS4 Swan Island 
IíS6 American Samoa 
KV4 Virgin Islands 
KW6 Wake Island 
KX6 Marshall Islands 
KZ5 Canal Zone 
LA Jan Mayen 
LA Norway 
LA Svalbard 
LU Argentina 
LU-Z (See CE9, VP8) 
LX Luxembourg 
LZ Bulgaria 
M1 San Marino 
51P4 Bahrein Island 
1111'4 Qatar 
1M P4 Trucial Oman 
OA Peru 
OD5 Lebanon 
OE Austria 
OH Finland 
OH0 Aland Islands 
OK Czechoslovakia 
ON4 Belgium 
0Q5, 0 Belgian Congo 
OX, KG! Greenland 
OY Pierces 
OZ Denmark 
PAO. PII Netherlands 
P.1 Netherlands West Indies 
P.12M— Sint Maarten 
PEI, 2  3  Java 
PE4 Sumatra 
l'ES Netherlands Borneo 
Plí6 Celebes & Molucea Islands 
l'X Andorra 
PV Brazil 
PTO Fernando de Naronha 
l'Y)). Trinidade & Martin Vas Islunds 
PI I Netherlands Guiana 
SL  `4N1 Sweden 
SP Poland 
ST2 Sudan 
SU Egypt 
SV Crete 
SV Dodecanese 
SV Greece 
TA Turkey 
TF Iceland 
TG Guatemala 
TI Costa Rica 
TB) Cocos Island 
UA1, 2, 3, 4, 6. . European Russian 

Socialist Federated Soviet Republic 
UA 1 Franz Josef Land 
UA!), 0 .. Asiatic Russian S.F.S.It. 
U4.0 Wrangel Island 
UB5 Ukraine 
UC2 White Russian S.S.R. 
UD6 Azerbaijan 
UPS Georgia 
UG6 Armenia 
U118 Turkoman 
UI8 Uzbek 
UJ8 Tadzhik 
UL7  Kazakh 
1.11\18  Kirghiz 
UNI Karelo-Finnish Republic 
UO5 Moldavia 
UPI Lithuania 
UQ2 Latvia 
tau Estonia 
VE, VO Canada 
VE..Australia (including Tasmania) 
VU Lord Howe Island 
VE!), ZC3 Christmas Island 
VEO Cocos Islands 
VEO Nauru Island 
VE')  Norfolk Island 
VE')  Papua Territory 
VE')  Territory of New Guinea 
VEO (See CEO) 
VEO Heard Island 
VEO Macquarie Island 
VO (See VE) 
VP1 British Honduras 
VP2 Anguilla 
VP2 Antigua, Barbuda 
VP2 British Virgin Islands 
VP2 Dominica 
VP2 Granada & Dependencies 
VP2 Montserrat 
VP2 St. Kitts, Nevis 
VP2 St. Lucia 
VP2 St. Vincent & Dependencies 
VP3 British Guiana 

VP4 Trinidad & Tobago 
VP5 Jamaica 

(including Cayman Isis.) 
VP5 Turks & Caicos Islands 
VP6 Barbados 
VP7 Bahama Islands 
VP8 (See CE9) 
VP8 Falkland Islands 
VP8, LU-Z South Georgia 
VP8, LU-Z...South Orkney Islands 
VP8, LU-Z..South Sandwich Islands 
VP, LU-Z, CE9  

South Shetland Islands 
VP')  Bermuda Islands 
VQI Zanzibar 
VQ2 Northern Rhodesia 
VQ3 Tanganyika Territory 
VQ4 Kenya 
VQ5  Uganda 
VQ6 British Somaliland 
VQ8 Chagos Islands 
VQ8 Mauritius 
VQ8 Rodriguez Island 
VQ9 Seychelles 
VR I British Phoenix Islands 
VR I Gilbert & Ellice Islands 

& Ocean Island 
VR2 Fiji Islands 
VR3...Fanning & Christmas Islands 
 Solomon Islands 

VR5 Tonga Islands 
VR6 Pitcairn Island 
VS1 Singapore 
VS2 (See 9M2) 
VS4 Sarawak 
VS5 Brunei 
VS6 Ilona Kong 
VS9 Aden & Socotra 
VS9 Maldive Islands 
VSO Sultanate of Oman 
VU2 India 
VU4 Laccadive Islands 
VII& . Andaman and Nicobar Islands 
W (See K) 
XE, XF Mexico 
XE4 Revilla Gigedo 
XV5 (See 3W8) 
XW8 Laos 
XZ2 Burma 
YA Afghanistan 
VI Iraq 
Y.1 (See FITS) 
YK Syria 
TN, YN0 Nicaragua 
YO Roumania 
VS Salvador 
YU Yugoslavia 
TV Venezuela 
YV0 Aves Island 
ZA Albania 
ZBI Malta 
ZI12 Gibraltar 
7.C3 (See VED) 
ZC4 Cyprus 
ZC5  British North Borneo 
ZC6, 4X4 Palestine 
ZD1 Sierra Leone 
ZI)2 Nigeria 
ZD3 Gambia 
ZI)4 (See 0G1) 
ZD4 Gold Coast, Togoland 
ZD6 Nyasaland 
ZD7 St. helena 
ZD8 Ascension Island 
ZD9 Tristan da Cunha & 

Gough Islands 
ZE Southern Rhodesia 
Z K I Cook Islands 
Zlí 1   !Manihiki Islands 
ZK2 Niue 
ZL Chatham Islands 
ZL Kermadec Islands 
ZI., New Zealand 
ZL5 (See CE9) 
ZMO British Samoa 
Z1\17 Tokelau (Union) Islands 
ZP Paraguay 
ZS'. 2, 4, 5, 6.. Union of South Africa 
ZS2. Prince Edward & Marion Islands 
ZS3 Southwest Africa 
ZS7 Swaziland 
ZS8 Basutoland 
ZS')  Bechuanaland 
3A Monaco 
3V8 Tunisia 
3W8, XV5 Vietnam 
4S7 Ceylon 
4W 1 Yemen 
4X4 Israel 
5A Libya 
701 ( unofficial) Rep. of Guinea 
9G1, ZD4 Ghana 
9E2 Kuwait 
9M2 Malaya 
9NI Nepal 
904 Saar 
 Aldabra Islands 
 Cambodia 
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INTERNATIONAL PREFIXES 

AAA-ALZ 
AMA-AOZ 
APA-ASZ 
ATA-AWZ 
AXA-AXZ 
Ai A-AZZ 
BAA-BZZ 
CAA-CEZ 
CFA-CKZ 
CLA-CMZ 
CNA-CNZ 
COA-COZ 
CPA-CPZ 
CQA-CRZ 
CSA-CUZ 
C VA-CXZ 
CYA-CZZ 
DAA-DMZ 
DNA-DQZ 
DRA-DTZ 
DUA-DZZ 
EAA-EHZ 
EIA-EJZ 
EKA-EKZ 
ELA-ELZ 
EMA-EOZ 
EPA-EQZ 
ERA-EltZ 
ESA-ESZ 
ETA-ETZ 
EUA-EZZ 
FAA-FZZ 
GAA-GZZ 
HAA-HAZ 
IIBA-HBZ 
IICA-HDZ 
IlEA-HEZ 
IFA-HFZ 
liGA-HGZ 
IHIA-HHZ 
IIIA-HIZ 
HJA-HKZ 
HLA-HMZ 
HNA-HNZ 
HOA-HPZ 
11QA-HRZ 
HSA-HSZ 
IITA-HTZ 
HUA-HUZ 
H VA-HVZ 
IIWA-HYZ 
HZA-IIZZ 
IAA-IZZ 
JAA-JSZ 
JTA-JVZ 
JWA-JXZ 
JYA-JYZ 
JZA-JZZ 
KAA-KZZ 
LAA-LNZ 
LOA-LWZ 
LXA-LXZ 
LYA-LYZ 
LZA-LZZ 
MAA-NIZZ 
NAA-NZZ 
OAA-OCZ 
ODA-ODZ 
OEA-0EZ 
OFA-OJZ 
OKA-OMZ 
ONA-OTZ 
OUA-OZZ 
PA A-PLZ 
PJA-PJZ 
PKA-POZ 
PPA-PYZ 
PZA-PZZ 
QAA-QZZ 
RAA-RZZ 
SAA-SMZ 
SNA-SRZ 
SSA-SSM 

United States of America 
Spain 
Pakistan 
India 
Commonwealth of Australia 
Argentine Republic 
China 
Chile 
Canada 
Cuba 
Morocco 
Cuba 
Bolivia 
Portuguese Overseas Provinces 
Portugal 
Uruguay 
Canada 
Germany 
Belgian Congo 
Bielorussian Soviet Socialist Republic 
Republic of the Philippines 
Spain 
Ireland 
Union of Soviet Socialist Republics 
Liberia 
Union of Soviet Socialist Republics 
Iran 
Union of Soviet Socialist Republics 
Estonia 
Ethiopia 
Union uf Soviet Socialist Republics 
France and Colonies and Protectorates 
Great Britain 
Hungarian People's Republic 
Switzerland 
Ecuador 
Switzerland 
People's Republic of Poland 
Hungarian People's Republic 
Republic of Haiti 
Dominican Republic 
Republic of Colombia 
Korea 
Iraq 
Republic of Panama 
Republic of Honduras 
Thailand 
Nicaragua 
Republic of El Salvador 
Vatican City State 
France and Colonies and Protectorate,' 
Saudi Arabia 
Italy and Colonies 
Japan 
Mongolian People's Republic 
Norway 
Jordan 
Netherlands New Guinea 
United States of America 
Norway 
Argentine Republic 
Luxembourg 
Lithuania 
Reople's Republic of Bulgaria 
Great Britain 
United States of America 
Peru 
Lebanon 
Austria 
Finland 
Czechoslovakia 
Belgium and Colonies 
Denmark 
Netherlands 
Netherlands Antilles 
Republic of Indonesia 
Brazil 
Surinam 
(Service abbreviations) 
Union of Soviet Socialist Republics 
Sweden 
People's Republic of Poland 

Egypt 

SSN-STZ Sudan 
SI 1.-SUZ Egypt 
\ 1- SIZ Greece 

TA A-TCZ Turkey 
TDA-TDZ Guatemala 
TEA-TEZ Costa Rica 
TFA-TFZ Iceland 
TGA-TGZ Guatemala 
THA-THZ France and Colonies and Protectorates 
TIA-TIZ Costa Rica 
TJA-TZZ France and Colonies and Protectorates 
UAA-UQZ Union of Soviet Socialist Republics 
URA-UTZ Ukrainian Soviet Socialist Republic 
UUA-UZZ Union of Soviet Socialist Republics 
VAA-VGZ Canada 
VIIA-VNZ Commonwealth of Australia 
VOA-VOZ Canada 
VPA-VSZ British Colonies and Protectorates 
VTA-VWZ India 
VXA-VYZ Canada 
VZA-VZZ Commonwealth of Australia 
WAA-WZZ United States of America 
XAA-XIZ Mexico 
XJA-XOZ Canada 
Xl'A-XPZ Denmark 
XQA-XRZ Chile 
XSA-XSZ China 
XTA-XTZ France and Colonies and Protectorates 
XUA-XUZ Cambodia 
XVA-XVZ Viet-Nam 
XWA-XWZ Laos 
XXA-XXZ Portuguese Overseas Provinces 
XYA-XZZ Burma 
YAA-YAZ Afghanistan 
YBA-YHZ Republic of Indonesia 
YIA-YIZ Iraq 
YJA-YJZ New Hebrides 
YKA-YKZ Syrian Republic 
YLA-YLZ Latvia 
YMA-YMZ Turkey 
YNA-YNZ Nicaragua 
YOA-YRZ Roumanian People's Republic 
YSA-YSZ Republic of El Salvador 
YTA-YUZ Yugosalvia 
YVA-YYZ Venezuela 
YZA-YZZ Yugoslavia 
ZAA-ZAZ Albania 
ZBA-ZJZ British Colonies and Protectorates 
ZKA-ZMZ New Zealand 
ZNA-ZOZ British Colonies and Protectorates 
ZPA-ZPZ Paraguay 
ZQA-ZQZ British Colonies and Protectorates 
ZRA-ZUZ Union of South Africa 
ZVA-ZZZ Brazil 
2AA-2ZZ Great Britain 
3AA-3AZ Monaco 
3BA-3FZ Canada 
3GA-3GZ Chile 
3H A-3UZ China 
3VA-3VZ Tunisia 
3W A-3WZ Viet-Nam 
3YA-3YZ Norway 
3ZA-3ZZ People's Republic of Poland 
4A A-4CZ Mexico 
4DA-4IZ Republic of the Philippines 
4JA-4LZ Union of Soviet Socialist Republics 
4M A-4MZ Venezuela 
4NA-40Z Yugoslavia 
4PA-4SZ Ceylon 
4TA-4TZ Peru 
4UA-4UZ United Nations 
4VA-4VZ Republic of Haiti 
4WA-4WZ Yemen 
4XA-4XZ State of Israel 
4YA-4YZ International Civil Aviation Organization 
5AA-5AZ Libya 
5CA-5CZ Morocco 
5LA-5LZ Liberia 
5PA-5QZ Denmark 
9AA-SAZ San Marino 
9KA-9KZ Kuwait 
9NA-9NZ Nepal 
9SA-9SZ Saar 
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Abbreviations 

ABBREVIATIONS FOR C.W. WORK 

Abbreviations help to cut down unneeestiary transmission. 
when working an operator of unknown experience. 
AA All after 
AB 
ABT 
ADR 
AGN 
ANT 
BCI 
BCL 
BK 
BN 
B4 
C 
CFM 
CK 
CL 
CLD-CLG 
CUD 
CUL 
CUM 
CW 
DLD-DLVD 
DX 
ECO 
FB 
GA 
GB 
GBA 
GE 
GO 
GM 
GN 
GND 
GUD 
III 
RR 
HV 
HW 
LID 
MILS 
MSG 
N 
ND 
NIL 
NR 
NW 

All before 
About 
Address 
Again 
Antenna 
Broadcast interference 
Broadcast listener 
Break; break me; break in 
All between; been 
Before 
Yes 
Confirm; I confirm 
Check 
I am closing my station; call 
Called; calling 
Could 
See you later 
Come 
Continuous wave 
Delivered 
Distance 
Electron-coupled oscillator 
Fine business; excellent 
Go ahead (or resume sending) 
Good-by 
Give better address 
Good evening 
Coing 
Good morning 
Good night 
Ground 
Good 
The telegraphic laugh; high 
Here; hear 
Have 
How 
A poor operator 
Milliamperes 
Message; prefix to radiogram 
No 
Nothing doing 
Nothing; I have nothing for you 
Number 
Now; I resume transmission 

however, make it a rule not to abbreviate unnecessarily 

OB Old boy 
OM Old man 
OP-OPR Operator 
OSC Oscillator 
OT Old timer; old top 
PBL Preamble 
PSE-PLS Please 
PWR Power 
PX Press 
R Received as transmitted; are 
RAC Rectified alternating current 
RCD Received 
REF Refer to; referring to; reference 
RPT Repeat; I repeat 
SED Said 
SEZ Says 
SIG Signature; signal 
SINE Operator's personal initiale or nickname 
SKED Schedule 
SRI Som 
SVC Service; prefix to service message 
TFC Traffic 
TMW Tomorrow 
TNX-TKS Thanks 
TT That 
TU Thank you 
TV! Television interference 
TVL Television listener 
TXT Text 
UR-URS Your; you're; yours 
VFO Variable-frequency oscillator 
VY Very 
WA Word after 
WB Word before 
WD-WDS Word; words 
WKD-WKG Worked; working 
WL Well; will 
WUD Would 
WX Weather 
XMTR Transmitter 
XTAL Crystal 
YF (XYL) Wife 
YL Young lady 
73 Beet regarde 
88 Love and kisses 

W/K CALL AREAS BY STATES 

Alabama 4 
Alaska KL7 
Arizona  
Arkansas  
California 
Colorado  
Connecticut 1 
Delaware  3 
Florida 4 
Georgia 4 

5 
 6 

Idaho .. 7 
Illinois 9 
Indiana 9 
Iowa  
Kansas  
Kentucky  
Louisiana  
Maine  
Maryland (and District of Columbia)  
Massachusetts  
Michigan  
Minnesota  
Mississippi  
Missouri  

Montana  
Nebraska 0 
Nevada  
New Hampshire  
New Jersey  
New Mexico  
New York 2 
North Carolina 4 
North Dakota 
Ohio  
Oklahoma  
Oregon  . 
Pennsylvania 3 
Rhode Island 1 

0 South Carolina  .4 
0 South Dakota  
4 Tennessee 4 
5 Texas 5 
1 Utah 7 
3 Vermont 1 
1 Virginia 4 
8 Washington 7 
0 West Virginia 8 
5 Wisconsin 9 
0 Wyoming 7 
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24- OPERATING A STATION 

Operating an Amateur Radio Station 
covers the details of practical amateur operating. 
In it you will find information on Operating Prac-
tices, Emergency Communication, ARRL Op-
erating Activities and Awards, the ARRL Field 
Organization, Handling Messages, Network 
Organization, "Q" Signals and Abbreviations 
used in amateur operating, important extracts 
from the FCC Regulations, and other helpful 
material. It's a handy reference that will serve 
to answer many of the questions concerning 
operating that arise during your activities on 

the air. 

Emergency Communications is the "bi-
ble" of the Amateur Radio Emergency Corps. 
Within its eight pages are contained the funda-
mentals of emergency communication which 
every amateur interested in public service work 
should know, including a complete diagramma-
tical plan adaptable for use in any community, 
explanation of the role of the American Red 
Cross and FCC's regulations concerning ama-
teur operation in emergencies. The Radio 
Amateur Civil Emergency Service (RACES) 
comes in for special consideration, including a 
table of RACES frequencies on the front cover. 

The two publications described above 
may be obtained without charge by 
any Handbook reader. Either or 
both will be sent upon request. 

AMERICAN RADIO RELAY LEAGUE 

38 La Salle Road 
West Hartford 7, Connecticut, U. S. A. 

Please send me, without charge, the following: 

] OPERATING AN AMATEUR RADIO STATION 
Li EMERGENCY COMMUNICATIONS 

Name 

Address 

(Please Print) 
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CHAPTER 25 

Vacuum Tubes 
and Semiconductors 
For the convenience of the designer, t he re-

ceiving-type tubes listed in this chapter are 
grouped by filament voltages and construction 
types (glass, metal, miniature, etc.). For ex-
ample, all miniature tubes are listed in Table I, 
all metal tubes are in Table II, and so on. 

Transmitting tubes are divided into triodes 
and tetrodes-pentodes, then listed according 
to rated plate dissipation. This permits direct 
comparison of ratings of tubes in the same 
power classification. 

For quick reference, all tubes are listed in 
numerical-alphabetical order in the index. Types 
having no table reference are either obsolete or 
of little use in amateur equipment. Base diagrams 
for these tubes are listed, however. 

Tube Ratings 

Vacuum tubes are designed to be operated 
within definite maximum (and minimum) rat-
ings. These ratings are the maximum safe oper-
ating voltages and currents for the electrodes, 
based on inherent limiting factors such as 
permissible cathode temperature, emission, and 
power dissipation in electrodes. 

In the transmitting-tube tables, maximum 
ratings for electrode voltage, current and dissi-
pation are given separately Coon the typiral 
operat ing conditions for the recommended classes 
of operation. In the reeeiving-t elite tables, because 
of space limitations, ratings and operating data 
are combined. Where only one set of operat-
ing conditions appears, the positive electrode 
voltages shown (plate, screen, etc.) am, in 
general, also the maximum rated voltages. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one desig-
nated as CCS (Continuous Commercial Service) 
ratings, the other ICAS (Intermittent Com-
mercial and Amateur Service) ratings. Continu-
ous Commercial Service is defined as that type 
of service in which long tube life and reliability 
of performance under continuous operating 

conditions are the prime consideration. Inter-
mittent Commercial and Amateur Service is 
defined to include the many applications where 
the transmitter design factors of minimum 
size, light weight, and maximum power output 
are more important than long tube life. ICAS 
rat ings are considerably higher than CCS 
ratings. They permit the handling of greater 
power, and although such use involves some 
sacrifice in tube life, the period over which 
tubes give satisfactory performetnce in intermit-
tent service can be extremely long. 
The plate dissipation values given for transmit-

ting tubes should not be exei.eiled during normal 
operation. In plate modulated amplifier ameliett-
tjutis, the maximum allowable carrier-condition 
plate dissipation is app.', imately 66 pereent of 
the value listed and will rise to the maximum 
value under 100-per-cent sinusoidal modulation. 

Typical Operating Conditions 

The t vt deal operating conditions given for 
transmitting tubes represent, in general, maxi-
mum ICAS ratings where such ratings have 
been given by the manufacturer. They do not 
mere t he only peissible method of opera-
tion of a liarlicular t ut re type. Other values of 
plate voltage, plate current, grid bias, etc., may 
be used so long as the maximum ratings for a 
particular voltage or current are not exceeded. 

Equivalent Tubes 

The equivalent tubes listed in Table VIII are 
used occasionally in amateur service. In additiini 
to the types listed, other equivedents are avail-
able for special purposes such as series-heater 
string operation in TV receivers. These type,: 
require unusual values of heat or voltage (:i.15. 
4.2, etc.), and have controlled warm-up time 
characteristics to minimize voltage unbalance 
during starting. Except, for heater design, these 
types correspond eleetrically and mechanically 
to 6-volt protidypes. 

INDEX TO TUBE TABLES 

I — Miniature Receiving Tubes  V15 
II — 6.3-Volt Metal Receiving Tubes  V19 
III — 6.3-Volt Glass Tubes with Octal Bases V20 
IV — 6.3-Volt Lock-In Base Tube.   V20 
V — 1.5- Volt Battery Tubes  V21 
VI — High-Voltage Heater Tubes  V21 
VII — Special Receiving Tubes  V21 
VIII — Equivalent Tubes  V21 

IX — Control and Regulator Tubes  V23 
X — Rectifiers  V24 
XI — Triode Transmitting Tubes  V25 
XII — Tetrode and Pentode Transmitting 
Tubes  V28 

XIII — Electrostatic Cathode-Ray Tubes V30 
XIV — Transistors  V31 
XV — Crystal Diodes  V32 

vi 



CHAPTER 25 

INDEX TO VACUUM-TUBE TYPES 
Base-diagram section pages VS-% II. ( 1.1--ified data pages V15-V32. 

Type Page Base Type Page Base Type Page Base Type Page Base Type Page Base 
00-A  - 41) 2022  - 4AM 41)32  V29 Fig. 27 6ANISA  VIS 9CY 6BY6  V16 7011 
01-A  - 41) 2025  - 41) 4DK6  V21 70:(I 6AN4  VIS 7DK 613Y7  - 9AQ 
0A2  V23 5130 2026A  - 41313 4E27  V29 713M 6A3.5  VIS 7B13 6BY8  V16 91N 
0A3  V23 4AJ 2034  V25 Fig. 70 4E27A  V29 7BM 6AN6  - 7BJ 6BZ6  V16 70A1 
0A4G  ' ,3 4V 2C30  V25 Fig. 21 4 pAV6  V15 70M 6AN7  - 9Q 613Z7  V16 9AJ 
0A5  V23 Fig. 19 2037  V25 Fig. 21 4X150A. . V29 Fig. 75 6AN8  V21 913A 6658  V16 9A3 
0132  V23 5130 2039  V26 - 4X150G V29 - BA:NSA  V15 9DA 604  VIO 611G 
OB3  V23 4AJ 2039WA. . V21 - 4X25013  V29 Fig. 75 6AQ4  - 7DT 6C4  V25 613(3 
0(2  % 23 5130 2040  V25 1.1g. 11 4-65A  V29 Fig. 25 6AQ5  V21 713Z 605  VI9 6Q 
OC3  V23 4AJ 2043  V25 Fig. 11 4-125A  V29 511K 6AQ5A  VI5 7BZ 606  V22 61 
01)3   V23 4A3 2(251  - SCJ 4-250A  V29 5I3K (Late  VIS 7BT 6C7  - 7G 
0(13  - 5110 2052  - 8131) 4-400A  V29 513K 6AQ7GT V20 SCK 6080  - 8G 
0Y4  - 4BU 21321  V23 711N 4-1000A  V29 - 6AR5  V15 60C 6CA4  V24 9M 
054  - 4R 2E5  - 6R 5A6  - 9L 6AR6  V20 613Q OCAS  V16 70V 
OZ4A  - 4R 2E22  V28 5J SABPI-7-11. V30 14J 6A13.7GT . V20 WE 60135  - 8(113 
1  - 40 2E24  V28 7CL 5ADP1-7-11. V30 14J OARS  VIS 9DP 60135A  V20 8G D 
IA3  V15 SAP 2E25  V28 5133 SAJP1  V30 Fig. 78 BASS  VI5 7CV 60116  V22 7CM 
IA4P  - 4M 2E26  V28 7CK SAMP1  V30 1411 6AS6  VIS 7CM (WHOA  VIII 7CM 
IA4T  - 4K 2E30  VIS 70Q SAPI-4  V30 11A 6AS7G  V20 SBD 6CD6G  V22 511T 
1 A5GT  - 6X 2E30  V28 7CQ SAQPI  V30 14G 6AS7GA.... V22 81113 60136GA.... V20 511T 
1A6  - 6L 2EAS  VI5 7I3W SAS4A  V24 5T 6AS8  VIS 9DS OCES  
1A7GT  V21 7Z 2EN5  VIS 7FL 5ATPI-11 V30 14V 6AT6  VIS 7BT 6016 MR% 
1A135  - 513F 2G5  - OR 5AU4  V24 5T OATS  V22 9DW 6CGO  V16 7111( 
IA136   - 7DH 28/48  - SD SAW4  V24 5T 6ATSA  V15 9DW 6C07  V16 9AJ 
IAC6  - 7DH 2V2  - 81V SAX4GT. - 5T 6AU4GT.. - 4CG 6CG8  V22 9G1 
1A1,4  - OAR 2V30  - 4Y SAZ4  - ST 6AUSGT . V20 6CK 6008A  V16 9GF 
1AF4  V15 OAR 2W3  - 4X 5131'1  V30 11A 6AU6  V22 7BK OCHO  - 913A 
1/115  - 6AU 2x.2  - 4A11 SBPIA  V30 IIN 6AU6A  V15 7BK 6CH7  - 9EW 
IA115  - 13AU 2X2-A  V24 4/03 5BP7A  V30 1IN 6AU7  V22 9A 6C/18  V16 9FT 
1A.14  - OAR 2Y2  V24 4A13 5(1"1-11 V30 1413 6Aus  91)X 6036  - 9A8 
IAX2  - 9Y 2Z2  V24 413 5CP1A. V30 14J 6AU8A  VIS 9DX 6CK4  V20 83B 
1113(3T  - 3C 3A2  - 91)T 50P1B-11B. V30 14J 6AV4  V24 5138 6CK6  - 9AR 
1134  - 4M 3A3  - 8E5 50P7A  V30 14J 6AVSGA.. V20 6CK 6CL5  V20 SOD 
1135  - 6M 3A4  V15 71113 501,11A. V30 14J 6AV5GT. - (10K 6CL6  VIO 913V 
IB7GT  7Z 3A5  V15 WC 5('Pl2  V30 143 6AV6  V15 7I3T 6CL8  V22 9FX 
11380T  - 8 AW 3A80 1'  - 8As 51)22  V29 513K (lAW7GT. - SCQ 6CL8A  VIO 91X 
103  - 5C1 3A0P1-7-11. V30 14.1 SEMI  V21 9AE 6AW8A.  V15 9DX 6CM6  V16 9CK 
105GT  - 6X 3AP1-4  V30 7AN 513,8  V2I 9FA 6AX4GT - 4CG 6CM7  V16 9ES 
106  - 6L 3AP1A  V30 70E SUFI  V30 IIA OAX5GT V24 OS 60M8  V113 915 
107G  - 7Z 3114  - 7CV 5HPI-4  V30 IIA 6AX6G  - 7Q 6CN7  V16 9EN 
1021  - 4V 3135(3T  - 7AP 511P1A  V30 11N 6AX7  V22 9A tiCQ6  - 7DB 
IDSGP  - SY 3137  - 7BE 5JPIA-4A V30 118 6AX8  V15 9AE 6CQ8  VI6 9GE 
ID5GT  - 5R 31124  V24 Fig. 49 5LPIA-4A. V30 11T 6AZ8  VI5 OED 60116  VIO 7EA 
11)7G  - 75 31125  - 41. 5MP1-11. V30 7AN 6B4G  - 5S 6C118   V16 9(13 
I D8GT - 8M 31126  - Fig. 18 5NP1-4.... V30 11A 6135  - GAS 6085  V16 9CK 
IDN5  V15 613W 3B27  - 4P SRAGY. V24 5T 61313G  - 7V 6CS6  V16 7CH 
1E3  - 9BG 31128  V24 4P 511.40YA. V24 5T 6B7  - 7D 6087  VIO 913F 
1E40  - 58 3131,1-4-11.. V30 I4A 51(11A-4A . V30 141 ogs  V19 8E 6088  V22 91-2 
IE5GP  -- by 3BPIA  V311 14G 5SPI-4  V30 14K 6BA6  VIS 711K 6CUS....... VIO 7CV 
1E70  - 80 304  - 6BIA 5T4  V24 ST 6BA7  V15 SLIT 6CU6  V20 6AM 
IEP1-2-11.. V30 11V 3050T  - 7AQ 5/40  V24 5T 1313A8A  VIS 9DX 60178  V22 9GM 
114  - 5K 306  - 7I3W 5U4GA-GB. V24 5T 61104  V15 91)R 60X7  - 910 
1150  - 6X 3022  V26 Fig. 17 SUPI-11 V30 12E gges  VIS 7BD 6CX8  VI6 9DX 
116 - 6W 3(223  - 30 5V3  V24 5T 61307  VIS 9AX BOYS  V16 7EW 
117(3  - 7AD 3024  V25 21) 5V4G  V2I SL 61308  V15 9A3 60Y7  V16 9EF 
103-0T/ 3028  V25 Fig. 31 5V4GA  V24 5L 6BD4  1.1g. 80 6025  V16 9HN 
1133-GT.. V24 30 3034  V25 30 SVP7  V30 IIN 6B1)4A - Fig. 80 6134  V23 SAY 

104GT  - 5S 301,1  V30 IIC SW4GT  V24 ST 6BD5GT. V20 6CK 6D6 - 61 
1(35G  - OX 30X100A V26 - 5X3  - 40 6BD6  VI5 713K 61)7  - 7H 
106GT.... - 7AB 31)6   - 61313 5X4G  V24 5Q 6131)7  - 9Z 01)80  - SA 
1H40  - SS 31)23  - Flg. 30 5XP1 ....... V30 I4P 613E6  V16 7CH 61)A4  V24 4('G 
1H5GT .... V21 55 31)24  V28 Fig. 75 5XPIA-11A. V30 I4P 6BE7  - 9AA ODDS  VIO 9GR 
1H60  - 7AA 31)K6  VI5 7CM 5Y3-G-GT . V24 5T 613E8  V22 913G 6DB6 ..... .. V16 7CM 
133  V24 30 3DPIA  V30 1411 5Y3WGT - 5T OBESA  V16 9EG 61)06  V16 7CM 
1K3  V21 30 3DP7  V30 1411 5Y4-G-GT V24 5(2 6BF5  V16 7115 613E6  V16 7CM 
135G  - 6X 3DX3  - Fig.24 5YPI  V30 14Q 6BF8  V113 7BT 6DE7  V16 9HF 
IJ6GT  - 7AB 3E5  - 613X 5Z3  V24 41. 6131.60 - 513T 6 DK6  V16 7CM 
1L4  V15 OAR 3E6  - 70.1 5Z4  V24 5L 6BG6GA. V20 513T 6 DR7  V113 9H F 
ILO  V15 7130 3E22  - 813Y 5-125B  V29 7I3M toms  V16 9AZ 613S5   V17 7B2 
1LA4  - SAD 3E29  V28 713P 6A3  - 413 6BH6  V16 7CM 6DG6GT ... V20 7S 
1LA6  - 7AK 313A5  V2I 7EW 6M - 5B 6BH8  VI6 9DX 6DN6  V20 5BT 
1LB4  - SAD 3E1'1  V30 IIN 6A5GT  - 6T 61335  - 13CH 61)N7  V20 8131) 
ILB6  - SAX 31P7  V30 1413 6A6  V2I 7B (31336A  V16 7CM 6DQ5  V20 830 
1LC5  - 7A0 31P7A  V30 143 6A7  V2I 70 61337  VIO 9AX 61.)Q6B  V20 6AM 
I Le6  - 7A K 311P1-4-5-11. V30 11A 6A8  V19 8A 613J8  V16 9ER 613T5  V17 9CV 
1LD5  - 6AX 3GP1A  V30 11N 6,1134  V15 5CE 6BK5  V16 913Q 6DT6  V17 7EN 
11E3  - 4AA 331P4A  V30 11N 6A135  - OR 6BK6  V16 713T 6 DT8  V17 9DE 
1LF3  - 4AA 3.11.1-12 .. V30 14J 6A1360  - 7AU 6BK7  - 9AJ 6DW5  V17 9CK 
ILGS  - 7A0 3JP1A-11A V30 143 6A117   VI9 8N 6BK7A ... - 9M 6E5  - OR 
1LH4  V2I 5AG 3KPI-4-11 V30 1IM 6A138  - 9AT 6BK7B .. VIO 9A3 6E6  - 7B 
1 LN5  V2I 7AU 3LE4  - 6BA 6AC5GT V20 6Q 6BL7GTA. V20 SBD 6E7  - 7H 
INUIT . ... V21 5Y 3L14  V21 61313 6ACCIG  - 7AU 613L8  V16 Fig. 83 6E8G  - 80 
IN6G  - 7AM 3MP1  V30 12F 6A07  V19 871 6BMS  - 7135 OEA7V20 81113 
IP5GT  - SY 3Q4  VIS 7I3A 6ADSG  - 6Q 6BN4  V16 7EG 6I(A8  V17 9AE 
IQ5GT  - OAF 3(/50T  V2I 7AP 6A1)(10  - 7AG 6BN6  VI6 7DF 6E138  V17 9DX 
Il(4  - 4A11 3111'1-4   V30 12E 6A1)70 V20 SAY 6BN7  - 9AJ 6EF6  V20 75 
18.5  V15 7AT 3RP1A  V30 12E 6AD8  V15 9T 6BN8  V16 9ER 6EHS  V17 7CV 
184  VIS 7AV 384  VIS 7BA 6AE5G  - 6Q 611Q5  VIO 9CV 6E88  Vii 913E 
185  V15 6AU 381"1-4-7.. V30 12E 6AE6G  - 7AH 613Q6GA . V22 6AM 6131/5  V17 7EW 
ISA6GT.... - OCA 3UPI  V30 12F 6AE7GT. - VAX 6BQ6GT . - 6AM 6EW6  V22 7C1(1 
1S136GT.... - 6013 3V4  V21 6BX 6AE8  V21 8130 6BQ6GTA. V22 6AM 6EY6  V20 7AC 
1T4  VIS OAR 3WPI-2-11 V30 12T 6M-4  - 713K 6B(41GTB/ 6F.25  V20 7AC 
l'r5GT  - OX 3X100All. V26 - 6A1,4A  VIS 7DK . 1   V20 6AM 6128  V17 9KA 
1U4  VIS OAR 3-25A3  V25 3G 6A15(3  - (1.2 613Q7  6F4  V2I 7BR 
1U5  V15 613W 3-2503  V25 2D 6A16G  - 7AG 813Q7A  VI6 9A3 614  V25 7BR 
IU6  - 7130 3-50A4  V25 3G 6A170  - 8AG (3131(7  - 9110 615  V19 5M 
1-V  - 40 3-50D4  V25 2D 6A05  V15 7131) glue .   V22 9FA 616  V19 7AC 
IV2  V24 9U 3-5002  - 213 6AG6G  - 7S 613118A  V16 91A 617  - 7E 
1W4  - 5BZ 3-75A2  V26 21) 6A07  V19 SY 6BS5  - 911K 618G  - 8G 
IX2  ---- 9Y 3-75A3  V26 213 6AH4GT V20 SEL 61387  - 91313 6FH6  V20 6AM 
1X2A  - 9Y 3-100A2  V26 213 OAH5G  - OAF 8B88  VIII 9AJ 61,1\18  V17 9KR 
1X213 ..... .. - 9Y 3-100A4  V26 213 6AH6 . V15 7BK 6BT6  VIO 711T 131V6  VI7 71(3 
1 Y2  - 4P 3-150A2  V27 4BC 6AH7GT. - 88E 6BT8  V16 9113 61118  V17 9FA 
152  - 7CB 3-150A3  V26 4BC 6AJ4  - 913X 613U5  - 81P 6G5  - OR 
2A3  - 41) 3-200A3. V27 Fig. 28 6M5  - 71313 6BU6  VIO 711T 606G  V20 78 
2A-10  - 58 3-250A2  V27 271 13A37  - EIN OBUS  V16 9FG 6H4G I`  - 5AF 
2A5  - 6B 3-250A4  V27 2N 6A.I8  - W.-It 6BV7  - 913U 6115  - OR 
2A6  - 60 3-300A2  V27 4130 OAKS  V15 71113 6BV8  VIO 91.1 6116   V19 7Q 
2A7  - 70 3-300A3  V27 4130 6A K6  V15 7BK 6BW4  V24 91M 6118G  - 8E 
2AP IA  V30 111. 4 A6C.;  - SL 6AK7  - SY 6BW6  9AM 634  V17 713(2 
2134  SA 4032  - 271 OAKS  - 9E 6.15   V19 6Q 
2116  - 73 4034  V27 2N 6AL5  V15 6BT 613W7  - 9AQ 6J6  V22 7131 
2117  ---- 713 4(26  - Fig. 31 6A LOG  - 6AM 6BW8  V16 9HK 636A  V17 7BF 
21122  Fig. 22 4CX300A... V29 6AL7GT . V20 8CH 613X4  V24 5BS 636A  V25 7BF 
21325  V24 3T 40X1000. V29 - 6AM4  VIS 9BX 6BX6  - 9A Q 637  V19 7R 
213P1-11.... V30 12E 4021  V29 5BK 6AN15  - 6CH 6BX7GT V20 81313 638G  - SH 
204  - SAS 41)22  V28 Fig. 26 6AM6  - 7DB 613X8  VI6 9M 6K5GT  - SU 
2021  - 71111 41323  - 5BK 6AMS  V21 9CY 6BY5G  V24 (1CN 6K6GT  V20 78 

V2 



VACUUM-TUBE DATA 
Type Page Base 7'y pe Page Base Type Pape Base Type Pape Base Type Pape Base 

6K7   V19 713 7E7  V20 8AE 121)V7  V IS 9.11( 25C5  V22 7CV 89  6F 
6K8   V19 8K 7EP4  V30 11N 12DV8.. .. V18 9H11 25C60  — 7AC 90C I  V23 5130 
6L4 .   V21 7BR 7EV6  V22 7AC 12DVV5 . . . . V22 9CK 25C6GA.... V22 78 99  — 41) 
6L5(1  — 6Q 7F7  V22 SAC 12DW8  VIS 9JC 25CA5.... V22 7CV 100TH  V26 21) 
6L6  V22 7AC 7F8  V20 8BW 12DY8  VI8 9JD 25CD6G . . V22 5BT 100TL...... V26 21) 
6L6GA  V22 79 7G7  — 8V 12DZ6  VI8 7BK 25CD6GA. V22 513T 11111  213 
6L6GB  V19 78 7G8  — 813V I2E5G1... — 6Q 25CD6GB .. V22 5BT 112-A  — 4D 
6L6GX  — 78 7GP4  V30 14G 12EA6  VIS 78K 25CU6  V22 6AM 117L7GT. . . V24 SA0 
6L7  V19 7T 7117  V22 8V 12EC8  VI8 9FA 25D8GT... — 8AF 117M7GT... V24 8A0 
6M5  — 91,1 7.17  8BL I2ED5  V18 7CV 25DN6  V22 5BT 1 I7N7GT . . . V21 8AV 
6M6G  — 78 7JP I-1-7 . . . . V30 14R 12EF6  V22 78 25DQ6.... — 6AM 117N7GT... V24 8AV 
61117G . — 7R 77  V20 8BF 12E06  VI8 7CH 25EC6 .... V22 5BT 1 I7P7GT . .. V24 SA V 
6M8GT  — SAU 7L7  — 8V I2EK6  V18 7BK 25E115  V22 7CV 11723  V24 4C13 
6N4  — 7CA 7N7  V22 SAC 12EL6  VIS 7FB 25F5  V18 7CV 11724GT... — MA 
6N5  6R 7Q7  V22 SAL I2EM6 . . . . V18 91IV 25L6GT... V22 78 11726GT . . . — 7Q 
6N6G  7AU 7R7  — SAE 12E116  V2I 78 251160  7W 128A8  5A 
6N7  V19 8B 787  _ 8131, I2F5GT.. . — 5M 258  — 6M 150T  211 
6N7  V25 8B 7T7  — 8V 12F8  V18 9FH 25SA7GT . V22 SAD 152TH  V26 413C 
6N8  9T 7V7  — 8V I2FK6  VI8 7BT 25T  V25 3G 152TL  V27 4 BC 
6P5GT.. .. - 7VPI ... .. V30 14R I2FM6.. V18 7BT 25W4GT — 4CG 182-B  — 411 
6P7G  7W7.. ...... — 8BJ 12FP7  — 14E 25W6GT. V22 78 183  413 
61'8G  — 8K 7X6 _ 7,4.7 121,T6  V18 7I3T 25X6GT.... 7Q 203-A  4E 
6Q4  9S 7X7  _ 813z 12G4  V22 680 25Y4GT.... MA 203-11  311 
6Q5G  -- 2V 7Y4  — 5AB 12G7G  — 7V 25Y5  204-A  Fig. 39 
6116G7Z4  — 5AB legl4  _ 9CZ 2523  V24 4(1 205-D  41) 
6Q7  V19 7V 813P4  — 14G   — 148 2524  5AA 211  V26 4 E 
61(4  9R 9BM5  _ 713z 12H4  V18 71)W 2525  V24 6E 212-E  Fig. 43 
6R6G  — 6AW 9BW6  V22 7Q 2526  V24 7Q 217-A  4AT 

L- :fie Iffiln  6R7  Y19 7V 9NPI    — 11J 26  41) 2I7-C  4AT 
ORS  V17 9E 10  — 4D I2J5GT  V22 6Q 26A6  71311 227-A  Fig. 53 
684  V22 9AC 10E118  V22 9DX 12.17GT  V22 7R 26A7GT . — 8130 241-B  Fig. 44 684A  V17 9AC 
686GT  — SAK 10GP4  _ 14G 12.18   VIS 9GC 26BK6  713T 242-A  4E 

10HP4 .... .. — 14G 12K5  VI8 7EK 26C6  713T 242-B  4E 
687  V19 (7R  MGT  V20 8CB 10Y  V25 413 I2K7GT... V22 7R 26CG6  — 711K 242-C  — 4E 
68A7GT .. V19 8R 11/12  4F 12K8  V22 8K 26D6  — 7CH 249-B  Fig. 29 
68137Y  V19 8R 12A4  V17 9AG 12L6GT... V21 78 2625W  — 91(8 250TH  V27 211 
6SC7  V19 89 I2A5  — 7F 12L8GT — 8BU 27  5A 250TL  V27 211 
681)7GT.... V20 811 12A6  V21 78 12Q7GT... — 7V 2825  — 5AB 254  V26 211 
68E7GT... — 8N I2A7  — 7K 12115  V18 7CV 30   — 4D 254-A  — Fig. 57 
68E5  V19 6AB 12A8C; I . .. . V22 8A 121380T  V22 SCB 31  4D 254-B  — Fig. 57 
681.7  V19 7AZ 12A135  V17 9EU I2SA7  V22 8R 32  4K 261-A  4E 
6807  V19 8BK 12AC6  VI7 7BK 128(7  V22 88 32ET5  V18 7CV 270-A  — Fig. 39 
68117  V19 8BK 12A i)6  V17 7C11 128F5  V22 6AB 32L7GT . ... — 82 276-A  — 4E 
68117L  8BK 12AD7  V17 9A 1281.7  V22 7AZ 33  — 5K 282-A  Fig. 57 
6827  V19 811 12A EVA . VI7 7BT 12807  V22 8BK 34  — 4M 284-B  311 
68.17Y  V19 8N 12AE7  V17 9A 128H7  V22 8BK 35/51  5E 284-1)  — 4E 
68117  V19 8N 12AF6  V17 7BK 128.17  V22 8N 35A5  V21 (IAA 295-A  4E 
6S1.7GT.... V20 8BD 12A06  — 7C11 128K7  V22 811 35135  VIS 7B2 300T  211 
68N7GT.... V22 8BD I2AH7(1T... V21 8BE 128L7GT.. V22 8BD 35C5  V22 7CV 303-A  4E 
138N7GTA.. V22 8BD 12A118  — 913P 128N7GT.. V22 8131) 35L6GT .... V22 78 304-A  — Fig. 39 
(ISN7GTB.. V20 8BD 12AJ6  VI7 7BT 128N7GTA. V22 8BD 35T  V25 3(1 304-13  — 21) 
138Q7GT . . . VI9 8(1 12A1.5   V22 6BT 1286/7  V22 8Q 35TG  V25 213 304TH  V27 4I3C 
(18117  VI9 8Q 12AL8  Vil 908 128117  V22 861 35W4  V24 5BQ 304TL  V27 413C 
6887  VI9 8N 12AQ5  VI7 7BZ 128W7  to4 35Y4  — 5AL 305-A  — Fig. 59 
68T7  — 8Q I2AT6  V22 7BT 128X7  — SUD 3523  — 4Z 306-A  Fig. 63 
6SU7GTY .. V22 8BD 12AT7  V17 9A 128Y7  V2I 8R 3524GT  V24 5AA 307-A  — Fig. 61 
618 V7  7AZ I2AU6  V22 7BK I2U7  V18 9A 35250  V24 6AD 308-13  — Fig. 43 
6827  — 8Q I2A U7A .... V25 9A 12V6GT . .. — 78 35260  — 7Q 310  41) 
6T4  V17 713K I2A U7A .... Vil 9A 12W6GT. V22 79 36  5E 311  V26 4E 
6T5  611 12AV5GA... V22 6CK I2X4  V24 588 36A M3  V24 513(à 31ICH  — Fig. 32 
6T6GM  — 62 12AV6  V22 7BT 1223  — 40 37  — 5A 312-A  Fig. 68 
6T7  — 7V 12AV7  Vil 9A 1225  — 7L 38  51.' 312-E  — Fig. 44 

6T8  V22 9E l2AW6 .... V17 7CM 14A4  — SAC 39/44  — 51.' 316-A  V25 —6T8A  V17 9E 12AW7  7CM I4A5  — 6AA 40  — 41) 327-A  Fig. 50 

603  _ 6B54 12AX4(1T... 4CG I4A7  V22 8 V 4025GT .. .. — 6AD 327-13 ..... .. — Fig. 5V 
6U4GT  V24 4C0 12AX4GTA. — 4C0 I4A1.7   V22 SAC 41  V22 611 342-13  — 4E 
605  6R 12A X7  Vil 9A 14API-4 . . . — 12A 42  V22 613 356-A  — Fig. 55 
6060T  %":21) 78 I2AY7   Vil 9A 14136   V22 8W 43  — 611 36I-A  4E 
61770  711 12AZ7A .. Vil 9A 14138  — 8X 45  — 41) 376-A  — 4E 
6U8  V22 9AE 12134   V22 9A0 1405  — 6AA 4523  — SAM 417-A  V22 9V 
608A  V17 9AE 12134A  V17 9AG 14(7  — 8V 4525GT  — 6AD 482-13  41) 
6V3  9BD 12I36M  BY 14E6  — 8W 46  5C 483  — 41) 
6 V3A  9131) 1287  — 8V 14E7  — SAE 47  — 513 485  5A 
6V4  V24 9M 12B7M L.... 8V 1417  V22 SAC 48  — 6A 527  Fig. 53 
6V5GT  V20 6A0 12B8GT . ... 8T 14F8  — 8I3W 49  — 5C 559  — Fig. 10 
6V6  V22 7AC 12I3A6  V22 78E 1487  — 8V 50  — 4D 575-A  4AT 
6 V6GTA... . V19 78 1213A7  V22 8CT I4J7  — 8131. 60A5  V22 6AA 592  V27 Fig. 28 
6V70  7V 1211136  V22 7BK 14X1  V22 SAC 50AX6(1.... — 7Q 705-A  — Fig. 45 
6V8  V17 OAR 1213E6  V22 7CH 14Q7  V22 SAL SOBS  V18 7132 717-A  — 811K 
6W4GT 4CG 1211E6  V22 7/3T 14R7  — SAE 508E5  V22 9BQ 41) 
6W5C;  68 12BH7  9A 1487  — 813L 5005  V22 7CV 800  21) 
6W6GT  V20 78 I2BH7A.... VI7 9A 14V7  — 8V 5006G  V22 78 80IA/801... V25 41) 
6W70  711 12BK5  V22 9BQ I4W7  — 813.1 50C6GA . V21 78 802  613M 
6X4/6063... V24 70F 12BK6  V22 7BT 14X7  — 8BZ 50DC4  V24 5I1Q 803  V29 5J 
6X5GT  V24 68 12BL6  V17 7BK 14Y4  — 5AB 50L6GT... V22 78 804  Mg. 61 
6 X6C1  7AL 12BN6  V22 713F 1423  — 4G SOT  — 2D 805  V26 3N 
6X8  9AK 1213Q60A... V22 6AM 15 . .. .... — 5F 50X6  — 7AJ 806  V27 211 
6X8A  VI7 OAK 1213Q60T... V22 6AM 15A6  — OAR 50Y6GT . V24 7(à 807  V28 SAW 
6Y30  4A0 12B(./60T11. V22 6A51 15E  V25 Fig. 51 50Y7GT.... — SAN 807W.... .. V28 SAW 
6Y5  53 12I3R7A . . . V17 9CF 16.A5  — 9BL 50Z6G  V24 7Q 808  2D 
6Y60  V22 75 1213T6...... V22 7131 17  — 30 50Z7G  — SAN 809  V25 3G 
6Y6GA  V20 78 121306._ .. V22 713T I7Z3.. ... — 9CB Si  — 5E 810  V27 211 
6Y6GT  V22 78 I2BW4 ..... V22 9111 18  — OB 52  — 5C 811  V26 30 
6Y7G  8B 1213V7   Vil 9131, 181 B6.... VI8 7CC 53  — 711 811A  V26 3G 
6Z3  V24 4G 12BY7  V22 913F 18FX6  VI8 7CH 53A  — Fig. 53 812  V26 30 
6Z4  V24 513 12BY7A.... V17 913F 181,1'6  V18 7I1T 55  — 6G 8I2A  V26 3G 
6Z5  6K 1211Z6  V22 7C51 19  — c 56  — 5A 81211  3G 
6270  8B 12B27   V17 9A I9C1.8A  V22 9 EX. 58A8  — 5A 813  V29 5I1A 
6ZY5G  68 121.5  V22 7CV I9X3  — 913M 57  — 6F 814  V28 Fig. 64 
7A4  V22 SAS 12C8  V22 SE I9Y3  — 9BM 57A8  — 13F 815  V28 813Y 
7A5  6AA I2CA5  V22 7CV 20  — 41) 58  6F 816  V24 4P 
7A6  V22 7AJ I2CM6  V22 SICK 20A PI-4 .. — I2A 58A8  — 6F 822  — 311 
7A7  V22 8V 12CN5  V17 7CV 20.180M.. — 811 59  — 7A 8228  — 211 
7A8  V20 80 12C116  V22 7EA 2IA6  — VAS 70A7GT — SAB 826  V26 7130 
7A131..... -  8130 12C85  V22 9CK 2IA7  — 8AR 70L7GT — 8AA 828  V29 5.1 
7A p7sv 12CS6  V22 7011 2IEX6  V2I 513T 71-A  — 4D 829  713P 

SAC 1201'8  — OUA 22  — 4K 72  4P 829A  711P 
7A07  8V 12CU5  V22 7CV 24-A  — 5E 73  4Y 82913  V28 711P 
7A117  V20 8V 12CU6  V22 6AM 24-(1. .. V25 21) 75   V22 60 830  — 413 
7AJ7  8V I2CX6  V17 7I3K 24X11  V30 Mg. 1 75TH  V26 21) 83013  V26 30 
7A K7 ..... . V20 8V 12DB5  V22 9011 — 78 75TL  V26 2 I) 831  — Fig. 40 
7134  V22 SAC 1213E8  VI7 Fig. Si 25A7GT . . — 8F 76  — 5A 832  — 713P 
7115  V22 6AE 1213E5  V24 9138 25A C5(1T . . — fig 77  — 6F 832A  V28 7I1P 
7136  V22 SW I2DF7  V22 9A 25AV5(1A . — 6C1( 78  V22 6F 833A  V27 Mg. 41 
7137  V20 8V 121)K7  V17 9HZ 25A V5GT . — 6C K 79  — 611 834  — 21) 
7138  V22 8X 121)L8   V17 91111 25A X4GT.. — 4CCI 80  V24 40 835  — 4E 
7( '4  4AH 121/Q6A.. . . V22 6AM 25115  — 61) 81  — 413 836  V24 4P 
7( '5  V22 6AA 1211Q7  Vi8 98F 25136G  — 78 82  — 40 837  V28 6I3M 
706  SW 121)S7A  VIS WU 251180T ... — ST 83  V24 4C 838  — 4E 
707  V20 8V I2DT5  V22 0H11 25131(5 ... . — 9BQ 83-V  V24 4AD 840  — 52 
7D7  8AR I2DT7  V18 9A 2513Q60 A . V22 6AM 84/624  V24 51) 841  — 41) 
7E5  V2I 8BN I2DT8  V22 9DE 2511Q6G r . V22 6AM 85  — 6G 841A  — 30 
7E6  8W 121307  V18 9JX 2513Q6G ru . V22 6AM 85A8  — 60 8418W  3G 

V3 



CHAPTER 25 
Type Page Base Type Page Base Type Page Base Ty pe Page Base Type Page Base 
843  - 5A 1644  - Fig. 4 6063  V24 7CF 9006.. ...... VI8 61311 NU2C35.... - Fig. 23 
844  - 5AW 1854  - 2Z 0   V22 7DB AT-340  - 511K PE340  - 5BK 
849  - Fig. 39 1802P1-11.. V30 11A 6606651  V22 7D8 AX9900  V28 Fig. 3 PL172  V29 - 
850  - Fig. 47 1805P1-4.. V30 11A 6068  V22 713T AX9901  AX9903  V27 Fig. 3 PL6549  V29 Fig. 14 
852  - 21) 1806P1  V30 IIN 6067  V23 9A AX9905  V28 Fig. 7 PL6569  V27 Fig. 3 
860  - Fig. 58 1851  - 711 - 9A - Fig. 20 PL6580  V27 513K 

V19 8N 6072  6073  - 4D 861  - Fig. 42 1852   V23 580 AX9909.... - Fig. 5 RK10  
864  - 41) 1853   V19 811 6074  V23 5130 AX9910  -- V28 Fig.? RK11  - 30 
865  - Fig. 57 2002  V30 Fig. 1 6080  V23 8BD BA  - 43 RK12  - 30 
866  - 4P 2005  V30 Fig. 1 6082   - 43 - 4D 
866A-AX.... V24 4P 2050  V23 SUA 6083  V21 14135 1311    - 411   - 5A 

RK15  

86611  V24 4P 2051  - SBA 8084  - goj 0E220  CK1005  - 4P Rite  
11AT6 

-___ 45:g. 
8661r  V24 411 2523N/128A. - 5A 8085  - 9A - 5AQ 11K18  - 3(1 
871  - 4P 5514  V26 4130 6086  - 40 

- Fig. 61 872A/872... V24 4AT 5516  V28 7CL 6087  - 5BU 6101  - 9BK cCK7,1000087  - 61 13R31327 11K19    - Flg. 73 111(20  
RIC20A  874  - 48 V23 78F - 41, 

878  - 4P 5517  5556  till 30 Mg  V23 NA nee . __ 2143.15 111(21  - 4P - Fig. 52 879  - 4AB 5582  
- 7BD 6138  V23 9A 884  V23 6Q 5590  RK22  - 6BM 

885  - 5A V22 7BD 6137    V23 9A R1C23  - 413 
902A  5591   V30 8CD 5608  - 7131) 6140  V23 867B13NTK EEE EE+8511  

1.E'F12630A  V23 9A 11K24  
905  V30 511P 5608A  713 9BZ F127A  - 90 RK25  Y28 6BM  - 6BM 
905A  V30 51311 5610  6141  - 6CG 6146  - Fig. 15 RRICK2286B  - 53 
906P1-11.... V30 7AN 5618  - 7C11 6155  V28 7CK - Fig. 15 RK28A  - 53 
97  V30 58P 5651  V23 5B0 6156  V29 511K V29 58K 084  V24 48 - 2D 
908A  V30 70E 5654  V22 7BD 6157  

Fig. 36 GL2C39A V28 - RK30  - 3G 
909  - 5BP 5656  - 9F 6158  GL2C39B V26 - RK31  - 2D 
910  - 7AN 5662  V23 Fig. 79 6159  9A RK32  GL2C44.. - Fig. 9 RK33  GL5C24 - Fig. 69 
911  - 7AN 5663  V28 7CK V21 Fig. 34 GL146  V27 Fig. 15 R1C34  V25 Fig. 70 
913  V30 913 5670  V22 8CJ 6197  

- 7CE 6173  
V26 Flo. 56 RK35  - 21) 

V26 Fig. 21 6201  913V GL152  914A  - 611F 5675  V22 7CX 6211  V23 9A GLI59  V26 Fig. 56 11K36  - 2D 93013  V26 3111 5679  9A - Fig. 56 11.1(37  - 21) 
938  - 4E 5686  6216  GL169  

_VV 1188 9F9110ig. 38 66222187  Fig. 37 GL448A - Fig. 68 111{38  - 2D 
56 950  - 5K 87  

- 4M 5690  9CG 
GL446B - Fig. 11 11K39  - SAW 

951  
V22 8131) 6252  98A 

GL464A - Fig. 11 RK41  - SAW 
954  V21 51113 5691   V28 Fig. 7 0L559  - Fig. 9 RK42  - 4D 

V22 8111) 6263 955  V2I 580 5692     V25 - Fig. 10 RRKK4443  - 13C 
955  V25 580 5893  V19 8N V25 GL6442 V25 -   - 68M 
956  V2I 5813 5694  6264  V- 23 en zee  V23 7CM GL6463  - 9CZ RK46  _-- :Fiiigg3 .1 666441 GL8012A... V25 Fig. 54 RK47  957  - 5BD 5666  

- 5813 5722  V18 5CH 6299  9CT HIIFD62003A.. . - 3N 11K48  958  V2I 
HF75  RK48A  958A  V2I 5131) 5725   V22 7CM 6308  V23 8EX   - 21.) - Fig. 64 

958A  V25 51313 5726  VV2232 788BNT 66335504  
- 5I3C 6360  VV2233 9C}64Z. 12 HF100  HFI20  - 2 I) - 6A 959  V2I 513E 5727  - 213 RK49    - 30 

967  V23 30 V22 7BK 6374  - 4F RR KK 5621  - 3G V28 Fig. 13 HF140...... - 4F 975A  5731  - 4AT 5749  11K56  - SAW 
991  V23 - 5750  V22 7C11 6386  VI8 89CBT HHF2F1 0750  - Fig. 46 RRKK6587  

- 031N  6 

- 3.Nig. 

1003  - 411 V28 9K   - 2N V22 9A 6417  1005  5751  - 93 6443  11F201A.... V27 Fig. 15 111059  
6485  9BW  HF250  - 211 HF300  V23 - 

1006  - 5A@ 5755  
4C 5763  VV2285 111C24  RK61   1201  V21 88N 5764  94. 21 6524  V23 78K - 4D RRKK6632  

1203  - 4AH 5765  - Fig. 21 6660  V28 Fig. 713 V23 7CC HK54  VV2257 320N 
RK63A  - 2N 

1204  - 880 5766  V26 213 - 2N -___ 5FA64W. 48 1206  See 2C37 6661  See 2C37 6662  V23 7CM HHKK51574   V23 7CM - Fig. 33 RK64  
11K65  1221   - 811V 5767  

HIC158  - 21) V22 6F 5768  V21 Fig. 21 6663  V23 8BT 
1223  V22 711 5794  - Fig. 21 6669  - 21) R   HK252L - 4BC RK75  - Fig. 61 
1229  - 4K V23 9BV - Fig. 61 
1230  - 41) 5812  5814  - vA 

7,.C61 6677  6678   V23 9AE HIC253  •••• - 4AT RK100  H11E225647  - Fig. 67 
1231  - 8V 58I4A  V22 9A 6679  V23 9A - 2N RK705A.... - Fig. 45 
1232  - 8V 5823  V23 4CK 6680  V23 9A   V29 713M 11K866  - 4P 
1265  V23 4 33 5824  V23 9A HIIKK32045711 :::: V29 78M T20  V25 30 
1266  V21 7S 411C T21  13A 6681  

V29 F113.77 HK354  V25 30 1267  V23 1 • J 5825  - 4P 6816  2N T40  
V26 3G V23 4,• 68 V23 9A 11K3540.... - 2N T55  

1273  - b V 5839  5842  V28 Fig. 76 

TTT 61002 05  

V18 9V 6829  6850  HK3541.) - 2N   - 2D 
1274  - GS 5844  7BF 6883  - 5CA 6884   V28 7CK 11K354E ."•« - 211   - 213 
1275  - 40 5845  V29 Fig. 77 oK354F • • • : 
1276  - 41) 5847  - 9X 2N 111(45411...... - 211 TT320000  2N V27 21,1 V18 6BT 
1280  - 8V 68 6893  V28 701( HIIH K:16486454L..... - 211   V27 - 1284  - 8V 5852  5857  9AB 6897  V23   - 214 TT:31345  - 311 
1291    V28 Fig. 3 6907  Fig- 7 HV12  - 311 T822  - 311 

  - Fig. 30 1293  -- 47AB AE  58586667  V27 Fig. 3 6939  Vv2188 611;61.1.13 
11V27  - 211 

TT IVU17.256  
1294  - 4AH 5871  V22 7AC 6973  
1299  - Fig. 21 7000  3N 2T V23 711 HY13.15GTX. 1602  - 61311 5876  

- 413 5879  V18 9AD 7025  6Q 213 
1603  - 6F V22 7AC 7027  Vv2200 SILT 

HHJ Y62245L6GTX. - 7AC TW150  
TTZZ4209  - 2N   V25 30 

1608  41) 5881  5890  V23 123 
V25 Fig. 21 77003354   V29 Fig. 75 V29 Fig. 75 HY302  41) 

  - 30 V25 30 
1609  1610  V21 513 5893  

- Ing.62 5894A  V28 FIg. 7 7077  
V22 6AR 7094  V21 HY31Z  

V29 Fig. 82 HY40  480 UE100  - 2D V25 Flg.60 0UHE43668  Fig. 32 
1611  - 7S 5910  

V22 7011 7137  V23 7B@ HY4OZ  311 30 UH50 1612  V19 7T 5915  
- 7BF 7258  VI8 9DA HY5IA  - 3G Ut151  - 21) 

1613  5920  31.1 213 
1614.. ...... V28 7AC 5933  V28 SAZ 7360. Chap. II 9KS Hy61R  V28 9LK 11Y51Z  30 V70  - 311 
1616  - 4P 5961  - 811 

HY57  11Y60  3N 
1619  V28 Fig. 74 6962  7551  V23 2AG 7558  480 V70A  
1620  VI9 711. 5963  V22 9A 7700  V23 13F 3G V70B  30 311 
1621  V19 78 5964  V22 7I3F 8000  V27 211 11Y61  V29 711M HY83  SAW V700  V26 3G 
1622  V19 7AC 5965  V22 9A 8001  HY65  SAW V7013  V23 4/33 Fig. 72 VR75   
1623  V25 3G V26 311 111(137  V23 4AJ 1624  5993  V28 Fig. 66 5998  - Fig- 35 8003  V23 8131) 8005  Fig. 72 VR90  V23 4AJ 
1625  V28 SAZ 6005  - 7BZ 8008  V26 3G - Fig. 8 HY69  Fig. 65 V.11105   V23 4AJ 
1626  - 6Q 6023  - 9C1.1 8012  V25 Fig. 54 ilH Yy7755A  2T Fig.64 vV11 161 250    - 41) 
1627  - 211 6026  V25 F18.18 8013-A  - 4P 1628  - Fig. 54 6028  - 7B13 8016    V25 2T vrT92671A.... V26 Fig. 53 
1629  - 611A 6046  - 713F 8020  - 30 

- 4P HY114B.... V25 2T 
HY615  V25 4AQ HY801A    V25 - V25 Fig. 71 WE304A  - 213 

1631   V22 7AC 6046  V22 7AC 8026  
V18 7111) HY8661r.. 413 Fig. 2 Fig. 6 1632   6057  V22 9A X6030  4P XXB  

1633  V22 78 - 8813 6058  9001  V22 6BT 9002  VIS 788 HY123IZ... V25 Fig.60 XX!)  V23 8AC 
1634   V22 88 6069  V22 9BC 9002  V25 7138 HYI269... V28 Fig.65 XXI   5AC 
1635  V20 811 6060  V22 9A 9003. VIS 7813 11YE1148... V25 Fig. 71 XXFM  

V2I 4113 KT66  88Z 1641  - Fig. 52 6061  V22 9AM 9004  - 21.) 
1642  - 71111 6062  - 9K 9005  V21 5I3G KY21  V23 7A(.1 ZI360  V23 28120  - 4E 

SEMICONDUCTORS 
Type Page Type Page Type Page Type Page Type Page Type Page Type Page 
11134  V32 1N68  V32 INDS  V32 2N35  V3I 2N175  Val 211372  V31 Ch.768  V31 
1N34A  V32 1N68A  V32 1N126A.. V32 21143  V31 211218  V31 211374  Val 11131  V32 
11135  V32 1N69A  V32 1N127A.. V32 21144  V31 211219  V31 2N376  ni MI V32 
1 N38  V32 1N70A  V32 1N128  V32 2N68  V3I 211233  V31 2N384  V32 
1N38A  V32 1N77A  V32 1N151  V32 2N78  V3I 211247  Val 2N411  V31 H84  V32 
1N39A  V32 1N81  V32 111152  V32 2N94  VII 2N248  V31 211412  V31 11115  V32 
11148  V32 11182  V32 1N153  V32 2N94A  V i 1 21,1255  V31 2N428  Val HB6  V32 
1N52A  V32 1N82A  V32 111158  V32 2N104 V.11 211256    Val M150  V32 
1N54A  V32 11189  V32 1N191  V32 211105  VII ',X270  ni g 4594-91  Val 51500  V32 
1N55A-11... V32 11190  V32 111192  V32 2N107  V 1 • N274  V31 214561  V31 GC71  V31 
1N56A  V32 11191  V32 1N198A... V32 2N109  VII ., V292  V31 2NS88  Val 0072  V31 
1N58A  V32 1N95  V32 1N279  V32 2N123  V I 2N301  V31 103100  V i 1 2N588  V31 
IMO  V32 IN116  V32 1N283  V32 2NI31  Vii 2 N301A.... VIS  V32 
1N63  V32 IN97  V32 1N294  V32 2NI32A.. V I "'   2N677  V31 V20  V i2 
11164  V32 11198  V32 1N295  V32 2N139  VI ! ',N307  Val 2N1014  V31 V27  Vi2 
11,165  V32 11199  V32 1N448  V32 211140  VII ' ,V131. V31 2N 1102  V3I   V32 
1N66  V32 1 N100  ', V32 1N634  V32 2N155  V 1 X351  V31 2N1266  V3 1 V39  V31 VV32 
1N67  V32 1N116  V32 1N636  V32 211167  3 2 N370  V3/ A0-1  V4733  V32 
1N67A  V32 1N117  V32 2N34  Val 2N169A. V31 2N371  V31 CK722  V31 V56  V32 

V4 



VACUUM-TUBE DATA V5 

3G 

4AH 

4BB 

4G 

4R 

SA 

VACUUM-TUBE BASE DIAGRAMS 
Socket connections correspond to the base designations given in the column headed -Base- in the classified tube-data tables. 

Bottom views are shown throng! t. T ' I designations are as follows: 

A = Anode D = Deflecting Plate IS = Internal Shield RC = Ray-Control Electrode 
B = Beam , F = Filament K = Cathode Ref = Reflector 
BP = Bayonet Pin FE = Focus Elect. NC = No Connection S = Shell 
BS = Base Sleeve G = Grid P = Plate (Anode) l'A = Target 
C = Ext. Coating li = Heater Pt = Starter-Anode U = Unit 
CL = Collector IC = Internal Con. Pap = Beam Plates • = Gas-Type Tube 

Alphabetical subscripts D. P. T and H X indicate. respectively. diode unit. pentode unit, triode unit or hexode unit in multi-
unit types. Subscript CT indicates filament or heater tap. 

Generally when the No. I pin of a metal-type tube in Table II. with the exception of all triodea, is shown connected to the 
shell. the No. I pin in the glass (G or ( IT , C mivalent is connected to, an internal shield. 

E.I.A. (R.E.T.M.A.) TUBE BASE DIAGRAMS 

20 

3N 

4I3G 

4G13 4CG 

JI.1161 

4H 

JUMP 

45 

5AA 

31 

4AM 

4BJ 

4CK 

BP 

21 

449 

440 

4B0 

40 

4K 

5A111 SAC 

IC 

NC P 

2Z 

NC 

4AC 

4AT 

4811 

4E 

G. 

4M 

SAD 

SC 

4B 

4G 

4F 

4P 

4Z 

5AF 



V6 CHAPTER 25 

5AG 

SAS SAW 

5BJ 

5BS 

5CE 5CB 

5J 

6AA 

SAZ 

58E 

50 

5M 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

5BC 

6AB 6AD 6AE 6AF 6AM 

5T 

SAL SAM 

5AY 

5BD 

5E40 

5BU 

5CF 

5L 

5U 

5AP SAO 

58 5BA 

580 

5C 

5e 

50 5R 

52 

58G 

5BR 

5CA 

5F 

6A 



VACUUM-TUBE DATA V7 

6AX 

6BH 

6E0( 

6CH 6CK 

P, 

6G 

60 

TUBE BASE DIAGRAMS 

Bottom views are slims n. Terminal designations on sockets are given on page V5. 

6AP 

68 

6BM 

6C 

6H 

6R 

7AC 7AD TAG 

6Y 

6AR 6AS 

6CA 6C8 6CC 6CG 

6J 

6Z 

688 

6K 

6S 

7A 

TAM 

6AU 6AW 

6BT 

6B6 

68W 

60 6E 6E 

6W 

F— F F 

NC NC 

TAB 

G 

7AJ 7AK 



V8 CHAPTER 25 

7AL 

7BH 

7BZ 

7CF 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

7BA 

78J 

7BP 7B0 

G, 

7AU 

768 

7C 

7CH 

7CO 7Cli 

7DB 7DC 

7AV 

7BC 

7BK 

7BR 

7CA 7CB 

7CJ 

NC 

TAX TAZ 76 

7A0 

160 76E 

7BM 

78S 

10E 7DF 

7CX 

7BN 

787 

7CC 

F‘.2 

7CL 

G, 

2 F,, 

Gt 

7CY 

G 

H 

7DH 

7AQ 

7BF 

7130. 

7CM 

10 

7DK 



VACUUM-TUBE DATA 

701 7DW 

7G 7H 

ZEN 

7R 

7Z 

8AF 

BAR 

7S 

8A 

BAG 

BAY 88 

88J 8BK 

TUBE BASE DIAGRAMS 

Hot 10111 s iess are sham ii. Terminal designations on sockets are given on page VS. 

7E 7EA 

7F 

7J 

77 

8AA 

BBL 

7FB 

7K 

70 

BOA BBD 

BAL 

8AV 

BON 

7E0 

7L 

V9 

7EK 

7F0 

70 

7V 7W 

BAC 8AE 

8AW 8AX 

88E 8BF 

880 8BS 



v10 

8CB 

8CS 

BEZ 

8L 

9AE 

CHAPTER 25 

TUBE BASE DIAGRAMS 

Bottom iews are shown. Terminal designations on sockets are given on page V5. 

88V 

8F 

8N 

9AG 

8CH 

à 

8FP 

80 

8V 

8BY 

8CJ 

BE 

8FV 

RIA 

80 

8W 

8Z 9A 9AA 9AB 9AC 9A0 

K,3 7i. 

GT. 

P, • IS 

9AH 984 

G, 

NG 

8BZ 

8CK 

BEL 

8JC 

BC 

8C0 

8EX 

8G0 

8K 

8S 

8Y 



VACUUM-TUBE DATA V11 

9A0 9AR 

98A 

G 

9BJ 

982 

9DA 9DE 9DJ 

9DT 

9ED 

TUBE BASE DIAGRAMS 

Bottom itn4 s are shown. Terminal designations on sockets are given on page V5. 

988 

98S 9BU 98V 9BW 9BX 9BY 

9C 

9CG 9CK 9CT 9CV 9CY 9CZ 

90W 

9EF 

98C 980 9BF 9BG 

9DX 

9E9 

9BM 

9CB 

ACC 

NC DU 

DEF, 

9DP 

9EN 

NC 

NC 

9AX 

98P 

9CD 

9DR 9DS 

9E 

9ER 

980 

9CF 



V12 CHAPTER 25 

9 EU 9 EW 9F 

9FG 

9FZ 

9HN 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets arc given on page V5. 

G, 

G, 

9G 

9FH 

9GR 

9HR 

9FJ 9FN 9FT 

9GC 

9GS 

9HV 

9 L 

9FA 

9 H 

9HZ 

9JX 

9 LK 

9FC 

9GF 

9HF 

9J 

9K 

9M 

91J 

9% 9Y 92 913 11A 

90 9R 9S 9T 

9FE 

9FX 

9HK 

G, 

9KA 

NC 

9N 

9V 

/IC 



VACUUM-TUBE DATA V13 

N 

NC 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page VS. 

IIV 

14 A 4G 14 H I4J 

14 V 

FIG6 

FIG.12 

N P NC 

NC 

FIG.18 

FIG.24 

G. 

II L 

I4B 

I4P 

FIG. 7 FIG.9 FIG.I0 FIG. II 

FIG. 13 

FIG. 19 FIG. 20 

FIG. 26 FIG. 27 FIG. 25 

II M 

12E 

14E 

FIG.2 

IIN 

I 2F 

I4R 

FIG.3 

PIN 
FIG. 15 

H H 
FIG 21 

II S 

12 J 

I4S 

FIG 4 

I 17 

127 

14 U 

FIG. 5 

FIG. 16 FIG. Il 

FIG.22 FIG. 23 

FIG. 28 FIG. 29 
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FIG 30 

FIG. 36 FIG. 37 FIG 38 

FIG. 42 

FIG. 60 

FIG. 78 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

FIG. 31 

Fc, 

FIG 54 FIG. 55 

FIG. 61 FIG 62 

FIG 72 FIG 73 

FIG. 67 

PITE 

FIG 32 

FIG. 50 

FIG 56 

FIG. 68 

FIG 44 

Fe, 

FIG 74 

FIG 33 

FIG. 39 

FIG 45 

FIG 51 

FIG 57 

FIG 63 

FIG 69 FIG 70 

C 

H 

FIG, 34 

FIG. 40 

SLOT 

FIG 46 FIG. 41 

FIG 52 

FIG. 58 

FIG. 64 

FIG. 75 FIG. 76 

FIG 79 FIG. 80 FIG 81 FIG. 82 

c'IG 35 

FIG. 41 

SLOT 

FIG 53 

FIG 59 

FIG 65 

FIG. 71 

FIG. 77 

FIG 83 



V15 
TABLE I-MINIATURE RECEIVING TUBES 

Typa Name 11814 

NI. or 
Ilealer 

Cepacilances 
pd. >: 

11 E.2 1.; 
Oil 

if 
.II> 

id 
JR 

id 
47.X 

i 
8 

ji 
am 

1 
e Ê 
il 
e- m 

.1 
te 4,2 

i 

.6 
0 

lift 
...ei 

3 

e 0 V. Amp. C.. C... C, 

113 H.I. Diode SAP 1.4 0.15 - -- - Max. a.c. vol age per plate -117. Mox. output current -0.5 ma. 

11F4 Sharp Cot-oil Pent. 6AR 1.4 0.025 3.8 7.6 0.009 90 0 90 0.55 1.8 1.8 meg. 1050 - - - 

)NS Diode- Remote Cut-off Pent um 1.4 0.05 - - - 67.5 0 67.5 0.35 2.1 WOK 630 - - 

Sharp Cut-off Pent. 6AR 1.4 0.05 3.6 7.5 0.008 90 0 90 2.0 4.5 350K 1025 - - - 
.4 

Pentogrid Cony. 7DC 1.4 0.05 7.5 12 0.3 90 0 45 0.6 0.5 650K 300 - - - 
.6 

tS Pentogrid Cony. 7AT 1.4 0.05 7.0 12 0.3 90 0 67.5 3.5 1.5 400K 280 Grid No. I 1COK 

14 Pentogrid Pwr. Amp. YAV 1.4 0.1 - - - 90 -7.0 67.5 1.4 7.4 100K 195 - 8K 0.270 

A'.. 6AU 14 005 - - 
67.5 0 67.5 0.4 1.6 600K 625 - - - 

90 0 90 Screen Resis or 3 meg., grid 10 meg. I meg. 0.050 IS Diode- Pentode Rt AAmp . 

14 Variable-sr Pent. 6AR 1.4 0.05 3.6 7.5 0.01 90 0 67.5 1.4 15 500K 900 - - - 

114 Sharp Cut-off Pent. 6AR 1.4 0.05 3.6 7.5 0.01 90 0 90 0.5 1.6 1 meg. 900 - - - 

LIS Diode Pentode 611W 1.4 0.05 - - - 67.5 0 67.5 0.4 1.6 600K 625 - - - 

At Amp. 

60 0.65 9.5 6.6 02 
250 450• 250 3.3, 7.4 442 63K 3700 40, 4.5K 4.5 

250 225* 250 6.6/ 14.8 882 - - 80, 9K, 9 
Bearn Pwr. As Amp.' 7C0 250 -25 250 3/13.5 822 - - 48, 8K, 12.5 E30 Pent. Alit Amp., 

250 -30 250 4/20 1202 - - 40, 3.8. 17 
AB, Amp., 

IASI Sharp Cut-off Pent 7EW 2.4 0.60 3.8 2.3 0.06 250 -1 150 - 10 150K 8000 - - - 

ENS: Dual Diode 7FL 2.1 0.45 - - - Max. ac, no toge per plate-200 Mon. output current-5.0 ma. 

A4 Pwr. Amp. Pent. 711B 
1.4 0.2 

4.8 4.2 0.34 
135 -7.5 90 2.6 14.92 90K 

1900 - 8K 
0.6 

150 -8.4 90 2.2 14.12 100K 0.7 
2.8 0.1 

AS Hi. Dual Triode', 711C 
1.4 0.22 

0.9 1.0 3.2 90 -2.5 - - 3.7 8.3K 1800 15 - - 

2.8 0.11 

DK6I Sharp Cut-off Pent. 7CM 3.15 0.6 6.3 1.9 0.02 3fX) -6.5 IW 3.8 12 - - - 

CM Pwr. Amp. Pent. 78A 
1.4 0.1 

5.5 3.8 0.2 
2.1 9.5 100K 2150 10K 0.27 

90 -4.5 90 
1.7 7.7 120K 2003 10K 0.24 

2.8 0.05 

S4 Pwr. Amp. Pent. 78A 
1.4 0.1 

- - 
1.4 7.4 195 

8K 
0.27 

90 
-7 67.5 

1.1 6.1 
100K 

1425 0.235 
2.8 0.05 

IEW6: Sharp Cut-off Pent. 7C81 4.2 0.6 10 2.4 0.04 300 -3.5 180 3.2 II - 1400 - - - 

iAli,1 Uhf. Triode SCE 6.3 0.15 2.2 0.5 1.5 250 200• - - 10 10.9K 5500 

.ADS Dual Diode- Pent. 9T 6.3 0.3 4.0 4.6 0.002 250 -2 85 2.3 6.7 I meg 1100 - - - 

.f Al Amp. U.h.- 7DK 6.3 0.225 2.2 0.45 1.9 
80 150. - - 16 2.27K 6600 15 - - 

100 10K11 - 0.0 22 - - - - - .,F4A 
Triode Osc. 993 Mc. 

eAOS Sharp Cut-off Pent. 780 6.3 0.3 6.5 1.8 0.03 
250 180* 150 2.0 6.5 800K S000 - - - 

100 180. 100 1.4 4.5 600K 4550 - - - 

Sharp Cut-off Pent. AmP. 78K 6.3 0.45 10 2.0 0.03 
300 160* 150 2.5 10 500K 9600 - - - 

150 160* -- - 12.5 3.6K 11K 40 - - ,AH6 Pent. Triode Amp. 

'Am Uhf. Triode 98X 6.3 0.225 4.4 0.18 2.4 125 68* - - 16 4.2K 10K 42 - - 

kAK 5 Sharp Cut-off Pent. 78D 6.3 0.175 4.0 2.8 0.02 

180 200 120 2.4 7.7 690K 5100 - - - 

150 330• 140 2.2 7 420K 4300 - - - 

120 200. 120 2.5 7.5 340K 5000 - - - 

bAK6 Pwr. Amp. Pent. 7BK 6.3 0.15 3.6 4.2 0.12 180 -9 180 2.5 15 200K 2300 - 10K 1.1 

hA11.5 Dual Diode. 6BT 63 0.3 - - - Max. r.m.s. voltage - 117. Max. d.c. ou put current -9 mot 

!AM4 Uhf. Triode 98X 6.3 0.225 4.4 0.16 2.4 150 103. - - 7.5 10K 9000 90 - - 

kAMItrflt Diode- Sharp Cut-off Pent. 9CY 6.3 0.45 6.0 2.6 0.015 200 120* 193 2.7 11.5 600K 7000 - - - 

SAW Uhf. Triode 7DK 6.3 0.225 2.8 0.28 1.7 200 1CO• - - 13 - 10K 70 - - 

BANS Beam Pwr. Pent. 71D 6.3 0.45 9.0 4.8 0.076 120 1202 120 12 35 12.5K 8C00 - 2.5K 1.3 

Medium-p Triode 90A 6.3 0.45  
2.0 2.7 1.5 200 -6 - - 13 5.75K MOO - - - 

7.0 2.3 0.04 200 180* 150 2.8 9.5 30K 6200 - - - &AIWA t 
Sharp Cut-off Pent. 

bACI5At Beam Pwr. Pent. 7BZ 6.3 0.45 8.3 8.2 0.35 
UM -8.5 180 3/4 302 58K 3700 29, 5.5K 2.0 

250 -12.5 250 4.5/7 472 52K 4100 45, 5K 4.5 

6A06 
Duol Diode- 
High-p Triode 

78T 6.3 0.15 1.7 1.5 1.8 
1CO -1 - - 0.8 61K 1150 70 - - 

250 -3 - - I S9K 1200 70 - - 

BARS Pwr. Amp. Pent. 6CC 6.3 0.4 - - 
250 -16.5 250 5.7/10 152 65K 2400 34, 7K 3.2 

250 -18 250 5.5/10 332 68K 2300 32, 76K 3.4 

BARS Sheet Beam 9DP 6.3 0.3 - - - TV Color Ckts.-Synchronous Detector- Burst Gate 

6A55 Beam Pwr Amp. 7CV 6.3 0.8 12 6.2 0.6 150 -8.5 110 2/6.5 362 - 5603 35, 4.5K 2.2 

6AS6 Sharp Cut-off Pent. 7C/A 6.3 0.175 4 3 0.2 120 -2 120 3.5 5.2 110K 3200 - - - 

BASS Diode- Sharp Cut-off Pent. 905 6.3 0.45 7 2.2 0.04 200 180. 150 3 9.5 300K 6203 - - - 

6AT6 Duplex Diode- High-p Triode 7$T 6.3 0.3 2.3 1.1 2.1 250 -3 - - 1 58K 1200 70 - - 

Medium.» Triode 9DW 6.3 0 .45 
2 0.5 1.5 100 1CO• - - 8.5 6.9K 5800 40 - - 

4.5 0.9 0.025 250 200* 150 1.6 7.7 750K 4600 - - - 6ATIAI Sharp Cut-off Pent. 

6AU6A: Sharp Cut-off Pent. 711K 6.3 e3 5.5 5 0.0035 250 68* 193 4.3 10.6 I mea. 5200 - - - 

Medium-p Triode 9DX 83 e6 2.6 0.34 2.2 150 150• - - 9 8.2K 4900 

7.5 3.4 0.06 200 822 125 3.4 15 150K 7000 - - - 6AU8A: 
Sharp Cut-off Pent. 

6AV6 Dual Diode- High-sr Triode 7ST 6.3 0.3 2.2 08 2.0 250 -2 - - 1.2 62.5K 1600 100 - - 

High-sr Triode 9DX 83 0.6  
3.2 0.32 2.2 203 -2 - - 4 I7.5K 4000 70 - - 

II 2.8 0.036 200 180. 150 3.5 13 400K 9000 - - - 6AW8A : Sharp Cut-off Pent. 

Medium-p Triode 9AE 6.3 045 
2.5 1 1.8 150 S5. - - 18 5K 85C0 

5 3.5 0.006 250 120• 110 3.5 10 400K 4800 - - - 6AX11 
Sharp Cut-off Pent. 
Medium-p Triode 9ED 6.3 0.45 

2 1.7 1.7 200 -6 - - 13 5.75K MOO 19 - - 

6.5 2.2 0.02 200 180. 1S3 3 9.5 300K , 6000 - - - 6AZI1 Semiremote Cut-off Pent. 

6$A6 Remote Cut-off Pent. 78K 6.3 0.3 5.5 5 0.0035 250 68* 100 4.2 11 1 meg. 4400 - - - 

61A7 Pentogrid Cory. ICY 6.3 0.3 Osc. 20Kft 250 -1 100 10 3.8 I meg. 950 - - - 

Medium-p Triode 9DX 6.3 06 
2.5 0.7 2.2 200 -8 - - 8 6.7K 2700 18 - - 

11 2.8 0.036 203 180* 150 3.5 13 403K 9000 - - - 68A8A: 
Sharp Cal-oil Pent. 

MICA Uhf. Medium-sr Triode 901 6.3 0.225 2.9 0.26 1.6 150 1CO• - - 14.5 4.8K 10K 48 - - . 

MICS Sharp Cut-off Pent. 7110 6.3 0.3 6.5 1.8 0.03 250 180* 150 2.1 73 80011 5700 - - - 

68C7 Triple Diode 9AX 6.3 0.45 Max. diode current per plate = 12 Ma. Max. htr.-coth. volts = MO 

611C8 Medium.» Dual Triode. 9AJ 6.3 0.4 2.5 1.3 1.4 150 220* - - 10 - 6200 

6506 Remote Cut-off Pent. 711K 6.3 0.3 4.3 5.0 0005 
100 -1 100 5 13 ISOK 2550 - - - 

250 -3 1C0 3 9 BOOK 2000 - - - 
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68E6 Pentagrid Con, 701 6.3 0.3 Osc. 20K0 250 U. 100 6.8 29 1 meg. 475 - - - 
68 E84 

Medium-p Tri ode 
9E0 6.3 0.45 

2.8 1.5 1.8 150 - - 18 5K 8500 
Sharp Cut•off Pent. 4.4 2.6 0.04 250 68' 110 3.5 10 400K 5200 - - - 68F5 Beata Pwr . Amp. 71Z 6.3 1.2 14 6 0.65 110 -75 110 4/10.5 392 I2K 7500 36. 2.5K 1.9 68F6 Dual Diode-Medium.p Triode 767 6.3 0.3 1.8 0.8 2 250 MIN - - 9.5 8.5K 1900 16 10K 0.3 68145 Remote Cut.off Pent. 9AZ 6.3 0.2 4.9 5.5 0.002 250 M:FM 100 1.7 6.0 1.1 meg. 2200 - - - MUM Sharp Cut-off Pent. 7CM 6.3 0.15 ea 4.4 0.0035 250 UM 150 2.9 7.4 1.4 meg. 4600 - - 

Min 
Med inn p Tr ode 

9DX 6.3 0.6 
2.6 0.38 2.4 150 UM - - 9.5 5.15K 3300 17 - Sharp Cut-off Pent. 7 2.4 0.046 200 mEia 125 3.4 15 150K 7000 - - 68J64 Remote Cut-off Pent. 7CM 6.3 0.15 4.5 5.5 0.0335 250 MIN 100 3.3 9.2 13 meg. 3800 - - 61J7 Triple Diode 9AX 6.3 0.45 Mon. peak inverse plots voltage 330 V. Mo . d.c. plate current each diode le na. 6811: Dual Diode -Medium.rs Triode 911 6.3 0.6 2.8 0.38 26 250 Mal - - 8 7.1e woo 611K5 Beam Avr. Pent. 

910 _1131.11WEIMIZZIMEM 250 3.5/10 37' 100K 8503 353 6.5K 3.5 68K6 Dual Diode-HIgh•ii Triode 78T cf -J.3pip lumemolapan - - 1.2 625K 1603 100 - - 68K78 Medium p Dual Triode'. 911J 6.3 0.4 3 I 1.8 ISO Ma - - 18 4.6K 9300 43 - 
6111.11 

Tr ode 
Fi 88 g. 6. 3 A3 

2.5 1.8 1.5 250 Mal - - 14 - 5000 20 - Pentode 5.2 3.4 025 250 am 175 2.8 10 400K 6200 47 - 61744 Medium-p Triode 7E0 6.3 0.2 3.2 1.4 1.2 150 BEM - - 9 6.3K 6800 43 - 65546 Gated-Beam Pent. 7DF 6.3 0.3 4.2 3.3 0.004 80 MEW 60 5 023 - WINE Dual Diode- High-p Tnode 9ER 6.3 0.6 3.6 0.25 2.5 250 UM - - 1.6 28K 2500 70 - - 6805 Pwr. Amp. Pent 9CV 6.3 0.76 10.8 6.5 0.5 300 MU 200 10.8 49.52 38K - - 5.2K 17 68074 Mediu -p Dual Triode'. 9AJ 6.3 0.4 2.85 1.35 1.15 150 Kan - - 9 6.1K 6400 39 - - 
6BRIJA: 

Medium.» Triode 
9FA 6.3 0.45 

2.5 0.4 1.8 150 MUM -.- 18 5K 8500 40 - Sharp Cut-off Pent. 5 2.6 0.015 250 Ma 110 3.5 10 400K 5200 - - 6858 lo •Noise Dual Triode'. 9AJ 6.3 0.4 2.6 1.35 1.15 150 wan - - 10 SK 7200 36 - 6176 Dual Diode- High-p Tr ode 71IT 6.3 0.3 - - - 250 .2.11 - - 1 58K 1200 70 - - 6878 Dual Diode- Pent. 9FE 6.3 045 7 23 0.04 200 REM ISO 2.8 9.5 300K 6200 - - - 61116 Dual Diode- low-p Triode 787 6.3 0.3 - - - 250 UM - - 9.5 8311 1900 16 10K 03 68U8 Dual Pent'. 9F13 6.3 0.3 6 31 - 100, IMZEI 67.5 3.3 22 - - - - - ME Dual Diode- Medium-p Triode 9FJ 6.3 0.6 3.6 0.4 2 203 MAI - - 11 5.9K 5600 33 - WM Dual Diode- Pent. 9NIC 6.3 0.45 4.8 2.6 0.02 250 man 110 3.5 10 25011 5200 - - 611X8 Dual Triode l. 9AJ 6.3 0.4 - - 1.4 65 UM - - 9 - 6700 25 - 6176 Pentagrid Amp 7CH 6.3 0.3 5.4 7.6 0.08 250 mu 100 9 6.5 Ed = 2.5V. 1900 - 611Y11: Diode- Sharp Cut- nil Pent. 9FN 6.3 0.6 5.5 5 0.0035 250 Nium 
611Z6 Serniremote Cut-off Pent. 7CM 6.3 0.3 7.5 1.8 0.02 200 IMMINIUM 
61127 Madiun,.p Dual Triode.. 9AJ ItEMUIMMIUEIMMin - - 10 5.6K 6800 38 - 611Z8 Dual Triode I. 

9AJ _CEIIIIMIIMIMMIIIMIREBMID. - - 10' 5.6K WOO 45 - - 6C4 Mediurn-p Triode 
610 MZMUMML.M.IMSMIffl0. MUM - - 10.5 7.7K 2200 17 - - 6CAS Beam Pent 
7CV rEMEME31 -4.5 125 4/11 3.2 15K 9200 373 4.5K IS 6C86A: Sharp Cut-off Pent 7CM 6.3 0.3 6.5 1.9 0.02 200 180* 150 2.8 9.5 600K 6200 - - - 6CES: R.f. Pent 78D 6.3 0.3 6.5 1.9 0.03 200 lima 

6CF6 Sharp Cut- oil Pent 7CM 6.3 0.3 6.3 1.9 0.02 200 MM. 150 2.8 9.5 600K 6200 - - 6C06 Serniremote Cut-off Pent 78K 6.3 0.3 5 5 0.008 250 MINAM 150 2.3 9 72011 2000 - - 6037: Medium., Dual Triode'. 9AJ 6.3 0.6 2.3 2.2 4 250 MC= 
.-_ - 9 7.7K 2600 20 - 

6C011A: 
Medium-p Triode 

90F 6.3 D45 
2.6 0.05 1.5 100 maim _ 8.5 6.9K 5830 40 - 

Sharp Cut-off Pent. 4.8 0.9 0.03 250 izza 150 1.6 7.7 750K 4600 - - 
6CHII 

Medium-p Triode 
9FT 63 0.45 19 14 1' 6 200 MEM - - 13 5.75K 3300 19 - - 

Sharp Cut-off Pent. 7 2.25 0.025 250 EMU 150 2.8 9.5 300K 6200 - - - 6CL6 Pwr. Amp. Pent 98V 6.3 0.65 11 5.5 0.12 250 Me. 150 7/7.2 31. 1.50K IIK 30. 7500 28 
6CLIIA: 

Medium.p Triode 
9FX 6.3 A5 

2.7 0.4 1.8 300 - - - 15 5K 8000 
Sharp Cut off Tetrode 5 2A .02 300 -1 4 12 MK 6400 - - --6CM6 Beam Pwr. Amp. 9CK 6.3 0.45 8 8.5 0.7 315 BM= 225 2.2/6 352 80K 3750 34. 8.5K 5.5 

6CM7 : 
Medium.p Triode No. 

915 6. 3 D6 
2 0.5 3.8 200 Mil - - 5 11K 2000 

Dual Triode Triode No. 2 3.5 0.4 3 250 IIMMI 

6048: 
High.0 Triode 

9FZ 6.3 0 .45 
1.6 0.22 1.9 250 UM - - 1.8 SOK 2000 100 - Sharp Cut-off Pent. 6 2.6 0.02 200 MEW 150 28 9.5 330K 6200 - - 

Dual Diode-High.p Trade 9EN 
6.3 0.3 1.5 0.5 1.8 100 MIZM - - 0.8 54K 1300 70 6CN7:- 
3.15 0.6 

250 IMEIM - -- 1 58K 1200 70 - 
60211: 

Medium-, Triode 
90E 6.3 0.45 

2.7 0.4 1.8 125 Boa 
Sharp Cut off Tetrode 5 2.5 0.019 125 MI. 125 4.2 12 140K 5800 - - 6CR6 Diode- Remote Cut-off Pent 7E4 6.3 0.3 - - - 250 ME. 100 3 9.5 200K 1950 - - 

6CR8 : 
Triode 

90J 6.3 0.45 
2 1.4 1.6 125 BIM 

Pentode 6 2.8 0.018 125 Man 125 3 13 300K 7700 - - - 6CS5 Beam Pwr. Pent 9CK 6.3 1.2 15 9 0.5 200 man 125 2.2 472 29K 8000 - 4K 28 606 Pentagrid Amp 701 6.3 0.3 5.5 7.5 0.05 100 IBM 30 1.1 0.75 I meg. 950 Ea = 0 V. --,. 
6CS7. 

Medium.p Triode No. I 
9EF 6.3 0.6 

1.8 0.5 26 250 .1:12 - - 10.5 7.7K 2200 17 - - 
Dual Triode Tr ode No. 2 3.0 05 2.6 250 MI.J. - - 19 3.4511 4500 15.5 - - 6CU5 Beam Pwr. Pent 7CV 6.3 1.2 13.2 8.6 0.7 120 RCM 110 4 8.5 502 10K 7500 - 25K 23 

6CX8 
Medium-p Triode 

9DX 62 D75  
2.2 0.38 4.4 150 150• - - 9.2 8.7K 4600 

Sharp Cut.off Pent. 9 4.4 0.06 200 ma 125 5.2 24 70K 10K - - 6CYS Sharp Cut-off Tetrode 7EVI 6.3 0.2 4.5 3 0.03 125 INEM 80 1.5 10 100K 8000 - - 
6CY7 Dissimilar- 

Dual Triode 9EF 6.3 0.75 
1.57 0.37 1.87 2507 UM - - 1.27 52K7 130o, 687 - - 
5. 1. 4.4. 150. WM. - - 30. 920. 5400. 5. - - 

6CZ5j 
Ai Amp. 

Beam Pwr. Amp. INN 6.3 0.45 8 8.5 0.7 
250 MIN 250 4.6'8 482 73K 4800 46. SK 5.4 Alt Amr,., 350 zwo 250 3 , 13 103, 

- - 463 7.5K. 1 5 6D85 Beam Pwr . Amp. 901 6.3 1.2 15 9 0.5 200 Man 125 2.2/8.5 46 47 28K 8000 - OK 3.8 6D86 Sharp Cut-off Pent. 7CM 6.3 0.3 6 5 0.0035 150 OEM 150 6.6 5.8 50K 2050 Ed = -3 V. - 6DC6 Serniremote Cut- oil Pent. 7CM 6.3 0.3 6.5 2 0.02 200 180• 150 3 9 500K 5500 - - 60E6 Sharp Cut-off Pent. 7CM 6.3 0.3 6.3 1.9 0.02 200 MOB 

6DE7 
Dissimilar- 
Dual Triode NIF 6.3 0.9 

2.27 0.527 47 2507 ma - - 5.57 8.75K7 20007 17.57 - 
5.5. le 8.5. 150. Man - - 35. 925. 6500. 6. - 601(6 Sharp Cut off Pent 7CM 6.3 0.3 6.3 1.9 .02 300 150 3.8 12 - 9800 - - 

6DR7 Dissimilar - 
Dual Triode 9HF 6.3 0.9 

2.2 0.34 4.5 330 - 1600 687 - 
5.5 ID 8.5 275 -- -I 35 - 6500 -6. - 
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6055 Boom Pwr. Amp. 710 6.3 0.8 9.5 6.3 019 
250 -8.5 200 3 10 32, 28K 5800 32, 8K 3.8 
250 270. 200 3 9 25, 28K 5800 27, 8K 16 

ADIS Pwr. Amp. Pent. 9CV 6.3 0.76 10.8 6.5 0.5 300 -7.3 200 10.8 495, 38K - - 5.2K 17 
6DT6 Sharp OP-off Pent. 7EN 6.3 0.3 5.8 - 0.02 150 560. 100 2.1 1.1 150K 615 - - - 
WWII High-p Deal Triode'. 9DE 6.3 0.3 2.7 1.6 1.6 250 200• - - 10 10.9K WO 60 
6D1115 Beam Pwr. Amp. 9CK 6.3 1.2 11 9 0.5 200 -22.5 150 2 SS ISK 5300 - - 

6EA8: 
Triode 

Sharp Cut-off Pent. 
9AE . 63 A5 

3 .3 1.7 330 -12 - - 18 5K 8500 
5 2.6 .02 330 -9 330 4 12 83K 6400 - - - 

6E88 
High.p Triode 

- 
Sharp Cut-off Pent. 

9DX 6.3 . 75 
2A .36 4.4 330 -5 - - - 2 37K 2700 

11 4.2 0.1 330 -9 - 7 25 75K I2.5K - - 
6045 Power Pentode 7CV 6.3 1.2 17 9 .65 135 0 117 14.5 42 IIK I4.6K - 3K I.4 
6EN1 Dual Triode 9DE 6.3 .365 3.4 1.7 1.9 130 -1.2 - - 15 - 12.5K 34 - 
68V5 Sharp Sharp 00.0 Tet. 7EW 6.3 0.2 4.5 2.9 0.035 250 -1 80 0.9 11.5 150K 8800 - - - 

6EZIII 
Triple Triode No. I 

9KA 6.3 .45 2.6 
1.4 

1.5 330 -4 - - 4.2 116K 4200 57 - - Triode Triode No. 2 8. 3 1.2 

arms 
Duplex 
Diode __ _ 
Triode 

9KR 53 .45 
- - 

2.2 
- 
- 

 - -- 
- 

Mos. oc. voltage = 200 Mo . d.c. output current = 5 ma. 

1.5 .16 1.8 330 -3 - I 58K 1200 70 - --
6FV6 Sharp Cutoff Tetrode 7E0 6.3 .2 4.5 3 .03 125 -1 81 1.5 10 100K 8100 - - 

6FV8 
Triode 

- 
Pentode 

9FA 53 45 
28 1.5 1.8 330 -1 - - 14 SK 8K 40 - - 
5 2 .02 330 - I 125 4 12 200K 

6.14 Grounded-Grid Triode 780 53 0.4 7.5 3.9 0.12 150 103• - - 15 4.5K 12K 55 - - 

6j6Ae 
Ai Amp." 

MDueodli°Triromde 78F 6.3 0.45 2.2 0.4 1.6 
100 50• - - 8.5- 7.IK 5300 38 - - 

Mixer 150 810. - - 4.8 I0.2K 1900 Osc. peok voltage -= 3 V. 
618 Triple Diode-Triode 9E 6.3 0.45 1.5 1.1 2.1 250 -9 - - 9.5 8.5K 1900 16 10K 0.3 
6S4A Medium-p Triode 9AC 6.3 0.6 4.2 0.9 2.6 250 -8 - - 26 3.6K 4530 16 - - 
6T4 Uhf. Triode 7DK 6.3 0.225 2.6 0.25 1.7 80 150. - - 18 I.86K 7000 13 - - 

6TIIAT. Triple Diode•High.p Triode 9E 6.3 0.45 1.6 1 2.2 
100 

- I - - 0.8 54K 
1 300 70 

- - 1 58K 1200 70 - - 

611111A: 
Medium-sr Triode 

9AE 53 0.45 
2.5 0.4 1.8 150 56. - - 18 SK 8500 

Sharp Cut-off Pent. 5 2.6 0.01 250 68. 110 3.5 10 400K 5200 - - - 

6V11 Triple Dioce-Triode 9AH 6.3 0.45 - - 
100 - I - - 0.8 54K 1300 70 - - 

1 58K 1203 70 - - 

6X8At 
Medium-p Triode 

9AK 6.3 0A5 
2.0 0.5 1.4 100 100° - - 8.5 6.9K - 

Sharp Cut-off .ent. 
- 

4.3 0.7 0.09 250 200. 150 1.6 7.7 750K - - - - 

12A4 Mediumls Triode 9A0 12.6 
6.3 

0.3 
4.9 09 5.6 

250 -9 - - 
23  2.5K DM 20 

0.6 250 -12.5 - - - - 

12A115 
Ai Amp. 

Bean, Pwr. Amp. 9EU 12.6 0.2 8 8.5 0.7 
250 -12.5 250 4.5/7 47, 50K 4100 45, SK 4.5 
250 -Is 250 5/13 787 808, 3750 

70. 10K, 10 
I 2AC6 Remote Cur-off Pent. 7111( 12.6 0.15 4.3 5 0.005 12.6 0 12.6 0.2 0.55 WOK 730 - - - 
12AD6 Pentogrid Con, 701 12.6 0.15 8 8 0.3 12.6 0 12.6 1.5 0.45 1 meg. 260 Grid No. 1 Re. 33K 

12AD7 Dual High.0 Triode'. 9A 
126 .2 2 025 1.6, 0.9 1.19 

250 -2 - - 1.25 62.5K 1600 100 - - 

124E6A Dual Diode-Medium.p Triode 710 12.6 0.15 1.8 1.1 2 12.6 0 - - 0.75 15K 1003 15 - - 

12AE7 
low.p Dissimilar 
Double Triode 9A 126 .55 

4.7 .75 3.9 1.9 31.5K 4003 13 - - 
4.2 es 3.4 16 - - 7.5 985 6573 

12 A F6 Ef. Pent. 7111K 12.6 0.15 5.5 4.8 0.006 12.6 0 12.6 0.35 0.75 300K 1131 - - - 
12AJ6 Dual Diode-High.p Triode 781 12.6 0.15 2.2 0.8 2 12.6 0 - - 0.75 45K 1200 

12A LE 
Medium-p Triode 

90S 126 0.45 
1.5 0.3 12 12.6 -0.9 - - 0.25 27K 550 15 - - 

Tetrode 8 1.1 0.7 12.6 -0.8 12.6• • 50•• 25 IK 8000 - - - 

12A05 
At Amp. 

Beam Pwr. Arnp. 7112 12.6 0.725 8.3 8.2 0.35 
250 -12.5 250 55/7 47, 52K 4100 45, 5K 1.5 

ABI Amp., 250 -15 250 5/13 79, 6010 3750' 703 10K. 10 

12AT7 High.p Deal -riode'. 9A 
12.6 0.15 2.2, 0.5, 1.5, 100 2713. - - 3.7 19 4000 60 - - 
6.3 0.3 2.2. 0.4. 1.9 250 200. - - 10 I09K 5500 

12AU7111 Medium-µ Dual Triode'. 9A 
12.6 0.15 1.6, 0.5, 1.5, 100 0 - - 11.8 6.25K 3100 19.5 - - 
6.3 0.3 1.6. 0.35. 1.5. 250 -8.5 - - 10.5 7.7K 2200 17 - - 

12AV7 Mediurn-p Dual Triode'. 9A 
12.6 0.225 3.1, 0.5, 1.9, 100 120• - - 9 6.IK 6100 37 - - 
6.3 0.45 3.1. 0.4. 1.9. 150 56. - - 18 4.8K 8500 41 - - 

12AW6 Sharp Cut-off Pent. 7CM 12.6 0.15 6.5 1.5 0.025 250 200. 150 2 7 WOK 5000 42 - - 

124X7 H 'iiih-e Ai Amp.l. 9A 12.6 0.15 1.67 ow 1.7 7 250 -2 - - 1.2 62e 1600 100 - - 
Dual Triode Class B 6.3 0.3 1.6. 0.34. 1.7. 330 0 - - 40, - - 14. 16K. 7.5 

124Y7 
Medium-0 Ai Amp. 

9A 
12.6 015 

12 0.6 12 3 - 1750 
Dual Triode'. Low-level Amp. J 6.3 ea 150 2700. Plate resi tor = 20K. Grid resistor = 0.1 meg. V. G.= 12.5 

12A7JAt High.p Dual Triode'. 9A 
12.6 0.225 3.1, 0.5 , 1.9, 100 270. - - 3.7 I5K 1000 
6.3 0.45 3.1. 0.0 1.9* 250 200. - - 10 I0.9K 5500 

1284At low.p Tr'ode 940  
126 0.3 

5 1.5 4.8 150 -17.5 - - 34 1.03K 6300 6.3 0.6 

128147A: Medium-µ Dual Triode'. 9A 
12. 6 0. 3 3 . 2, 0 . . 6,5, 2 

250 -10.5 - - 11.5 5.3K 3100 16.5 - - 

1281.6 Sharp Cut-off Pent. 78K 12.6 0.15 5.5 4.8 0.006 12.6 -0.65 12.6 0.0005 1.35 5COK 1350 - - - 

12817A: Dual Diode -Medium.p Triode 9CF 
162..63 2.8 I 

1.9 
100 270. - - 17 15K 4020 00.A2265 

250 200. - - 10 I0.9K 5503 60 - - 

1211V7 Sharp Cut-off Pent. 98F 
12.6 0.3I 

0.6 
I 3 0.055 250 68. 150 6 25 90K I2K 1100 - - 6.3 

128Y7At Sharp Cut-off Pent. 9SF 
12. 6 30. 

11.1 3 0.055 250 68. 150 6 25 90K 12K 1200 - - 6.3 0.6 

1211Z7 High-p Dual Triode'. 9A 
126 0.3 6.5 , 0.7 , 257 

250 -2 - - 25 31.8K 3200 100 - - 

12CN5 Pentode 7CV 12.6 0.45 - - 0.25 12.6 0 12.6 0.35 4.5 40K 3830 - - - 
12CX6 Sharp Cut-off Pent. 7111( 126 0.15 7.6 6.2 0.05 126 0 126 1.4 3 40K 3103 - - - 
12E1E8 Diode- Remote Cut-off Pent. lg. 81 12.6 0.2 5.5 5.7 0.006 126 -0.8 126 0.5 1.3 300K 1500 - - - 
12DK7 Deal Diode-Tetrode 9HZ 12.6 0.5 - - - 12.6 0 12.6 I 6 4K 5000 - 3.5K am 
12018 Dual Diode-Tetrode 9111 12.6 0.55 12 1.3 - 126 -0.5 12.6•• 7.5.• 40 450 15K 7.2 - - 
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V. Amp. C. Cm Cs. 

12E107 Beom Pwr. Pent. 98F 
12.6 .3 

- -- 10 3.8 0.1 330 - 180 5.6 26 53K 

12DS7A 
Dual Diode 

Pwr. Tetrode 
9JU 126 A 

Max. o.c voltog = 16. Ma. d.c. output curl ent =5 mo. 
- 16 75 40 480 15K 7.2 800 .04 

12097 Dual Triode High.° 9A 
12.6 

. 15 
1.6 .46 1.7 

300 -2 - - 1.2 625K 1600 100 - - 
6.3 .3 1.6 

120U7 
Dual Diode 

Tetrode 
9JX 1/6 .275 

Max. average diode corren =1.0 no. 

11 3.6 .6 L 16 - 16 1.5 12 6K 62C0 - 2.7K .025 

121:11/7 
Deal Diode 

Triode 
9JY 12.6 .  15 

Mac average diode current = 1.0 me. 

1.3 .38 1.6 16 - - - 0.4 I9K 750 14 - - 

'2098 Deal Diode- Tetrode 914R 12.6 0.375 9.0 1.0 12 12.6 18• - - 6.8, - - 7.6 1250 .005 

120W19JC 
Diode 

12.6 .45 
1.67 
AO- 

.7 

.-7. - - 3.2 
1.8 

- 16 0 - 
1.9, - 2700 

Dissimiliar Dual Triode 7e - 6506 

12098 
Sharp Cutoff Triode 

Tetrode 
9JD 12.6 .35 

2 2 1.5 16 1.2 10K 2000 

II 3 .74 16 - 12.6 2 14 5K 6000 - - - 

120Z6 Pwr. Amp. Pent. 781C 12.6 0.175 12.5 8.5 .25 12.6 - 12.6 2.2 4.5, 25K 3800 - - - 

12EA6 R.F. Pent. 78K 12.6 0.175 11 4 .04 12.6 -3.4 12.6 1.4 3.2, 32K 38C0 - - - 

12E01 
Mediurn-p Triode 

9FA 126 0.225 
2.6 0.4 1.7 16 -2.2 - - 2.4 6K 4700 25 - - 

Pent. 4.6 2.6 .02 16 -1.6 12.6 - .66 793K 2000 - - - 

12ED.51 Pwr. Amp. Pent. 7CV 126 .45 14 8.6 .26 150 -4.5 150 11 36, I4K 8500 

12E06 Dual Control Heptode 701 12.6 .15 - - - 30 - 12.6 2.4 .4 150K 800 - - - 

12EK6 R.F. Pent. 78K 12.6 .2 10 5.5 .032 12.6 -4.0 12.6 2 4.4 40K 4230 - - - 

1221.6 Dual Diode- High-p Triode 7F8 12.6 0.15 2.2 I 1.8 12.6 0 - - 0.75 45K 1200 55 

12EN6 Diode- Tetrode 911V 12.6 0.5 - - - 12.6 0 12.6 I 6 4K 5000 - - - 

12F8 
Dual Diode - Remote 

Cutoff Pent. 9FH 12.6 0.15 4.5 3 0.06 12.6 0 12.6 0.38 1 333K 1000 - - - 

12FK6 Dual Diode- low-µ Triode 78T 12.6 0.15 1 8 .7 1.6 16 0 - 1.3 6.2K 1200 

12FM6 Dual Diode-Med..p Triode 781 12.6 0.15 2.7 1.7 1.7 30 1.8 5.6K 2400 13.5 - - 

12FT6 Dual Diode-Triode 781 12.6 0.15 1.8 1.1 2.0 30 2 7.6K 1900 15 - - 

12144 General Purpose Triode 712W 
126 0. 15 

2.4 0.9 3.4 
90 0 

- - 10 - 
3C00 

6.3 0.3 9 - 2600 

12J8 Dual Diode- Tetrode 90C 12.6 0.325 10.5 4.4 0.7 12.6 0 12.6 1.5 12, 6K 5503 - 2.7K 0.02 

12K5 Tetrode IPwr. Amp. Driver/ 7EK 12.6 0.45 - - - 12.6 -2 12.6.989. 8 800 70X1 5.6 800 0.035 

12R5T Beam Pwr. Pent. 7CV 12.6 0.6 13 9 0.55 .110 -8.5 110 3.3 40 13K 7000 - - - 

12U7 Dual Medium-p Triode. 9A 12.6 0.15 I.6,,. 0.47 1.9,. 12.6 0 - - 1 1 12.5K 1600 20 - - 

18FW6 Remote Cut.off Pent. 7CC 18 0.1 5.5 5 .0035 153 - ICO 4.4 II 250K 4400 - - - 

18FX6 Dual Control Heptode 7C16 18 0.1 - - - 150 - - - 2.3 4COK - - - 

18F96 High•si Triode-Diode 781 18 0.1 2.4 .22 1.8 150 - I - - .6 77K 1300 100 - - 

MS Beam Pwr. Pent. 7CV 25 0.15 12 6 0.9 110 -7.5 110 3 7 36 37 I6K 5900 - 2.5K 1.2 

32ET5 Beam Pwr. Pent. 7CV 32 0.1 12 6 .6 150 -7.5 130 - 2I.5K 5503 - 28K 1.2 

3585 Beam Pwr. Amp. 78Z 35 0.15 11 6.5 0.4 110 -7.5 110 3/7 41 , - SIM 40, 2.5K 1.5-

5085 Beam Kw. Amp. 78Z 50 0.15 13 6.5 0.5 110 -7.5 110 4/8.5 50, 14K 7503 495 2.5K 1.9 

5686 Beam Pwr. Pent. 90 6.3 0.35 6.4 8.5 0.11 250 -12.5 250 3, 27, 451( 3100 - 9K 2.7 

5687 Medium-or Dual Triode. 9H 
12.6 0.45 4, 0.6, 4, 120 -2 - - 36 I.7K 11K 18.5 - - 

6.3 0.9 4. 0.5, 4. 250 -12.5 - - 125 3K 5500 16.5 - - 

5722 Noise Generating Diode sal 6.3 1.5 - 2.2 - 203 - - - - - 

5842/ 
417A 

High-p Triode 9V 6.3 0.3 9.0 1.8 0.55 150 620 - -- 26 1.8K 24K 43 - - 

5879 Sharp Cut-off Pent. 9AD 6.3 0.15 2.7 2.4 0.15 250 -3 100 0.4 1.8 2 meg. 1000 - - - 

6316 Medium-p Dual Triode,. ICJ 6.3 0.3.5 2 1.1 1.2 100 200. - - 9.6 4.25K 4000 17 - - 

6887 Dual Diode loBT 6.3 0.2 Max. pooh inverse plate voltage = 360 V. Max. d.c plate current each diode = 10 ma. 

6973 Pwr. Pentode 960 6.3 .45 6 6 .4 440 -15 330 - - 73K 4800 - - - 

7258 
Sharp Cut-off 

Med.-p Triode 
9DA 126 .195 

7 2.4 .4 330 - 125 3.8 12 170K 7800 - - - 

2 .26 1.5 330 -3 - - 15 4.7K 4503 21 - - 

9001 Sharp Cut-off Pent. 780 6.3 0.15 3.6 3 0.01 250 -3 100 0.7 2 I meg. 1400 - - - 

9002 U.h.f. Triode 783 6.3 0.15 1.2 1.1 1.4 250 -7 - - 6.3 11.4K 2200 25 - - 

9003 Remote Cut-off Pent. 781) 6.3 0.15 3.4 3 0.1 250 -3 100 2.7 6.7 700K 11C0 - - - 

9006 Uhf. Diode MIN 6.3 0.15 Moe. oc, voltage = 270. Max. d.c. output current =5 era. 

Controlled heater worm-up characteristic. 
SI Oscillator gridleok or screen-dropping resi tor ohms. 
• Cathode resistor ohms. 

•• Space-charge grid. 

Per Plate. 
Maximum-signal current for full.power output. 
Values are for two tubes in push-pull. 
Unless otherwise noted. 

, No signal plate mo. 
. Effective plate•to•plote. 
7 Triode No. I. 
. Triode No. 2. 

• Oscillator grid current mo. 
ta Values for each section. 
tt Micromhos. 
O Through 33K. 



TABLE 11- METAL RECEIVING TUBES 

Characteristics given in this table apply to all tubes having type numbers shown, including 
metal tubes, glals tubes with " G" suffix, and bantam tube with " GT" suffix. 

For ' G" and " GT" tubes lot listed ( not having metal counterparts), see Tablet III , V, VI and VIII. 
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V. Amp. Co Co. C... 

6A8 Pentagrid Cony. 8A 63 0.3 - - 
250 -3 100 2.7 3.5 360K 550 - - - 

E.. lOsc.I 250 V. through 20K. Grid resi tor 101c.1 50K. 4=4 mo. le =0 4 ma. 
6AS7 
1833 Remote Cut-off Pent. IN 6.3 0.45 8 5 0.15 

300 -3 200 3.2 12.5 700K 5000 - - - 
300 -3 30K. 3.2 125 7COK 5003 - - - 

6AC7 
1852 Sharp Cutoff Pent. 8N 6.3 0.45 11 5 0.15 

31:0 160' 150 2.5 10 I meg. 9000 - - - 
300 160• 60K. 2.5 10 1 meg. 9000 - - - 

6A07 Pwr. Amp. Pent. SY 6.3 0.65 13 7.5 0.06 300 -3 150 7/9 30/31 130K Ilk - 10% 3 
688 Dual-Diode- Pent. SE 6.3 0.3 6 9 0.005 250 -3 125 2.3 10 600K 1325 - - - 

6CS 
Medium.p At Amp. 

6. 3 0 .3 3 11 2 
250 -8 - - 8 10K 3300 20 - 

Triode Biased Detector 250 -17 Plate current adjusted to 02 mo. with no signal. 
6FS High-o Triode 514 6.3 0.3 5.5 4 2.4 

- 250 
-2 - - 0.9 66K 1500 100 - - 

6F6 

Ai Arnp.,,. 

75 6.3 0.7 6.5 13 0.2 

250 -- 20 20,0 - 31/34 2.6K 2600 6.8 4K 0.135 

AB, Amp.,,. 
350 730• 132. - 50/60 - - - 10K7 9 
3.50 -38 123. - 48/92 - - - 6K7 13 

Pwr. Amp. Pent, A A 
mp., s  250 

- 28.5 
-16.5 250 6/11 34/36 80K 2500 - 7K 3.2 
-20 285 7/13 38/40 78K 2500 - 7K 4.8 

AB, Amp.' 
375 -26 250 5/20 34/82 • - - 82 ,, 10K7 18.5 
375 340• 250 8/18 54/77 - - 94. 10K7 19 

6H6 pool Diode 70 6.3 0.3 - - - Moo. oc. voltage per plate = 150 r.m.s. Mos output current 8.0 ma. d.c 
655 Medium.p Triode 60 6.3 0.3 3.4 3.6 3.4 250 -8 - - 9 7.7K 2600 20 - - 

6J7 
Sharp Cut- AI Amp. 

7R 6. 3 03 7 12 0. 005 
250 -3 100 0.5 2 1 meg. 1225 - - - 

off Pent. Biased Detector 250 10K• 100 Zero signal cathode current = 0.43 ma. 0.5 meg. 

6117 
Variable-,u R.I. Am p. 

78 6.3 0.3 7 12 aoos 
250 - 3 125 2.6 10.5 600K 1650 I 990 - - 

Pent. Mixer 250 -10 100 Osc. peak vol 1=7 

6(8 
Triode- Hexode 

8K 6. 3 03 - - 
250 -3 100 6 2.5 600K 350 - - - 

Hexode Cony. Triode 100 50e, - - 3.8 10 -10 0.1=0.15 mo. 

61.64381. 

At Amp.,,S 

7AC 6.3 0.9 11.5 9.5 0.9 

250 -20 20,0 - 40/44 I.7K 4700 8 5K 1.4 
Al Amp.s 
Self Bias 

250 167° 250 5.4/7.2 75/78 - - 14,0 25% 6.5 
300 218' 200 3/4.6 51/55 - - 12.7,0 4.5% 6.5 

At Amp.' 
Fixed Bios 

250 -14 250 5/7.3 72/79 22.5K 6000 14,0 2,5% 6.5 
350 -18 250 2.5/7 54/66 33K 5200 18,0 4.2K 10.8 

At Amp.. 
u arn Self Bias 

250 125 250 10/15 120/130 - - 35.6. 5K7 13.8 
270 125' VO 11/17 134/145 - - 28.2 ,, 5K7 18.5 

rwr. Amp. A, )4p.4 
Fixed Bias 

250 -16 250 10/16 120/140 24.9 5500" 32. 5K7 14.5 
270 -17.5 270 11/17 134/155 23.5, 5700' 35 ,, 50 17.5 

AB, Amp.. Self Bias 360 270' 270 5/17 813/100 - - .0.6. 9K7 24.5 
AB, Amp!, 
Fixed Bias 

360 -22.5 270 5/11 88/140 - - 45. 3.8K7 18 
360 -22.5 270 5/15 88/132 - - 45. 6.6K7 26.5 

AB, Amp.. 
Fixed Bias 

360 -18 225 3.5/11 78/142 - - 52. 6K7 31 
360 -22.5 VO 5/16 88/205 - - 72. 3.8K7 47 

61.7 
Pentagrid- A, Amp. 

7T 63 0 .3 - - 
250 -3 100 6.5 5.3 600K 1100 -3,. - - 

Mixer Amp. Mixer 250 -6 150 9.2 3.3 1 msg. 350 -15,. - - 

6167 Closs.B 8 Amos 
88 6. 0 . 8 - 3- 

300 0 - - 35 , 70 - -- 82" 8K, 10 
Twin Triode At Amp.,. 250 -5 - - 6 11.3K 3100 - - - 

607 Dual Diode- High-p Triode 71/2 6.3 0.3 5 3.8 1.4 250 -3 - - I 58K 1200 70 - - 
687 Dual Diode- Triode 7Vs 6.3 0.3 4.8 3.8 2.4 250 -9 - - 9.5 8.5K 1900 16 10K 0.28 
657 emote Cut.off Pent. 7Its 6.3 0.15 6.5 10.5 0.035 250 -3 100 2 8.5 1 meg. 1750 - - - 
65A701Pentogrid Cony. SW 6.3 0.3 9.5 12 0.13 250 03 100 8 3.4 800K Grid No. 1 resistor 20K 

6587Y Pentogrid Cony. 11R 6.3 0.3 9.6 9.2 0.13 

100 -1 100 10.2 3.6 50K 900 - - - 
250 -1 100 10 3.8 I meg. 950 - - - 
250 22K. 12Ke 12/13 6.8/6.5 Osc. Sechon in 88-108 Mc. Service. 

65C7 iligh-o Dual Triodes 85 6.3 0.3 2 3 2 2 S3K 1325 70 - - 
6595 kligh-p Triode 6A112 6.3 0.3 4. 3.6 2.4 250 -2 - - 0.9 66K 1500 100 - - 
6597 biode-Vorieble.p Pent. 7AZ 6.3 0.3 5.5 6 0.004 250 -1 100 3.3 12.4 700K 2050 - - - 
6507 If. Amp. Pent. 88K 6.3 0.3 8.5 7 0.003 250 -2.5 150 3.4 9.2 1 meg. 4000 - - - 
6SH7 H.f. Amp. Pent. 85K 6.3 0.3 8.5 7 0.003 250 - I 150 4.1 10.8 900K 4900 - - - 
65J7. Sharp Cut-ofr Pent. IIN 6.3 0.3 6 7 0.005 250 -3 100 0.8 3 1 meg. 1650 - - - 
6SK7 Voriable-o Pent. IN 6.3 0.3 6 7 0.033 250 -3 100 2.6 9.2 800K 2000 - - - 
650713TOual Diode--High•p Triode 80 6.3 0.3 3.2 3 1.6 250 -2 - - 09 9IK 1100 100 - - 
6887 Dual Diode- Triode SO 6.3 0.3 3.6 2.8 2.4 250 -9 - - 9.5 8.5K 1900 16 - - 
6557 1/eriable-o Pent. 8N 6.3 0.15 ' 5.5 7 0.004 250 -3 100 2 9 1 meg. 1850 - - - 

6V6 
Ai Amp.° 

Beam Pwr. Amp. 7AC 6.3 0.45 .0 II 0.3 

180 -8.5 183 3/4 29; 30 SOK 3700 8.5,0 5.5K 2 
250 -12.5 250 4.5/7 45/47 50K 4100 12.5,0 SK 4.5 
315 -13 225 22/6 34/35 80K 3750 13,0 8.516 5.5 

AB, Amp.. 250 -15 250 5/13 70/79 60K 3750 30 ,, 10K7 10 
285 -19 285 4/13.5 70/92 70K 3600 38m 8K7 14 

1612 Fentogrid Amp. 71 6.3 0.3 7.5 II 0.001 250 -3 100 6.5 5,3 600K 1103 -3,. - - 
1620 Sharp Cutoff Pent. 78 6.3 0.3 7 12 0.005 250 -3 100 0.5 2 1 meg. 1225 - - - 

1621 
At Amp.',' 

Pwr. Amp. Pent. 75 6.3 0.7 7.5 11.5 0.2 
330 503. - - 55/59 - - 54" 5K, 2 

. An Amp.. 300 -33 300 6.5/13 38/69 - - 60" 4K, 5 
1622 Beam Pwr. Amp... 7AC 6.3 0.9 10 12 0.4 300 -20 250 4/10.5 86/125 - - ocot 4K7 10 
3693 Sharp Cut-off Pent. 8N 6.3 0.3 5.3 6.2 0.005 250 -3 100 0.85 3 1 meg. 1650 - - - 

"Cathode resistor.ohms. 
Sc een tied to plote. 
No connection to Pin No. 1 for 61.6G, 607G, 6R7GT/G, 
6SIG, 6SA7GT/G and 6S95-GT. 
Grid bias = 2 volts if separate oscillator excitation is used. 

Also type 65.17Y 
Val», o e for angle tube or Heron. 

tt Values a e for two tubes in push.pull. 
Plote•to-plate value. 

• Osc, grid leak-Scrn. res. 
• Values for Iwo units. 
,0 Peak of. grid voltage. 

Peak o.f. G-G vol age. 

ti Mic omhos. 
,s Unless otherwise noted. 
G3 voltage. 

is Units connected in parallel. 
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TABLE III- 6.3-VOLT GLASS TUBES WITH OCTAL BASES 

(For "0" and "GT"-type tubes not listed here, see equivaleni type In Tables II and VIII; characteristics and Hens will be similar) 
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RACSOT Triode Pwr. Amp. AB Amp.. 60 6.3 0.4 - - - 250 o - - e 36.7K 3400 125 10K, 8 

6AD70 
Triode- Triode 

SAY 6.3 0.85 - - 
250 -25 - - 4 I9K 325 6 - - 

Pwr. Amp Pent. Pent. 250 -16.5 250 6.5/10.5 34/36 80K 2500 - 7K 3.2 

6A14413T Medium-0 Triode SO. 6.3 0.75 7 1.7 4.4 250 -23 - - 30 I.78K 4500 8 - - 

64170T Electron-Ray Indicator 1104 6.3 0.15 - - - 
Outer edge of any of the three illuminated a ens displaced 'As in. rnM. outward . ith 
volts to its ele:trode. Simlor inward disp. wi h -5 vol s. No pattern with -6 volts 

+5 
grid. 
- 6A070T Dual Diode - High-p Triode IICK 6.3 0.3 2.8 3.2 3 250 -7 - - 2.3 44K 1600 70 - 

6AR6 Beam Pent. 680 6.3 1.2 II 7 0.55 250 -22.5 250 5 77 2IK 5400 - - - 

6AR7GT Dual Diode- Remote Pent. 7DE 6.3 0.3 5.5 7.5 0.003 250 -2 100 1.8 7 1.2meg. 2500 - - - 
6A570 low.» Twin Triode-D.C. Amp.' SED 6.3 2.5 6.5 2.2 7.5 135 2500 - - 125 0.28K 7C00 2 - - 

6AUSGT Beam Pwr. Amp.. 6CK 6.3 1.25 11.3 7 0.5 115 -20 175 6.8 60 6K 5600 - - - 
64V50A Beam Pver. Amp.. 6CK 6.3 1.2 14 7.0 0.5 250 -22.5 150 2.1 55 20K 5500 - - - 

68D5OT Beam Pwr. Amp.. 6CK 6.3 0.9 - - - 310 -200, 310 - 900 - - - - - 
680613A Beam Pwr. Amp.* 5111 6.3 0.9 11 6 0.8 250 -15 250 4 75 2511 6000 - - - 
681.70TA Medium.» Dual Triode' SED 6.3 1.5 1.0 0.9 6.0 250 -9 - - 40 2150 7000 15 - - 

6806078 
6CU6 

Bean Kw Amp.. 6AM 6.3 1.2 15 7 0.6 250 -22.5 150 2.1 57 14.511 5900 - - - 

611X7GT Dual Triode' SED 6.3 1.5 5 3.4 4.2 250 390• - - 42 I.3K 7600 10 - - 
6CB5A Bean pwr. Amp.. 80D 6.3 2.5 22 10 0.4 175 -30 175 6 90 

6CD604 Beam Avii. Amp.. 5ST 6.3 2.5 24 9.5 0.8 175 -30 175 5.5 75 7.211 771X1 - - - 
6CK4 low-p Triode 8311 6.3 1.25 8.0 1.8 6.5 550 -26 - - 55 IDK 6500 6.7 - - 
6C1.5 Beam Kw. Amp.. SOD 6.3 2.5 20 11.5 0.7 175 - 40 175 7 90 6IÇ 6500 - - - 
6CU6 Beam Pwr. Amp.. 6AM 6.3 1.2 15 7 0.55 250 -22.5 150 2.1 55 20K 5500 - - - 

6DGMOT Beam Pwr. Amp. 75 6.3 1.2 - - - 200 180. 125 8.9 47, 28K 8000 - 4K 3.8 
6DN6 Bean Pwr. Pent.. 511T 6.3 2.5 22 11.5 0.8 125 -18 125 6.3 70 4K 9000 - - - 

6DN7 
Dissimilar 
Dual Triode 

11111) 6. 3 D9 
2.2 0.7 4.0 350 -8 - - 8 9K 2500 22 - - 
4.6 1.0 5.5 550 -9.5 - - 68 211 7700 15 , - - 

6D05 Beam Pwr. Amp.. 8,1C 6.3 2.5 23 1 I 0.5 175 -25 125 5 110 5.511 10.511 - - - 

6D068 Beam Kw. Amp.. 6AM 6.3 1.2 15 7 0.55 250 -22.5 150 2.4 75 20K 6600 - - - 

6E47 
Dissimilior- 
Dual Triode 

1111D 6. 3 1 .05 
2.2 0.6 4 350 -3 - - 1.5 34K 1900 65 - - 

6 1.3 8 550 -25 - - 95 770 6500 5 - - 

6EF6 Beam Pwr. Amp' , 75 6.3 0.9 11.5 9 0.8 250 -18 250 2 50 
6EY6 Beam Pwr. Pent. 7AC 6.3 0.68 8.5 7 7 350 -17.5 300 3 44 60K 4AK - - - 

6EZ5 Beam Pwr. Pont. 7AC 6.3 0.8 9 7 .6 350 -20 300 3.5 43 50K 4.IK - - - 

6F116 Beam Pwr. Pent. 6AM 6.3 1.2 33 8 .4 770 -72.5 220 1.7 75 I2K 6K - - - 

6060 
At Amp. 

Beam Pwr. Amp. 75 6.3 0.15 5.5 7 0.5 
180 -9 180 2.5. 15. 175K 2300 - 10K 1.1 

Ai Amp., 180 -12 - - 11 4.7511 2000 9.5 I2K 0.25 

6K613T Kw. Amp. Pont. 75 6.3 0.4 5.5 6 0.5 315 -21 250 4/9 25/28 110K 2100 - 9K 4.5 

0.5110T Triple-Diode- Triode 8C8 6.3 0.3 1.2 5 2 250 -2 - - - 9IK 1100 100 - - 
6513713T Semi•Remote Pent. IN 6.3 0.3 9 7.5 0.0035 2E) -2 125 3 9.5 700K 4250 - - - 

651.70T High-p Dual Triode' 88D 6.3 0.3 3.4 3.8 2.8 250 -2 - - 2.3 44K 1600 70 - - 

65N7GT8 Medium-p Dual Triode' 1118D 6.3 0.6 3 1.2 4 250 -8 - - 9 7/K 2600 20 - - 
6U6GT Beam Kw. Amp. 75 6.3 0.75 - - - 200 -14 135 3/13 55/62 20K 6200 - 3K 5.5 

6W6GT Beam Pwr. Amp. 75 6.3 1.2 15 9 0.5 200 180• 125 2/8.5 46/47 28K 8000 - OK 3.8 

6Y6I3A Beam Pwr. Amp. 75 6.3 1.25 15 1 0.7 200 -14 135 2.2/9 61/66 I8.3K 7100 - 2.6K 6 

1635 High.» Dual Triode 88 6.3 0.6 - - - 300 0 - - 6.6/54 - - - 12K, 10.4 

7027 Beam Pwr. Amp. lIFIY 6.3 0.9 10 7.5 1.5 450 -30 393 19.2 194 6K, 50 

• Cathode resistor- ohms. 
Per action. 
O Screen tied to plate. 

Values ore for single tube. 
t Values ore for Iwo tubes in push-pull 
Plote•to-plote value. 

• No signal current 
7 Mao. value. 
Horz. Deflection Amp. 

TABLE IV- 6.3-VOLT LOCK-IN-BASE TUBES 

For other lock-in-base types see Tables V, VI, and VII 

O Cathode current. 
IS Micromhos. 
It Vert. Deflection Arty. 

TYP• Name Base 

Fil. or 
Neater 

CapacRances 
ppf. 
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V. Amp. C C,. C.., C., 

748 Octode Conn. SU 6.3 0.15 7.5 9 0.15 250 -3 100 3.2 3 50K Anode grid 250 Volts man.' 

74H7 Remote Cut.off Pent. IIV 6.3 0.15 7 6.5 0.005 250 250• 250 1.9 6.8 I meg. 3300 - - - 

7AK7 Sharp Cut-off Pent. IIV 6.3 0.8 12 9.5 0.7 153 0 90 21 41 11.511 5503 - - - 

787 Remote Cut-off Pent. 8V 6.3 0.15 5 6 0.007 250 -3 100 1.7 8.5 75011 1750 - - - 

7C7 Sharp Cut-off Pent. 8V 6.3 0.15 5.5 6.5 0.007 250 -3 100 0.5 2 2 rneg. 1300 - - - 

7E1 Dual Diode- Pent. 84E 6.3 0.3 4.6 5.5 0.005 250 330. 100 1.6 7.5 70DK 1X0 - - - 

7F11 Medium-p Dual Triode, 118W 6.3 0.3 2.8 1.4 1.2 250 500. - - 6 11.5K MOO 08 - - 

7K7 Dual Diode-High-p Tri. 88F 6.3 0.3 2.4 2 1.7 250 -2 - - 2.3 44K IXO 70 - - 

• Cathode resistor-ohms. Through 20K resistor. 2 Each section. 3 Micromhos. 



TABLE V- 1,5-VOLT FILAMENT BATTERY TUBES V21 

TYPO Naine 

Fil. or 
Heater 

Capacitances 
me >: 

1 1 
ism es 

if 
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V. Amp. C. C... C., 

1A7GT Pentagrid Cony. 7Z 1.4 0.05 7 10 0.5 90 0 45 0/ 0.6 600K Ebb Anode-grid w90 Volts. 
111150T Diode High-µ Triode SZ 1.4 0.05 1.1 4.6 I 90 0 - - 0.15 240K 275 65 - - 
11345 Sharp Cutoff Pent. 7A0 1.4 0.05 3 8 0.007 90 0 90 0.35 1.6 1.1 meg. 800 - - - 
1MIOT Li. Pentode SY 1.4 0.05 3 10 0.007 90 0 90 0.3 1.2 1.5 meg. 750 - - - 
3E6 Sharp Cut-off Pent. 7CI 2.8, 0.05 5.5 8 0.007 90 0 90 1.2 2.9 325K 1700 - - - 

Center- tap filament permits 1.4 volt operation. s Micromhos. 

TABLE VI- HIGH-VOLTAGE HEATER TUBES 

See also Table VIII. 

Typo Name ease 

Ell. or Capacitances 
Heater poi. >: 

j 1  3 ji .. 11 3; ii ex id x 

i 
;8 

1 j .3 

i "ii 
e Ê 

ie .3 &Li <2 

i 

8 
p .3 d 30 

V. Amp. C. C... C.. 

12.6 BOOM Pwr. Amp. 75 12.6 0.15 8 9 0.3 250 -12.5 250 3.5/5.5 30/32 70K 3000 - 7.5K 3.4 
12A1170T Mediurn-µ Duol Triode, 88E 12.6 0.15 3.2 3 3 180 -6.5 - - 7.6 8.4K 1900 16 - - 
12EN6T Beam Pwr. Amp. 75 12.6 0.6 14 8 0.65 200 -9.5 110 2.2 50 28K 8000 - - - 

12L6OTT Beam Pwr. Pent. 75 12.6 0.6 15 10 0.6 
110 -7.5 110 4/10 49/50 I3K 80Z0 - 2K 21 
200 180* 125 22/8.5 44/47 28K 9300 - 4K 3.8 

12597 Heptode Cony. II 12.6 0.15 Osc.-Grid leak 20K. 250 -2 8.5 3.5 - 1 meg. 49) - - - 
211X6 Beam Pwr. Pent. 58T 21.5 0.6 22 8.5 1.1 - -30 195 .3 67 8.5K 7700 - - - 
35A5 Beam Pwr. Amp. 6AA 35 0.15 - - - 110 -7.5 110 3/7 40/41 16K MOO - 2.5K 1.5 
50060A Beam Kw. Amp. 7S 50 0.15 - - - 200 -14 135 2.2/9 61/66 18.3K 7100 - 26K 6 
1171470T Rect.-Beam Pwr. Amp. 8AV 117 0.09 Rect. same as 117L7GT 1CO -6 100 5 51 I6K 70173 - 3K 1.2 
5824 Beam Perr. Pent. 7S 25 0.3 - - - 135 -22 13.5 2.5/14.5 61/69 15K 5000 - I.7K 4.3 
6082 Low-m Dual Triode. 811D 26.5 0.6 6 2.2 8 135 250* - - 125 0.28K 7000 2 - - 

othode resistor- ohms. 
j Cont oiled heater worm-up characteristic 

Each section. 

TABLE VII-SPECIAL RECEIVING TUBES 

Micromhos. 

Not Name Base 

' 

Ell. or 
Heater 

Capacitances 
me& >: 

>. 

I 

c c .1 

g° 
i. 't 

ei d.g' 
.1. 

8 
-, 

BOSOT Beam Pwr. Amp. 7AP 2.8. 0.05 8 6.5 0.6 90 -4.5 90 1.3 9.5 90K 2200 - 8K 0.27 
6F4 Acorn Triode 781 6.3 0.225 2 0.6 1.9 80 150• - - 13 2.9K 5800 17 - - 
61,4 Acorn Triode 781 6.3 0.225 1.8 0.5 1.6 80 150• - - 9.5 4.4K 6400 28 - - 
7E5/1201 Hi. Triode SIN 6.3 0.15 3.6 2.8 1.5 180 -3 - - 5.5 12K 3000 36 - - 

'54 
Detector Amp.- Ai Amp. 333 6.3 0.16 3.4 3 

0.037 
250 -3 100 0.7 2 I meg. 1400 - - - 

Pentode lAcorn) Detector 250 -6 100 I. adjusted o 0.1 ma. witn no signal. 250K - 

55 Medium-es Triode lAcorn) SIC 6.3 0.15 I 0.6 1.4 
250 -7 - - 6.3 11.4K 2200 25 - - 
90 -2.5 - - 2.5 14.7K 1700 25 - - 

956 
Remote Cut-off Ai Amp. 

51111 6. 3 a 15 3 .4 3 0. 007 
250 -3 1002.7 6.7 700K 1800 - - - 

Pent. (Acorn) Mixer 250 -10 103 Oscillator peak volts -7 min. - - 
958-A Medium-p Triode lAcorn1 510 1.25 0.1 0.6 0.8 2.6 135 -7.5 - - 3 10K 1203 12 - - 
959 Sharp Cut-off cent. (Acorn) 51111 1.25 0.05 1.8 25 0.015 135 -3 67.5 0.4 1.7 800K 
1609 Amplifier Pentode SI 1.1 0.25 7 7 1 135 -1.6 67.5 0.65 2.5 400K 725 - - - 
6173 Uhf. "Pencil" Diode Fig. 34 6.3 0.135 Plate to K.-1.1 Peak inverse-375 Volts. Peak 1,-50 Ma. Max d.c. output-5.5 ma. - 
7077 Ceramic U.h.f. Triode - 6.3 0.24 1.9 0.01 1.0 250 -5 - - 6.4 8.9K 9000 - - - 
9004 Uhf. Diode Acorn/ 48.1 6.3 0.15 Plate to Kw 1.3 Max. ac. voltage- 117. Max. d.c. output current-5 mo. 
9005 U.h.f. Diode (Acorn/ 510 3.6 0.165 Plate to KwO.E1 Max. c.c. voltage- 117. Man. d.c. output current- 1 ma. 

• Cathode resistor-ohms. . Center- tap filament permits 1.4-volt operation. 2 Micromhos. 

TABLE VIII- EQUIVALENT TUBES 

The equivalent tubes listed in this table are, in general, designed for 
industrial, military and other special-purpose applications. These tubes 
are generally eat directly interchangeable because of mechanical and/or 
electrical differences involving basing, heater characteristics, maximum 
ratings, interelectrode capacitances, etc. 

Type Equivalent and Table Bassi Ef' Id Type Equivalent and Table Rase Et' 1.1 
1K3 113 X 3C 1.25 0.2 5E911 6FV8 I 9FA 4.7 0.6 
111.14 IHSGT V SAO 1.4 0.05 5940 5V4GA X N. SO 3.0 
2C.39WA 2C39 XI - 5.8 1.03 6A6 6N7 II 78 6.3 0.8 
3EAS WM 1 7EW 2.9 0.45 6A7 6M 11 7C 6.3 0.3 
UFO 3Q5GT VII 688 2.8 0.05 6A111 6K8 Il 11011 6.3 0.3 
3V43 304 1 MIX 2.8 0.05 6AM8 6AM8AI I 9CY 6.3 0.45 
4DK6 313K6 I 7CJA 4.2 0.46 6AN8 6AN8A: 1 9DA 6.3 0.45 
SEAS    68A8  68A8  1  9AE  4.7 n ,, 6A05 6AQ5A: 78Z 6.3 0.45 



V22 
TABLE UM-EQUIVALENT TUBES - Confirm/ad 

Type Equivalent and Table Base Ef' 111 Type Equivalent and Table Base Ef' If, 

6AS7GA 6A570 III 8111) 6.3 2.5 12111 6103 II SK 12.6 0.15 

BATS 6AT8AL 1 9DW 6.3 1.8 12580T 65801 III ICI 12.6 0.15 

6AU6 6AU6AL 1 78X 6.3 0.3 125A7 6SA7 II SR 12.6 0.15 

6AU7: 12AU7A 1 9A 3.15 0.6 1230 65C7 II 8S 126 0.15 

6AX7L3 I 2A X7 1 9A 6.3 0.3 125F5 65E5 II 6A8 12.6 0.15 

68E8 6E1E8A: I 9E0 6.3 0.45 123F7 65E7 II 7AZ 12.6 0.15 

681260A/GTA 6E106018 III 6AM 6.3 1.2 12507 6567 II 88K 12.6 0.15 

6818 68128At I 9FA 6.3 0.45 12017 65H7 II 88K 12.6 0.15 

6C6 617 II 69 6.3 0.3 12137 6517 II SN 12.6 0.15 

6016 6C86At 1 70* 6.3 0.3 125147 651(7 II IIN 12.6 0.15 

6CD6131 6CD6GA III SST 6.3 2.5 120.701 651.761 Ill 881) 12.6 0.15 

6038 6CG8At 1 9OF 6.3 0.45 12000T 6SN7GTB III 810 12.6 0.3 

608 6CL8At I 9FX 6.3 0.45 120470TA 65N7618 III 1111D 12.6 0.3 

6CSij 60E8 1 9FZ 6.3 0.45 12507 6507 II 80 12.6 0.15 

6CU8 6AN8 I 90M 6.3 0.45 12587 6587 II 80 12.6 0.15 

6EW6 IEW6 I 7CM 6.3 0.4 12W6GIT: 6W6GT III 73 12.6 0.6 

6J6 616At 1 7SF 6.3 0.45 14A7 651(7 II IIV 12.6 0.15 

6L643A 6L6GB II 73 6.3 0.9 14AF7 7AF7 IV SAC 12.6 0.15 

654 6S4A I 9AC 6.3 0.6 1486 6507 I SW 12.6 0.15 

604713TA 6SN7GT 8 III 510 6.3 0.6 14F7 651761 
I III 

SAC 12.6 0.15 

631.170TY 651.761 III 880 6.3 0.3 1410 65147618 III SAC 12.6 0.6 

6T8 6T8AL I 9E 6.3 0.45 1407 6SA7 II SAL 12.6 0.15 

61111 6U8AL 1 9AE 6.3 0.45 194111A 6CL8A 1 9FX 18.9 0.15 

6V6 6V6GTA II 75 6.3 0.45 258060A 6806678 III 6AM 25 0.3 

6Y6/3 616GA III 75 6.3 1.25 258060T 6BO6GTB III 6AM 25 0.3 

6Y6OT 6Y6GA III 73 6.3 1.25 ' 2381260111L 6806618 III 6AM 25 0.3 

7A4 615 II SAS 6.3 0.3 230 513C5 VIII 7CV 25 0.3 

7A6 6H6 II 7A3 6.3 0.15 25C6GA 50C6GA VIII 75 25 0.3 

7A7 651(7 11 8V 6.3 0.3 23CAS OCAS 1 7CV 25 0.3 

784 6SF5 II SAC 6.3 0.3 23CD613 6CD6GA III SIT 25 0.6 

783 6K6GT III 6AE 6.3 0.4 25CD6GA: 6CD6GA Ill SIT 25 0.6 

766 6507 II SW 6.3 0.3 25C0601: 6CD6GA III SIT 25 0.6 

788 6A8 II 8X 6.3 0.3 23CU6 6CU6 III 6AM 25 0.3 

7C3 6V6 II 6AA 6.3 0.45 2SDN6L 6DN6 III SIT 25 0.6 

7EY6L 6116 III 7AC 7.2 0.6 2SEC6: 

23EH5 

25CD6GB 
6E H5 

VIII 
i 

381 

701 

25 

25 

0.6 
0.3 797 651.761 III SAC 6.3 0.3 

7H7 6567 II 11V 63 0.3 251.60T 121661 VI 75 25 0.3 

WO 6SN7GT III SAC 6.3 0.6 253A7OT 6SA7GT II SAD - - 

707 6SA7 II SAL 6.3 0.3 25W6GT 6W6G 1 III 75 25 0.3 

10E882 6E68 I 9DX 10.5 0.45 35C3 3585 I 7CV 35 0.15 

12A8GT 6A8 II 8A 12.6 0.15 33L6GT 3585 1 75 as 0.15 

12ALS 6M5 1 BIT 12.6 0.15 41 6K6GT III as 6.3 0.4 

12AT6 6AT6 I 7111 12.6 0.15 42 6F6 II 65 6.3 *7 

12AU6 6AU6A 1 7RK 126 0.15 30A5 12L661 VI 6AA 50 0.15 

12AVSGA: 6AV5GT III 6CK 12.6 0.6 SOWS 681(5 1 980 50 0.15 

12AV6 6AV6 1 7111 12.6 0.15 SOCS 5065 1 7CV 50 0.15 

1284 1284A:3 1 9A0 126 0.3 30060A 5006G VI 75 9:è 0.15 

128A6 613A6 1 7814 12.6 0.15 SOL6GT 121.661 VI 7AC 50 0.15 

121IA7 6BA7 1 OCT 126 0.15 73 6507 II 60 6.3 0.3 

12106 611D6 1 78K 12.6 0.15 78 610 II lif 6.3 0.3 

128E6 6E3E6 I 7CH 12.6 0.15 417A 5842 1 9V 6.3 0.3 

128F6 6506 1 7111 12.6 0.15 1221 617 II 69 63 0.3 

1211451 681(5 I 980 12.6 0.6 1223 617 II 75 6.3 0.3 

128146 6131(6 I 78T 12.6 0.15 1631 6L6GB II 7AC 12.6 0.45 

121046 68N6 1 7DE 12.6 0.15 1632 121.667 VI 75 12.6 0.6 

128060AL 619:766 TB III 6AM 12.6 0.6 1634 65C7 II 8S 12.6 0.15 

1280643T: 6806618 III 6AM 12.6 0.6 3391 6AK 5 I 711D 6.3 0.15 

128060110 6806618 III 6AM 12.6 0.6 5634 6AK 5 I 7111) 6.3 0.175 

12516 6816 I 710 12.6 0.15 5670 2C51 I 80 6.3 0.35 

12016 6BU6 I WIT 12.6 0.15 3679 6H6 II 704 6.3 0.15 

12804 6BW4 X 9DJ 12.6 0.45 5691 651761 III 118D 6.3 0.6 

12817 128Y7AtT 1 98F 12.6 0.3 5692 6SN7GT III 1150 6.3 0.6 

12106: 6876 1 70* 126 0.15 S723 6AS6 1 7CM 6.3 0.175 

1201 5085 I 7CV 12.6 0.6 3726 6ALS I 681 6.3 0.3 

120 6E18 II SE 12.6 0.15 3749 6866 1 78K 6.3 0.3 

12CAS: 6CA 5 1 7CV 12.6 0.6 3750 

5731 3 - 

68E6 
I 2A X7 

I 

1 

7CH 

9A 

6.3 

12.6 

0.3-  

0.175  12CM6 6CM6 1 9CK 12.6 0./25 
12C16 6CR6 I 7EA 12.6 0.15 511114A3 12SN7GT VIII 9A 12.6 0.175 

12CSSL 6C35 I 9CK 12.6 0.6 3871 6V6GTA II 7AC 6.3 0.9 

12C36 6C S6 I 701 12.6 0.15 3881 61.668 II 7AC 6.3 0.9 

12015: 6CU5 1 7CV 12.6 0.6 5910 1U4 1 BAR 1.4 0.05 

12CU6 6CU6 Ill 6AM 12.6 0.6 3915 6816 1 701 6.3 0.3 

121385: 6085 I 905 12.6 0.6 59633 12AU7A I 9A 126 0.15 

120973 12A07 1 9A 12.6 0.15 5964 616A I 78IF 6.3 0.45 

12D06A: 60068 III 6AM 12.6 0.6 59653 I 2AV7 1 9A 12.6 0.225 

12DTS 6DT 5 1 9HN 12.6 0.6 6046 1216G1 VI 7AC 25 0.3 

12DT8 6018 1 90E 12.6 0.15 60573 12AX7 1 9A 12.6 0.15 

12DWSL 6DW5 I 9CK 12.6 0.6 6038 6AL5 I 651 6.3 0.3 

12EF6j 0E6 III 75 12.6 0.45 6059 617 II 9SC 6.3 0.15 

1204 615 II 6130 12.6 0.15 60603 12AT7 I 9A 12.6 0.15 

12146 6H6 II 70 12.6 0.15 6061 6V6GTA II 9AM 6.3 0.45 

12330T 655 II 60 12.6 0.15 6064 6A616 1 7D8 6.3 0.3 

1217GT 6.17 II 75 12.6 0.15 6063 68H6 I 7D8 6.3 0.2 

12K7GT 6K7 II 71 12.6 0.15 6066 6AT6 1 711T 6.3 0.3 



V23 
TABLE VIII-EQUIVALENT TUBES-Continued 

Type Equivalent and Table Base Ef' Id TYR, Equivalent and Table Bose Ef' ii, 

60673 12A117A I 9A 12.6 0.15 6678 6U8At I 9AE 6.3 0.45 
6080 6AS3G Ill 8110 6 .3 2.5 6679, 12AT7 I 9A 126 0.15 
6101 616A I 76F 6.3 0.45 6680, I2AU7A I 9A 126 0.15 
6132 60-16 I 98A 6.3 0.75 6681 , 12AX7 I 9A 12.6 0.15 
6136 6AU6A I 78K 6.3 0.3 6829, 5965 VIII 9A 12.6 0.225 
6201 , I2AT7 I 9A 12.6 0.15 6897 2C39 XI 6.3 1.05 
6265 6[11-t6 I 7CM 6.3 0 .175 7000 617 II 7R 6.3 0.3 
6350, I 2I3H7A I 9CI 126 0.3 7025, I2AX7 VII 9A 12.6 0.15 
6485 6AI-6 78K 63 0.45 7197 614 I 780 6.3 0.4 
6660 6BA6 I 7CC 63 03 7700 617 II 6F 6.3 0.3 
6661 6131-S6 I 7CM 6.3 0.15 REM , 12AT7 1 9A 12.6 0.15 
6662 6816A 7CM 6.3 0.15 EEC82, I2AU7A I 9A 12.6 0.15 
6663 6A1.5 I 68T 6.3 0.3 ERG O, 12AX7 I 9A 12.6 0.15 
6669 6A05A I 78Z 6 .3 0.45 KT-66. 616GB II 7AC 6.3 1.27 
6677 60.6 I 98V 6.3 0.65 XXD 7AF7 IV 'AC 12.6 0.15 

Controlled heater warm-up characteristics. 
Filament or heat« voltage. 
Filament or heater current. 

Heater center-tapped for operahen 
at half voltage shown. 

4 British version of 61.6. 

TABLE IX-CONTROL AND REGULATOR TUBES 

TY,» Name flase Cathode 
Fil. or Neater Peak 

Anode 
Voltage 

Max. 
Anode 
Ma. 

Minimum 
Supply 
Voltage 

Opel, 
sting 

Voltage 

Op.,- 
cling 
Ma. 

Gd 
R_sio., 
e 

Tube 
Voltage 
Drop Volts Amp. 

0A2 
6073 Volloge Regulator S80 Cold - - - - 185 150 5-30 - - 

0A3/VR75 Voltage Regulator 4AJ Cold - - - 105 75 5-40 - - 
0A413 
1267 

Gas Triode 
Storter-Anode Type 

4V 
4V Cold - 

- 
With 105 120-volt oc. onode supply, peak starter-anode o.c vol age is 7C 
peak r.f. voltage 55. Peak d.c. ma = 100. Average d.c. rna = 25. • 

OAS Gas Pentode Fig. 19 Cold - Plate -750 V., Screen -90 V., Grid +3 V., Pulse -85 V. 
082 
6074 

Voltage Regulator 580 Cold - - - - 133 108 5-30 - - 

083/VR90 Voltage Regulator 4AJ Cold - 125 90 5-40 - 
DC2 Voltage Regulator 580 Cold 105 75 5-30 

-0C3/VR1OS Voltage Regulator 4AJ Cold - 135 105 5-40 - - 
003/VR 150 Voltage Regulator 4AJ Cold - - 185 150 5-40 - - 

2021 
Grid-Controlled Rectifier 
Relay Tube 

7814 Htr. 6.3 D6 650 500 - 650 100 0.1-104 8 

604 Control Tupe SAY Htr. 6.3 0.25 Ep=3513; Grid volts= - 50 Avg. Mo.=25: Peak Ma.= 100; 
Voltage drop = 16. 

90C1 Voltage Regulator 580 Cold - - - - 125 90 1-40 - - 

884 Gas Triode Grid Type 60 Htr. 6.3 0.6 
300 300 - -  2 25000 - 
350 300 - 75 25000 - 

967 Grid-Controlled Rectifier 30 Fil. 2.5 5.0 2533 500 -9 - - - lo 24 
991 Voltage Regulator - - - - - 87 55-60 2.0 - - 
I 265 Voltage Regulator 4AJ Cold - - 130 90 5-30 - - 
1266 Voltage Regulator 4AJ Cold - - _ - 70 5-40 - - 
1267 Relay Tube 4V Cold - - Characteristics some o 0A4G 
2050 Grid-Controlled Rectifier IBA Htr 6.3 0.6 650 500 - 100 0.1-104 8 
3651 Voltage Regulator 580 Cold - - 115 115 87 1.5-3.5 - - 
5662 Thyratron-Fuse Fig. 79 Htr. 6.3 1.5 2003 I. to fuse- I50 Amp., 60 cycle, half-wave 50 V. 
5696 Relay Service 78N Htr. 6.3 0.15 5003 100 ma. peak current: 25- ma. average. 
5727 Gas Thyrotron 781.4 Htr. 6.3 0.6 880 _ I _ I _ I_   I 

3823 Relay or Trigger 4CK Cold - - Moo. peak inv. volts = 200, Peak Mo.= 100 Avg. Mo.=25 

5890 Shunt Regulator 12J Ht.. 6.3 0.6 Eat = - 60 volts: E02 = 200 volts: EG, = MOO volts. 
Er = 30000 volts: los =0 Ma.: le Mos.=0.5 Mo. 

5962 Voltage Regulator 2AG Cold - - 730 7CX) 5 555 - - 
5998 Series Regulator 880 Htr. 6.3 2.4 250 125 - 110 100 3504 - 
6308 Voltage Regulator SEX Cold - - - 3.5 115 87 _ 
6354 Voltage Regulator Fig. 12 Cold - - - 180 150 5-15 - - 
KY21 Grid-Controlled Rectifier Fil. 2.5 10.0 - - 3000 500 - - 
RK61 Radies•Controlled Relay -1 Fil. 1.4 0.05 45 1.5 33 - 0.5-1.5 34 30 

No base. Tinned wire leads. 
AI 1000 anode volts. 

Peak inverse voltage. 
Megohms. 

Values in e amperes 
Cathode resistor-Oins. 



V24 
TABLE X- RECTIFIERS- RECEIVING AND TRANSMITTING 

See Also Table IX-Conlrol and-Regulator Tubes 

Type Name Base Cathode 
. Fil. or Heater 

Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Mo. 

Mae. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

Type 
Volts Amp. 

103-0T/ 
183-0T 

Hoff-Wave Rectifier 3C 1,1. 1.25 0.2 - 1.0 33000 30 HV 

1K3/1J3 HoIf-Wave Rece,fier 3C Fil. 1.25 0.2 - 0.5 26000 so HV 
1V2 Hall-Wove Rectifier 9U Fil. 0.625 0.3 - 0.5 7500 10 HV 
2825 Hell-Wove Rectifier 3T Fil. 1.4 0.11 1000 1.5 - 9 FIV 
2X2-A HoIf-Wove Rectifier 4All Htr. 2.5 1.75 4500 7.5 - - HV 
222 Half- Wave Rectifier 4A8 Fil. 2.5 1.75 4400 5.0 - - HV 
222/1384 Half•Wove Rectifier 48 Fit. 2.5 1.5 350 50 - - HV 

3824 Hell-Wove Rectifier Fig. 49 Fil. 
5. 0   
2.55 

3.0 
3.0 

- 
- 

60 
30 

20 000 
20000 

303 
150 

IIV 

3828 Half-Wove Rectifier 41, Fil. 2.5 5.0 - 250 1C000 1000 HV 

5A114 Full-Wave Rectifier ST Fil. 50 4.5 
3Ce 3303 

1400 1075 HV 4003 3253 
5004 3254 

SAW4 Full-Wove Rectifier ST Fil. 5.0 4.0 
4503 2933 

1550 750 HV 
5504 2504 

MOT 
SIMOYA 

Full-Wove Rectifier ST Fil. 5.0 2.0 
9003 1503 

2930 650 HV 
9504 1754 

ST4 Full-Wove Rectifier ST fil. 5.0 2.0 450 250 1250 800 HV 
SU4t3 Full-Wove Rectifier ST fil. 5.0 3.0 Same os Type 5Z3 FIV 

51.140A Full-Wave Rectifier ST Fil 5.0 3.0 
3003 2753 

1550 900 HV 4503 2503 
5504 2504 

SU408 
SAS4A 

Full.Wove Rectifier ST Fil. 5.0 3.0 
3003 3003 

1550 1000 HV 4503 2753 
5504 2754 

5V3 Full-Wove Rectifier ST Htr. 5.0 3.8 
4253 
5004 350 1400 1200 HV 

5V4GA Full-Wove Rectifier SI. Mr. 5.0 2.0 3753 175 1400 525 HV 
SW40T Full-Wove Rectifier ST F.1 5.0 1.5 350 110 1000 - HV 
SX40 Full-Wove Rectifier SO F.1 5.0 3.0 Some os Type 5Z3 HV 
523-0-OT Full-Wove Rectifier ST F.I. 50 2.0 Some as Type 80 HV 
5Y4-0-0T Full-Wove Rectifier 50 F.1 5.0 20 Some os Type 80 1-1V 
523 Full-Wove Rectifier 4C Fil. 5.0 3.0 500 250 1400 - HV 
524 Full-Wove Rectifier SI. Htr. 5.0 2.0 400 125 1100 - HV 
6AV4 Full-Wove Rectifier SIN Htr. 6.3 0.95 - 90 1293 250 HV 
6AXSOT Full-Wove Rectifier 6S Htr. 6.3 1.2 450 125 1250 375 HV 
68W4 Full-Wave Rectifier 9DJ Htr. 6.3 0.9 450 100 1275 350 HV 
68X4 Full-Wove Rectifier SIS Her. 6.3 0.6 90 1350 270 HV 
682513 Full-Wove Rectifier 6CN Htr. 6.3 1.6 3753 175 1400 525 HV 
6CA4 Full-Wove Rectifier 9M Her- 6.3 1.0 3503 150 1000 450 HV 
6DA4 Hell-Wove Diode 4C124 Htr 6.3 1.2 -- .155 4400 900 HV 
6U4OT Hell-Wove Rectifier 4C0 Htr. 6.3 1.2 138 1375 640 HV 
6V4 Full-Wove Rectifier 9M Htr. 6.3 0.6 350 90 - - HV 
6X4/6063 

Full-Wove Rectifier 
7CF Htr. 6.3 0.6 3253 

450. 70 1250 210 HV 
6XSOT 6S 

623 HoIf-Wove Rectifier 40 Fil. 6.3 0.3 350 50 - HV 

12DFS Full-Wove Rectifier 91S Htr. 
6.3 0.9 

450 100 1275 350 HV 126 0 .  45 

12X4 Full-Wove Rectifier SIN Fit, 12.6 0 
6503 

9004 

70 

70 
 1250 

1250 
210.3 
210 

HV 

2513 Hell-Wove Rectifier 40 Htr. 25 0.3 250 50 - - HV 
2525 Rectifier- Doubler 6E Htr. 25 0.3 125 100 - WO HV 
25Z6 Rectifier-Doubler 70 Mr. 25 0.3 125 100 - 500 HV 
35W4 HoIfiWave Rectifier 580 Hlr. 351 0.15 125 60 330 600 HV 
35240T Half-Wove Rectifier SAA Hi, 35 0.15 250 100 700 600 HV 
35250 Hall-Wove Rectifier 6AD Htr. 351 0.15 125 60 - - HV 
36AM3 Half-Wove Rectifier 580 Htr. 36 0 I 117 75 36.5 530 HV 
50DC4 Half-Wave Rectifier 580 Hit. 50 0.15 117 100 330 720 HV 
50260T Full-Wave Rectifier 70 HI,. 50 0.15 125 es - - HV 
SOZ60 Voltage Doubler 70 Htr. 50 0.3 125 150 - HV 

80 Full-Wove Rectifier 4C Fil. 5.0 2.0 
350, 
5004 

125 
125 

1400 375 HV 

83 Full-Wove Rectifier 4C Fil. s.o 3.0 500 250 1400 800 MV 
83-V Full-Wave Rectifier 4AD Htr. 5.0 2.0 400 200 1100 - HV 
84/624 Full-Wove Rectifier SD Htr. 6.3 0.5 350 60 1000 - HV 
1171.70TP 
117M7OT 

Rectifler.Tetrode SAO Htr. 117 0.09 117 75 - - HV 

117EVOT Rectifier-Tetrode 8AV Htr. 117 0.09 117 75 350 450 HV 
117P7131. Rectifier-Tomes 8AV Htr 117 0.09 117 75 350 450 HV 
11723 Hell-Wave Rectifier 4C8 Htr. 117 0.04 117 90 330 HV 
816 HoII-Wave Rectifier 4P Fil. 2.5 2.0 2200 125 75fX1 500 MV 
egg Half- Wave Rectifier 4P HI, 2.5 5.0 - 5000 1000 HV 
1166-A-AX HoIf-Wave Rectifier 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 
8668 Half-Wove Rectifier 4P Fil. 5.0 5.0 8500 1000 MV 
866 Jr. Half-Wave Rectifier 41 Fil. 2.5 25 1250 2.9J2 - - MV 
872A/872 Half-Wove Rectifier 4AT Fil. 5.0 7.5 1250 10M 5000 MV 

1 Topped for pilot lomps. 
2 Per pair with choke input. 

Capacitor input. 
• Choke input. 

s Using only one-half of Moment. 
• Obsolete. 



TABLE XI- TRIODE TRANSMITTING TUBES V25 

Typa 

Maximum Ratings Callback, Capacitances 

.... 

Typical Operation 

il 

I iii d 
1 
I 

il  

m 1 ..ri 

h 

o 

1 
(.. 

Li i 

- 
I E 
st 

c. 
me 

c., 
me 

c.. 
MI. f . 

I -0 
0 ..4 
It 

.7. 2 

r• 
I4.. 
r. > 

:1} 
'.1m 
0> 

i 
t 

fi 
Et) D

A
.
 G
ri

d 
Cu

rr
en

t 
M
o
.
 

i 
• 3 
' 0 e. 

II E 
«Oa. 

i 
e 
0 

'41 
A-. 

i 
• e 
11 ei 

I: 
< OA 

938-A 0.6 135 7 1.0 500 12 1.25 0.1 0.6 26 08 5121 C • T .0 135 - 20 7 1.0 0.035 - 0.6 
6.16Aj. 1.5 300 30 16 250 32 6.3 0.45 22 1.6 0.4 7BF C. T 150 - 10 30 16 0.35 - 3.5 
9002 1.6 250 8 2.0 250 25 6.3 0.15 1.2 1.4 1.1 711.5 C T•0 183 -35 7 1.5 - - 0.5 
953 1.6 180 8 2.0 250 25 6.3 0.15 1.0 1.4 0.6 SIC C T.0 183 -35 7 1.5 - - 0.5 

HY11411 1.8 180 12 3.0 300 13 1.4 0.155 1.0 1.3 1.0 27 
COO 180 - 30 12 2.0 0.2 - 1.43 
CP 180 -35 12 25 0.3 - 1.11 

6F4 2.0 150 20 8.0 WO 17 6.3 0.225 2.0 1.9 0.6 711 Ç'T.0 150 
- 15 
550' 

2000. 
20 7.5 0.2 - 1.8 

12AU7AI 2.754 350 12, 3.5, 54 18 6.3 0.3 1.5 1.5 0.5 9A C 10 350 - 100 24 7 - - 6.0 
6026 3.0 150 30 10 • 400 24 6.3 0.2 2.2 1.3 0.38 Fig. 16 C T.0 135 13004 20 9.5 - - 1.25 
HY615 
HY-E1148 

3.5 300 20 4.0 300 20 6.3 0.175 1.4 1.6 1.2 Fig. 71 
C • T -0 300 - 35 20 7.0 0.4 - 4.03 
C•P 300 - 35 20 3.0 0.8 - 3.53 

6C4 5.0 350 25 8.0 54 18 6.3 0.15 1.8 

' 
1.6 1.3 680 C. T .0 300 - 27 25 7.0 0.35 - 5.5 

2C36 5 15005 - - 1200 25 6.3 0.4 IA 24 0.36 Fig. 21 C. 7010 10005 0 9005 - - - 2003 
2C37 5 300 - - 3300 25 6.3 0.4 1.4 1.85 0.02 Fig. 21 C• r 0,2 150 39004 15 3.6 - - 0.5 
3764 5 15005 11.5 - 3300 25 6.3 0.4 1.4 1.85 0.02 Fig. 21 CT•0 14 1000$ 0 13003 - - - 2005 
5675 5 165 30 8 3000 20 6.3 0 135 2.3 1.3 0.09 Fig. 21 G•G•0 120 -8 25 4 - - 0.05 
61472 5.54 350 1 304 5.04 10 35 6.3 0.8 - - - 88 Cr0 11 350 -100 60 10 - - 14.5 
2C40 6.5 500 1, 25 - 500 36 6.3 0.75 2.1 1.3 0.05 Fig. 11 C 10 250 - 5 20 0.3 - - 0.075 

5893 8.0 400 40 13 1003 27 6.0 0.33 2.5 1.75 0.07 Fig. 21 
C • T 350 - 33 35 13 2.4 - 6.5 
CP 300 -45 30 12 2.0 - 6.5 

G1.-6442 8.0 350 35 15 2500 47 6.3 

- 

0.9 5.0 2.3 0.03 
Cr 350 - 50 35 15 - - - 
CP 275 - 50 35 15 - - - 

2C34/ 
RK34, 

10 303 80 20 250 13 6.3 0.8 3.4 2.4 05 Fig. 70 C' «PO 300 -36 80 20 IS - 16 

2C43 12 500 40 - 1250 48 6.3 0.9 2.9 1.7 0.05 Fig. 11 C. T • 0 470 - 387 - - - 97 

6263 13 400 55 25 500 27 6.3 0.28 2.9 1.7 0.08 
CT 350 - 58 40 15 3 - 10 
CP 320 - 52 35 12 2.4 - 8 

6264 13 400 50 25 500 40 6.3 0.28 2.95 1.75 0.07 - _ C. T 350 -45 40 15 3 - 8 

107 15 450 65 15 8 8.0 7.5 1.25 4.1 7.0 3.0 4D 
C 10 450 -100 65 15 3.2 - 19 
C•P 350 -100 50 12 2.2 - 12 

HY7SA 15 450 90 25 175 9.6 6.3 26 IS 2.6 1.0 27 
er 453 - 140 90 20 5.2 - 26 
CP 400 -140 90 20 5.2 - 21 

801-A/801 20 600 70 15 60 8.0 7.5 1.2$ 4.5 6.0 1.5 40 
C•T 600 - 150 65 15 4.0 - 25 
CF 500 - 190 55 IS 4.5 - 18 
137 600 -75 130 3209 3.09 10K 45 

720 20 750 85 25 60 20 7.5 1.7$ 4.9 5.1 0.7 30 
C•T 750 -85 85 18 3.6 - 11 
CP 750 -140 70 15 3.6 - 38 

TZ20 20 750 85 30 60 62 7.5 1.75 5.3 5.0 0.6 30 
C•T 750 -40 85 28 - 3.75 - 44 
C•P 750 - 100 70 23 4.8 - 38 
87 800 0 40 136 160, 1.8, 1211 70 

ISE,. 

257 
3-25A3 

20 - - - 600 25 5.5 4.2 1.4 1.15 

0.3 

Fla. 51 

C T.0 

2000 - 130 63 18 4.0 - 100 

25 2000 75 25 60 24 6.3 3.0 2.7 1.5 30 

1500 -95 67 13 2.2 - 75 
1000 - 70 72 9 1.3 - 47 

B7 2000 -85 16 83 270, 0.7, 55.511 110 

3C28,. 
3C34,. 
3-2303 
240 . 

25 2000 75 25 

100 

23 6.3 3.0 

2.1 1.8 0.1 Fig. 31 

C'T'0 

2000 -170 63 17 4.5 - 100 
60 2.5 1.7 0.4 30 1500 -110 67 15 3.1 - 75 

150 
2.0 1.6 0.2 

2D 
1000 -80 72 15 2.6 - 47 

1.7 1.5 0.3 87 2000 -85 16/80 2909 1.1 9 55.511 110 

3C24 

25 2000 75 1 

7,, 60 24 6.3 3.0 1.7 1.6 0.2 20 
CI 2000 -130 63 18 1 - 100 

17 1600 60 CF 1600 - 170 53 11 3.1 - 68 
25 2000 75 AB,' 1250 -42 24 130 270, 3.49 2I.4K 112 

HK24 25 2300 75 30 60 25 6.3 3.0 2.5 1.7 0.4 30 
C•T 2000 - 140 56 18 4.0 - 90 
CF 1500 -145 50 25 5.5 - e 

8023 

30 
1000 

65 - 
503 18 63 1.92 

, 

2.7 2.8 0.35 4A0 
Gl..411/4 1000 - 135 50 4 3.5 - 20 

20 65 20 CT, 800 -105 40 10.5 1.4 - 22 
30 80 20 CT 1000 -90 50 14 1.6 - 35 

HY3IZI 
HY123IZ2 

30 500 150 30 60 45 
6 3 3.5 

5.0 5.5 1.9 Fig. 60 
C•T 500 -45 150 25 2.5 - 56 

126 1.7 CP 400 -100 150 30 3.5 - 45 

316A 
VT-191 

30 450 80 12 500 6.5 20 3.65 1.2 1.6 0.8 
CT 450 - 80 12 - - 7.5 

CP 400 - 80 12 - - 6.5 

809 30 1000 125 - 60 50 63 2.5 5.7 6.7 09 30 

C•T 1000 -75 100 25 3.8 - 75 
C-P 750 -60 100 32 4.3 - 65 
B7 IWO -9 40/200 155, 2.7, 11.6K 145 

1623 30 1000 100 25 60 20 6.3 2.5 5.7 6.7 0.9 30 
C'T•0 1000 -90 100 20 3.1 - 75 
CP 750 -125 100 20 4.0 - 55 
B7 1000 -40 30/200 V109 4.29 12K 145 

8012 
GL-8012-A 

40 1000 80 20 500 18 6.3 2.0 
27 2.8 0.35 

Fig. 54 

C• T*0 1000 -90 50 14 1.6 - 35 

27 25 04 
C.P MO -105 40 10.5 1.4 - 22 
G.M.A 1000 - 135 50 4.0 3.5 - 20 

740 40 1500 150 40 60 25 7.5 2.5 4.5 4.8 0.8 BO 
C T.0 1500 - 140 150 28 9.0 - 158 
C'1' 1250 -115 115 20 525 - 104 

TZ40 40 1500 150 45 60 62 7.5 2.5 4.8 5.0 0.8 30 

C.T .0 1500 -90 153 38 
, 

10 - 165 
CP 1250 -100 125 30 7.5 - 116 
87 1500 -9 2509 2859 6.09 12K 250 

3-30A4 
351 

50 2000 150 50 100 39 5.0 1.0 

4.1 

1.8 

0.3 30 CT 2000 - 135 125 45 13 - 200 

3-50D4 
33TO 

2.5 0.4 20 
CP 1500 -150 90 40 11 - 105 
EV 2000 -40 4/167 255, 4.04 27.00 235 

, See page V27 for Key to Class of.Service abbreviations. 
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HKS4 50 3000 IS) 30 103 27 5.0 50 1.9 1.9 0.2 2D 

CI 3000 -290 100 25 10 - 250 

C17 2.9010 -250 100 20 8.0 - 210 

B7 2500 -85 20 150 3609 eo 40K 275 

185 55 1500 150 40 60 20 7.5 3.0 50 3.9 1.2 30 
CT 1500 -170 150 18 6.0 - 170 
C.P 1500 -195 125 15 5.0 - 145 

811 55 1500 150 50 60 160 6.3 4.0 5.5 55 0.6 30 

CT 1500 -113 150 35 8.0 - 170 

C.P 1250 -125 125 50 II - 120 
B, 1500 -9 20200 1509 3.o8 I7.6K 220 

812 55 1500 150 35 60 29 6.3 40 53 5.3 0.8 3C4 

CI 1500 -175 150 25 6.5 - 170 

CI' 1250 -125 12$ 25 6.0 - 120 

87 1500 -45 50'200 2329 4.74 I8K 220 

826 55 1000 140 40 250 31 7.5 4.0 3.0 2.9 1.1 780 

C•r0 1000 -70 130 35 5.8 - 90 
CT' 1000 -160 95 40 11.5 - 70 
Gl../11,. 1000 -125 65 9.5 82 - 25 

8308 
9308 

60 1000 150 30 15 25 10 2.0 50 II 1.8 30 
CIO 1000 -110 140 30 7.0 - 90 
C17 800 -150 95 20 5.0 - 50 

B? 1000 -35 20, 280 2709 6.04 7.6K 175 

811-Art 65 1500 175 SO 60 160 6.3 4.0 5.9 56 0.7 30 

CI 1500 -70 173 40 7.1 - 200 
C•P 1250 -120 140 45 10.0 - 135 

B7 1500 -4.5 32/313 1709 4.44 I2.4K 340 

812-A 65 1500 175 35 60 29 6.3 4.0 5.4 5.5 0.77 30 

CI 1500 -120 173 30 6.5 - 190 
C•P 1250 -115 140 35 7.6 - 130 
137 1500 -48 28 310 2709 5.0 122K -340 

5514 65 1500 175 60 60 145 7.5 3.0 78 79 1.0 480 

CT 1500 -106 175 60 12 - 200 
C.P 1250 -84 142 60 10 - 135 
B7 1500 -4.5 3504 884 6.54 105K 400 . 

3-75A3 
75TH 

75 3000 225 40 40 20 5.0 6.25 27 23 03 2D 

CT 2000 -200 150 32 10 - 225 

C.P 2000 -300 110 15 6 - 170 

67 2000 -90 50225 3509 34 I92K 300 

3-75A2 
7STL 

75 3000 225 35 40 12 50 6.25 2.6 2.4 0.4 2D 

CT ZOO - 300 150 21 8 - 225 
C•P 2000 -500 130 20 14 - 210 
A8,7 2000 -190 50 250 6009 54 I8K 350 

8005 85 1500 200 45 60 20 10 3.25 6.4 5.0 1.0 _ 30 

CT 1500 -130 200 32 7.5 - 220 
C.P 1250 -195 190 28 9.0 - 

10K 

„170 

300 V 1500 -70 40 310 3109 4.0 

V-70-D 85 1750 200 45 30 - 7.5 3.25 4.5 4.5 1.7 30 

CI 
1750 100 170 19 3.9 - 225 
1500 -90 165 19 3.9 - 195 

CF. 
1500 -90 165 19 3.7 - -185 

1250 -72 127 16 2.6 - 122 

3-100A4 
100TH 

100 30130 225 60 40 40 eo 6.3 2.9 2.0 04 20 

eT 
3000 -200 165 51 18 - 400 

C•P 

87 3000 -65 40/215 3359 5.04 31K 650 

3-100A2 
11013TL 

100 3000 225 50 40 14 5.0 6.3 2.3 2.0 0.4 2D 

CT 
3000 -400 165 30 20 - 400 

C•P 

G1,..TA 3000 -560 60 2.0 7.0 - 90 

B7 3000 -185 40/215 6409 6.04 30K 450 

VT127A 100 3000 - - 150 155 5.0 10.4 2.7 2.3 0.35 Fig. 53 
CI 2000 -340 210 67 25 - 315 

Pe IWO -125 242 44 7.3 3K 200 

211 
311 

100 1250 175 50 IS 12 10 3.25 
6.0 14.5 5.5 

4E 

CI 1250 -225 150 18 7.0 - 130 

6.0 9.25 50 
CF 1000 -260 150 35 14 - 100 

B7 1250 -100 20/320 4109 8.04 9K 260 

254 100 4000 225 60 - 25 5.0 7.5 2.5 2.7 0.4 2N 

CT 3000 -245 165 40 18 - 400 

C.P 2500 -360 168 40 23 - 335 

B' 2500 -80 40, 240 4609 25 252K 420 

8003 100 1500 250 901 30 12 10 3.25 5.8 11.7 3.4 3N 

C•r0 1350 -180 245 35 11 - 250 

CF 1100 -260 200 40 15 - 167 

B.7 1350 -100 40/490 4809 10.54 6K 460 

30C100A5il 
100 1000 125,4 

SD 2500 100 6.0 1.05 7.0 2.15 0.035 - 
G.G•A 800 -20 80 30 6 - 27 

70 600 100,4 CT' 600 -15 75 40 6 - 18 

3X100All 
2C39 

100 1000 60 40 500 100 6.3 1.1 6.5 1.95 0.03 - G.1.0 600 -35 60 40 SO - 20 

13L2C39A ,5 
OL2C398 15 

100 
1000 125 ,4 50 500 100 6.3 1.0 

6.5 1.9 0.035 C•r0 900 -40 90 30 - - 40 

70 7.0 1.9 0.035 CT' 600 -150 1040,4 50 - - - 

3C22 125 1000 150 70 500 40 6.3 2.0 4.9 2.4 0.05 Fig. 17 C•T*0 1000 -200 150 70 - - 65 

0L146 125 1500 200 60 15 75 10 3.25 7.2 9.2 3.9 Fig. 56 
C1 .0 1250 -150 180 30 - - 150 
Cl' 1000 -200 160 40 - - 100 

B7 1250 0 34 320 - - 84K 250 

13L152 125 1500 200 60 15 25 10 3.25 7.0 8.8 4.0 Fig. 56 

C-T-0 1250 -150 180 30 - - 150 
CP 1000 -200 160 30 - - 100 

B7 1250 -40 16 320 - - 8.4K 250 

805 125 1500 210 70 30 40 60 10 3.25 8.5 6.5 10.5 3N 

CT 1500 -105 200 40 8.5 - 215 

Cf 1250 -160 160 60 16 - 140 

B7 1500 -16 84/400 2809 7.04 &2K 370 

AX9900/ 
5866,5 

135 2500 200 40 150 25 6.3 5.4 5.8 55 0.1 Fig. 3 

C. T 2570 -200 200 40 16 - 390 

CF 2000 -225 127 40 16 - 204 

EV 2500 -90 80 330 3509 14, I568K 560 

3-150A3 
152114 

150 3000 450 85 40 20 
5.0 12.5 

5.7 4.8 0.4 48C 

CT 3000 -300 250 70 27 - 600 

Cl' 2500 -350 200 30 15 - 400 
10 6.25 ee 2500 -125 40 340 3909 164 I7K 600 

1 See page V27 fo Key to Clou ol-Sery ce abbreviations. 
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3-15042 
152TL 

150 3000 450 75 40 12 
5 12.5 

4.5 4.4 0.7 411C 
OT 3000 -400 250 40 20 - 600 

10 6.25 le 3000 -260 65 335 6759 38 20.4K 700 

HF201A 150 2500 200 50 30 18 10-11 4.0 8.8 7.0 1.2 Fig. 15 

C•T 2500 -300 200 18 8 - 380 
C.P 2000 -350 160 20 9 - 250 
B9 2500 -130 60 360 4608 88 I6K 600 

GL-5C24 160 1750 107 10 5.2 5.6 8.8 3.3 Fig. 15 
A, 1930 -155 107 - - 8.202 55 
AB, 1750 -200 3208 3909 - 8K 240 

810 175 2500 300 75 30 36 10 4.5 8.7 4.8 12 2N 

OT 2500 -180 300 60 19 - 575 
C-P 2000 -350 250 70 35 - 380 
CAA-A 22-53 -140 103 20 4 - 75 
V 2250 -60 70,450 3809 138 1 I.6K 725 

8000 175 2500 300 45 30 16.5 10 4.5 5.0 6.4 3.3 ; 2N 

i 

C-T-0 2500 - 240 300 40 18 - 575 
C-P 2000 - 370 250 37 20 - 392 
G.M.A 2250 - 265 100 0 25 - 75 
87 2250 -130 , 65 450 5609 7.98 I2K 725 

7200 200 2500 350 80 30 16 10 5.75 9.5 7.9 1.6 12N 
I 

CT 2500 -280 1 350 54 25 - 685 
OP 2000 -260 300 54 23 

592/. 
3-20043 

200 3500 250 25,3 

193 25 10 5.0 3.6 3.3 0.20 Fig. 28 
C.T 3500 -VO 228 30 15 - 600 

130 2600 200 2513 OP 2500 -300 200 35 19 - 375 
200 3500 250 25,3 6, 2000 -50 120 503 5209 2081 8.5K 600 

4C34 
HF300 200 3000 275 60 

60 
23 11-12 4.0 6.0 6.5 1.4 2N 

C.T 3000 -400 250 28 16 - 600 

20 C.P 2000 -303 250 36 17 - 385 
87 3000 -115 60,360 4509 138 20K 780 

T-300 200 3000 300 - - 23 11 6.0 6.0 7.0 1.4 - 

CT 3000 -400 250 28 20 - 600 
C.P 2000 -300 250 36 17 - 385 
V 2500 

-3300 

-100 60 450 - 7.58 - 750 

606 225 3300 300 50 30 12.6 5.0 10 6.1 4.2 1.1 2N 

C.T -600 303 40 34 - 780 
C.P 3000 -670 195 27 24 - 460 
Be 3300 -240 ' 80 475 9309 354 I6K 120 

3-25044 
250TH 250 4000 350 4013 40 37 5.0 10.5 4.6 2.9 0.5 2N 

CIO 
2000 -100 357 94 29 - 464 
3000 -150 333 90 32 - 750 
I 

C.P 

2000 -160 293 60 22 - 335 
2500 -180 225 45 17 - 400 
3000 -200 L 200 38 14 - 435 

A822 1500 0 1220/700 4609 468 4.2K 630 

3-25042 
250TL 250 4000 350 35,8 40 14 5.0 10.5 3.7 3.0 0.7 2N 

CT -0 
2000 -200 350 1 45 22 - 155 
3000 -350 335 45 29 - 750 

OP 

2000 -520 250 29 24 - 335 
2500 -520 225 20 16 - 400 
3000 -520 200 i 14 11 - 435 

A829 1500 -40 200/7031 7809 388 3.80 583 

5867 
AX-9901 

2.`,0 1)00 400 80 100 25 5.0 14.1 7.7 5.9 0.18 Fig. 3 

C-T 3000 -293 I 363 I 69 27 - 840 
OP 2500 -300 250 i 70 28 - 482 
Be 3000 -110 , 5708 ; 4659 32 I4.2K 280 

PL-6569I9 250 4000 300 20 30 45 5.0 14.5 7.6 3.7 0.1 Fig. 3 G.G.A 

2500 -70 300 85 7520 - 555 
3000 -95 300 110 8520 - 710 
3500 -110• 285 90 890 - 805 
4000 -1201 250 50 7020 - 820 

3-30043 
304TH 

300 3000 903 60,2 40 20 

5.0 

- 

25 

13.5 10.2 0.7 

, 

41C O  

CT -0 
1500 -125 I 665 115 25 - 700 
2000 -200 603 125 39 - 900 

P 

1500 -200 420 I 55 18 - 500 

10 12.5 

2000 -300 440 60 26 - 680 
2500 -350 400 60 29 - 800 

AB,' 1500 -65 10658 3309 258 284K 1000 

3-30042 
30471.,, 300 3000 900 5013 40 12 

50 25 

12.1 8.6 0.8 48C 

C-T'0 
1500 -250 665 90 33 - 700 
2020 -300 600 85 36 - 900 

C.P 

2000 -500 2.9) 30 18 - 410 
2003 -930 500 75 52 - 810 

10 125 

2500 -525 200 18 II - 425 
2500 - 550 400 50 36 - 830 

AB,' 
1500 -118 270/572 2369 0 254K 256 
2500 -230 160/483 4609 0 8,50 610 

AE12, 1500 -118 11408 4909 398 275K 1100 

833A 

350 

4 ,3 53 

3300 

4000,8 

100 

30 

pis 

35 10 10 12.3 6.3 8.5 Fig. 41 

Or 0 
2250 -125 445 85 23 - 780 
3000 -160 335 70 20 - 800 

C . F, 2500 -303 335 75 30 - 635 
3000 -240 335 70 26 - 800 

B9 3000 -70 100/750 4009 208 9.50 1650 

Pt-6580 ,9 400 4000,8 350 120 - 45 50 14.5 7.6 3.9 0.1 5BK G-G-A 4000 -110 350 92 0520 - 1080 
2500 -70 350 95 es _ 660 

• Cathode resistor in ohms. 
KEY TO CLASS-OP-SERVICE ABBREVIATIONS 
A, = Class-A, . f. modulator. 
AB, = Class- AB, push-pull o.f. modulator. 
AB, Class•AB2 push-pull . f. modulator. 

=- doss-B push-pull col. modulator. 
CM = Frequency multplies. 
C'P = Class.0 plate- modulated telephone. 
C-T = Class-C telegraph. 
C-T-0 = Class-C amplifier-osc. 
G•G•A -= Grounded-grid class-C amp. 
G>G•0 = Grounded-grid osc. 

G'I'C = Grid-isolafon circuit. 
G.M.A = Grid•moduated amp 
2 Twin triode. Values, except interelectrode copoci-

lances, ore for both sections in push-pull. 
3 Output at 112 Mc. 
• Grid leak resistor in ohms. 
3 Peak volves. 
/1 Per se,,11011. 

7 Values ore for two tubes in push-pull. 
9 Max. signal value. 
9 Peak . f. grid- so-grid volts. 

so Plate-pulsed 1000-Mc. osc. 

Class-8 data in Table II. 
13 000-MC. c.w. 
.3 3.403. grid oissipation in watts. 
.4 Max. cathode current in mo. 
13 Forced-air cooling required. 
is Plate- pulsed 3300-Mc. osc. 
59 1900-Mc. c.w. osc. 
" No Class-8 dota available. 
" Linear-amplifier tube- operation data for single 

sidebond in Table 11-1. 
09 Includes bias loss, grid dissipation, and feed-through 

power. 
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6939, 7.5 275 3 200 530 
6.3 0.75 

0.15 1.55 Fig. 13 
Cr 200 no - -20 60 13 2 1.0 - 7.5 

12.6 0.375 
16 CP 180 183 - -20 55 11.5 1.7 1.0 - 6 

CM 200 190 - 68K 1, 46 10 2.2 0.9 - - 
RK25 10 500 8 250 - 

2.5 2 
10 0.2 

r 
10 68M 

CT 500 200 45 -90 55 38 4 -0.5 - 22 
6.3 0.9 CP 400 150 0 -90 43 30 6 0.8 - 115 

2E30 10 250 25 250 160 6 0.7 10 0.5 15 7C0 
CT 250 200 - -50 50 10 25 0.2 - 7.5 
A82. 250 250 - -30 40/120 4/20 2.37 az 3.8K 17 

837 12 5C0 8 300 20 12.6 0.7 16 0.2 10 68M 
CT 500 203 40 -70 813 15 4 0.4 - 28 
C P 400 140 40 -40 45 20 5 0.3 - 11 7331 

7558 12 300 2 250 175 
12.6 0.38 io 

0.15 5.5 91.1( 
CT 300 250 - -55 80 5.1 1.6 1.5 - 10 

6.3 0.8 C P 250 250 - -75 70 3.0 23 1.0 - 73 

5763 
13.5 350 2 250 50 

0 0.75 
9.5 0.3 4.5 9K 

C T 350 250 - -205 48.5 6.2 1.6 0.1 - 12 
C P 300 250 - -42.5 50 2.4 0.15 6417 

1 
0.375 C M. 300 250 - -75 40 4 I 06 

- 

- 

10 

2.1 
C M. 300 235 - -100 35 5 I 0.6 - 1.3 

2E24 13.5 600 2.5 200 125 6.3. 0.65 8.5 0.11 15 7CL 
C P 500 193 - -45 54 8 2.5 0.16 - 18 
C T 600 195 - -50 66 10 3 0.21 - 27 

2E26. , 
13.5 600 2.5 200 125 

6.3 0.8 
0.2 7 7CK 

C T 600 185 - -45 66 10 3 0.17 - 27 
6893 12.6 04 

12.5 CP 500 180 - - 50 50 9 25 0.15 - 18 
AB,. 500 125 - -15 22 150 32, - 0.367 81) 54 

6360, 300 2 200 200 
6.3 0.82 

6.2 0.1 26 Fig. 13 

CT 300 200 - -45 1CO 3 3 0.2 - 18.5 
CP 200 103 - IS))' 86 3.1 3.3 0.2 - 9.8 12.6 0.41 C M" 330 150 - -100 65 15 18 0.45 - 4.8 
AB, 300 200 - -21.5 30'100 I 11.4 64. 0.04 6.5K 17.5 

2E25 15 450 4 250 125 6 0.8 8.5 0.15 6.7 58J 
C T 0 450 250 - -45 75 15 3 0.4 - 24 
CP 400 200 - -45 60 12 3 04 - 16 
AN. 450 250 - -30 44 150 10 40 3 0.9, 6K 40 

832A, IS 750 5 250 200 .3 1.6 
8 0.07 18 78P 

CT 750 203 - -65 48 15 2.8 0.19 - 26 
126 0.8 CP 6C0 200 - -65 36 16 26 0.16 - 

1619 15 400 3.5 300 45 2.5 2 10.5 0.35 12.5 Fig. 74 

C T 400 330 - -55 75 10.5 5 0.36 - 19.5 
CP 325 285 - -50 62 73 28 0.18 - 13 
MY 400 330 0 -16.5 75/150 d.5111.5 - 0.4, 6K 36 

5516 15 600 5 250 80 6 0.7 8.5 0.12 6.5 7CL 
CT 600 250 - -60 75 15 5 0.5 - 32 
C P 475 250 - -90 63 10 4 0.5 - 22 
AB,. 600 250 - -25 36 140 1 '24 47 0.16 10.5K 67 

6252/ 
AX9910, 20 750 4 300 300 

6.3 1.3 
6.5 - 2.5 Fig. 7 

CT 600 252 - .-60 140 14 4 2.0 - - 
126 0.65 

CP 500 250 - -80 100 12 3 4.0 - - 
B 500 250 - -26 25 73 0.7 16 524 - 20K 22.5 

1614 25 450 15 300 80 6.3 0.9 10 0.4 12.5 
C T 453 252 - -45 100 8 2 0.15 - 31 

7AC C P 375 250 - -50 93 7 2 0.15 - 215 
1014 530 340 - -36 60 160 20, - - 7.2K 50 

815, 25 500 4 200 125 6.3 1.6 
13.3 0.2 8.5 

CT 0 500 200 - -45 150 17 2.5 0.13 - 56 
12.6 0.8 118Y CP 400 175 - -45 150 15 3 016 - 45 

AB, 500 125 - -15 22150 32, - 0.367 81: 54 

1621 25 600 15 300 60 2.5 2 II 0.25 7.5 
C T 6130 3C0 - -60 90 10 5 0.43 - 35 

Fig. 66 CP 500 275 - -50 75 9 13 0.25 - 24 
AB,' 603 300 - -25 42 180 5 15 106. 1.27 7.5K 72 

6146. , 

25 750 3 250 60 

6.3 1.25 

135 022 8.5 

C T 
500 170 - -66 135 9 25 0.2 - 48 
750 160 - -62 120 II 3.1 0.2 - 70 

6883 12.6 0.625 

C T" 400 190 - -54 150 10.4 2.2 10 - 35 
7CK C P 

400 150 - -87 112 7.8 3.4 0.4 - 32 
600 150 - -87 112 7.8 14 0.4 - 52 

6159 26.5 0.3 AB,'750 
600 190 - -48 28 270 1.2 20 27 0.03 51( 113 

165 - -46 22 240 0.3/20 2.6, 0.04 7.4K 131 
AB,. 750 195 - -50 23/222 1/26 100. 0 81( 120 

6324, 25 600 300 100 
6.3 1.25 

7 0.11 14 
CT 600 200 - -14 120 8 3.7 0.2 - 56 

6850 12.6 0.625  Fig. 76 CP 500 2C0 - -61 100 7 2.5 0.2 - 40 
AB, 500 200 - -26 20/116 0.1/10 2.6 0.1 II.IK 40 807. , 

807W 
5933  750 3 5 300 60 

6.3 0.9 
0.2 7 

C T 750 250 - -45 100 6 3.5 0.22 - 50 
SAW CP 

A132. 

600 

750 

275 

300 

- 

- 

-90 

-32 

100 

60 240 
15 

5 10 
4 0.4 - 42.5 

1625. , 12.6 0.45 SAZ W. 7.9:1 - - 0 15 210 - 
92. 

5554 
0.2, 

5.37 
6.95K 120 
6.65K 120 2E22 30 7S) 10 250 - 6.3 1.5 13 0.2 8 $J C T 0 750 250 22.5 -60 100 16 6 0.55 - 53 AX-

9903, 
5894 

600 7 250 250 .3 1.8  
0.9 17 0.08 2.1 Fig. 7 

Cr 600 250 - -80 200 16 2 0.2 - 80 
12.6 CP 600 292 - -100 200 24 8 1.2 - 85 

8298, 
3E29, 

10 750 7 240 200 
6.3 2.25 

14.5 0.12 7 
CT 530 200 - -45 240 32 12 0.7 - 83 

12.6 1.125 71111 CP 425 200 - -60 212 35 II 0.8 - 63 
8 500 200 - -18 27 230 - 564 0.39 4.81) 76 

HY1269 10 7.5) 5 300 
6.3 3.5 

16 025 75 
C-T•0 750 300 - -70 120 15 4 0.25 - 63 6 

12.6 1.75 
Fig. 63 CP 600 292 - -70 TOO 12.5 5 0.5 - 42 

A82. 600 300 - -35 2007 - - 03 - 80 
3024 45 2000 10 400 125 13 3 65 02 24 Fig. 75 C TO 2°°° 375 - -3°° 9° 2° I° 4.° - 14° IMO 375 - -300 90 22 10 4.0 - 105 
4022 

50 750 14 350 

126 
25.2 

11 
0.8 

0.27 13 

Fig. 26 C 750 300 - -100 240 26 12 1.5 - 135 
600 300 - -100 215 30 W 1.25 - 100 

4032 

60 

6.3 

28 

3.75 Fig. 27 CP 550 
600 - - -100 220 28 10 1.25 - 100 

- - -100 175 17 6 0.6 - 70 
AB,. 603 250 - -25 100 365 267 70. 0.457 31) 125 

814 65 1500 10 no 30 10 125 13.5 0.1 13.5 Fig. 64 
Cr 1500 300 - -90 150 24 10 1.5 - 160 
CP 1250 300 - -150 145 20 10 3.2 - 1313 

e 9090 V29 for Key to Class- of- Service obbreviotions. 
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4-65603 65 3300 10 KO 150 6 3.5 8 0.08 2.1 Fig. 35 

C-T•0 
1500 253 - -85 150 40 18 3.2 - 165 
3000 250 - -100 115 22 10 1.7 - 

- 
280 

,.. , 
''''' 

IWO 250 - -125 120 40 16 3.5 - 140 

2500 250 - -135 110 25 12 2.6 - 230 
AB,. 1860 250 - -50 50 250 30' 180. 2.67 20K 270 

4E27/ 
8001 

75 40E0 30 750 75 5 7.5 12 006 6.5 711M CT 2000 500 60 -200 150 11 6 1.4 - 230 

C-P 1800 400 60 -130 135 11 8 1.7 - 178 

HK257 
HK25711 

75 4X0 25 750 75. 0 5 7.5 13.8 0.04 6.7 78M 
C•T 2000 500 60 -200 150 11 6 IA - 230 

C'T 1800 400 60 -130 135 II 8 1.7 - 178 

PL-6549 75 2000 10 600 175 6 3.5 7.5 0.09 14 Fig. 14 

CI 2000 400 70 -125 150 12 5 08 - 270 
Cf 2000 400 70 -140 125 15 4 0.7 - 200 
AB,. 2000 400 70 -85 30 225 0.1 10 180. 0.05' I9K 325 

828 80 2CCO 23 750 30 10 3.25 13.5 

--

0.05 14.5 

, 

5J 

CT 1560 400 75 -100 180 28 12 2.2 - 200 
C-P 1250 400 75 -140 160 28 12 2.7 - 150 
A1310 2000 7.50 60 -120 50 270 2 60 240 0 18.5K 385 

6816, 
115 1CX 4.5 300 400 

6.3 2.1 

14 0085 0.015 Fig.?? 

C-T0 900 300 - -30 170 1 10 3 - 80 
C-P 700 253 - -50 130 10 10 3 - 45 

6884 
26.5 0.52 

AB,' 850 300 - -15 80 200 0 20 30. 0 7K 80 
AB,' 853 300 - -15 80/355 0/25 460 0.3 3.96K 140 

813 13 125 2500 20 800 30 10 5 16.3 0.25 14 511A 

C•T•0 
1250 300 0 -75 180 35 12 1.7 - 170 
2250 400 0 -155 220 40 15 4 - 375 

C•P 
1250 300 0 -160 150 35 13 2.9 - 140 
2000 350 0 -175 200 40 16 4.3 - 300 

AB,. 
2000 750 0 -90 40 315 1.5 58 230. 0.1' I6K 455 
2500 750 0 -95 35 360 1.2 55 235. 0.35" I7K 650 

4-125Au 
4021 
6155 

125 3006 20 600 120 5 6.5 10.8 0.07 3.1 58K 

C•T-0 
2000 350 - -100 200 50 12 2.8 - 275 
3000 350 - -150 167 33 9 2.5 - 375 

C•P 
2000 350 - -220 150 33 10 3.8 - 225 
2500 350 - -210 152 30 9 3.3 - 300 

AB,. 2500 350 - -43 93. 260 0,-6 178. 1.0, 22K 400 
AB,. 2500 600 - -96 50 232 0.3/8.5 192. 0 203K 330 

4527A/ 
5-12511 

125 4000 20 750 75 5 7.5 10.5 0.08 4.7 78M CT 
3000 500 60 - 200 167 5 6 1.6 - 375 
1000 750 0 -170 160 21 3 0.6 - 115 

803 125 2006 30 !CO 20 10 5 17.5 0.15 29 5J 
C-T 2000 500 40 -90 160 45 12 2 - 210 
C'P 1600 400 100 -80 150 45 25 5 - 155 

7094 125 2000 20 400 60 6.3 3.2 9.0 0.5 I 8 Fig. 82 

C'T 1500 400 - -100 330 20 5 4 - 340 
C-P 1200 400 - -130 275 20 5 5 - 240 
AB, 2000 400 - -65 60 IGO - 120. 0 I2K 560 

4X150A 150. 1250 12 400 500 
6 2.6 15.5 0.03 4.5 Fig. 75 

- 

C-T•0 1250 250 - -90 200 20 10 0.8 - 195 
CI' 1000 250 - -105 200 20 15 2 - 140 

4X1500 13 25 6.25 27 0.035 4.5 AB,. 1250 300 - -44 475' 0 65 100. 0.15' 5.6K 425 

4-250A13 
5E122 
6156 

2500 4000 35 600 110 5 14.5 127 0.12 

1 

4.5 58K 

OT.0 
2500 500 - -150 300 60 9 1.7 - 575 
3000 500 - -180 345 60 10 2.6 - 800 

C.P 
2500 400 - -200 200 30 9 2.2 - 375 
3003 400 - -310 225 30 9 3.2 - 510 

AB,. 2000 300 - -48 510" 0 26 198. 5.57 BK 650 
AB,. 2500 600 - - 110 430' 0.3 13 180. 0 11,4K 625 

4X2508 2500 2000 12 400 175 6 2.1 18.5 0.04 4.7 

C•T•0 2000 250 - -90 250 25 27 28 - 410 
Fig. 75 C•P 1500 250 - -100 260 25 17 21 - 250 

AB,' 2000 350 - -50 560' 30' 100. 0 8.26K 650 
70341, 
4X150A 

250 zeo 12 300 

150 

6 2.6 

16 0.03 4.4 Fig. 75 

C'T -0 2000 253 - -88 250 24 8 2.5 - 370 

C'P 1600 250 - -118 260 23 5 3 - 230 
7035/u 
4X150D 250 2003 12 4X1 26.5 0.59 

AB,. 2060 300 - -50 100:500 0,36 106. 0.2 8,IK 630 
Alki• 2000 300 - -50 103/47 0 36 100. 0 8.76K 580 

ICX-
300A 

3000 2000 12 400 500 6 275 29.5 004 4.8 - 

CT 2000 250 - -90 250 25 27 2.8 - 410 
C•P 1500 250 - -100 200 25 17 2.1 - 250 
AB,. 2000 350 - -50 500' 30' 100. 0 8.26K 65) 

4-400A 400, 40() 35 600 110 5 14.5 12.5 0.12 4/ 58K C•T'C'P 4000 300 - -170 270 22.5 10 10 - 720 

4-1000A 1000 6000 75 1000 - 7.5 21 27.2 .24 7.6 - 

CT 3000 500 -150 700 146 38 11 1430 
CF WOO 500 - -200 600 145 36 12 1390 
AB, 4030 500 - -60 300/1200 095 - II 7K 3000 

ICX1000A 1000 3000 12 350 - 6 12.5 35 .005 12 - AB, 

2000 325 - -55 10/10)-4 60 - - 28K 2160 
2500 325 - -55 500/2000 -4, 60 - 3.1K 2920 
3000 325 - - 55 920 1E1X -4 60 - 3.85K 3360 

PL-172 1000 3000 35 600 - 6 7.8 38 .09 18 - 

CT 

2060 400 75 -150 725 44 22 4.1 1110 
2500 500 75 -175 960 64 31 6.8 1870 
XCID 500 75 -175 900 56 24 4.8 2170 

AB, 

2000 500 75 -110 400 1600 20 90 2101 - 2.65K 1820 
2500 500 75 -110 440 1600 20 85 210. -- 151Z 310 
3000 500 75 -115 440 1500 10 75 260. - 4.6K 2680 

Grid- resistor. 
Doubler ro 175 Mc. 
• Dual tube. Values for both sections, in push-pull. Interelectrodo 

capacitances, however, ore for each section. 
to 175 Mc. 

• Filament limited to intermittent operation. 
Values ore for two tubes in push-pull. 
Mao-signal value. 
. Peak grid.to-grid o.f. volts. 
• Forced-air cooling required. 
I0 Two tubes triode connected, G2 tO GI through 20K D. Input to G2. 

Tripler to X0 Mc. 

" Typical Ope ofion at 175 Mc. 

I• lineor•amplifier tube- operation data for single-sideband in 
Chop. II, 

14 KEY TO CLASS-OF- SERVICE ABBREVIATIONS 
AB, = Class•ABI push-pull cri. modulator. 
AB, = AB, push-pull of. modulator. 
B=Closs-B push-pull a.f. modulator. 
C-M= Frequency multiplier. 
C-P- Class-C plate-modulated telephone. 
C'T=Class-C telegraph. 
C-TO -=Closs-C amplifier- 05c. 

10 No Class B dolo avoilable. 
101-1K2578 120 Mc. full rating. 



V30 TABLE XIII — ELECTROSTATIC CATHODE-RAY TUBES 

Heater 
Base 

Anode 
No. 2 
Voltage 

Anode 
No. 1 

Voltage, 

Anode 
No. 3 

Voltage 

Cut-off 
Grid 

Deflection 
Avg. Volts DC/Inch 

TYP66 
Volts Amp. Voltage7 DI Ds D3 D. 

1 EP1-2-11 6.3 0 6 MUM 1000 100/300 _ —14/-42 210/310 240/350 

2AP1A MfflniMIIIMI WC° 250 — —30/-90 230 196 

28P1-11 MfflfflrifflŒM " 3 300/560 — —135 270 174 

3ACP1-7-11 2t' •f 2°C° 545 4000 —45/-75 180/220 133/163 

3API -4-906-P1-4-5-11 
2.5 

2 I lenlal. 1500 430 — —25/-75 114 109 

3API A . MUM 
311P1-4-11 

6.3 
0 KM. 2000 575 — —30/-90 200 148 

3BPI A 
.6 

EIZMI 
3CP 1 9' L11 2°°° 575 _ —30/-90 124 165 

3DP1A-3DP7 Mfflfflannaffl 2°°0 575 _ —30/-90 220 148 

3EP1-1806-P1 lifflfflfflfflUEM 203° 575 — —30/-90 221 165 

3FP7 6.3 0.6 BLUM 2003 575 4000 —30/-90 250 180 
3FP7A KUM 
313P1-4-5-11 MfflfflfflfflfflifflEffl 35° — —25/-75 120 105 

30P1A-30P4A MfflUEMULIMMUUffl 245/437 —25/-75 96/144 84/126 

3JP1-2-4-7-11-12 MIEMIMILIMIZIM 2000 400/690 4000 —30/-90 170/230 125/270 

3JP1A-7A-11A t' E! 2°°° 400/690 4000 —45/-75 180/220 133/163 

3KP1-4-11 MIEIMMIZIMIELEM 2000 320/600 — —0/-90 100/136 76/104 

3MP1 , Ix FI  200° 400/700 — —126 230/2'70 220/280 

3RP1-4-3RP1A !x •F1 2°X 330/620 — —135 146/198 104/140 

35P1-4-7 
3UPI 

MICEMILMILEIMIM 
Ifflinifflinfflinffl 

2W° 330/620 — —28/-135 146/198 104/140 

2°C° 320/620 — —126 240/310 232/296 

3WP1-2-11 MfflIMMUBM 2°°0 330'620 — —60 — 100 83 101 57'70 

SABP1-7-1 I it' E! 2°00 400/690 4000 —52: — 87 26/34 18/24 

SADPI -7-11 InUMMIMULLIMMEMIll 3°0/515 3030 —34/-56 40/50 30.5/37.5 

SAJP1 6.3 0.6 Fig. 78 ip 400/903 6030 —30/-60 230 230 

SAMPI 
SAP1 — 1805-PI 

SAP4-1805-P4 

MfflfflfflUILLIMMMII 

IMBIIMMUIMUMIn 
Ifflefflifflnarlfflfflriffl 

CV" 
430 

— —34/-56 40/50 20/25 
— —31/-57 93 90 

43° — —17.5/-57 93 90 

MOM 
SATP1-2-7-1 I 

fflWilfflp= 

MifflfflinnUtrffl 60°° 

0/3°0 
_ —34/-56 40/50 31.5/38.5 

0/700 — —34/-56 94/116 34/42 

SISP1 — 1802-P1-2-4-5-11 
58P1A 
SISP7A 
SCPI -2-4-5-7-11 

IMEMBIBlum 

MEMIIIIMIIIIIKIEMI 
IIKEMIIMMMICEM 

6. 3 

Mfflfflinlinlaffl 

fflifflffl=nnaffl 
IIIKEIMMEMIELIM 
MILIIMZMIIELIMI2000 

MBIMM 
MEMUMUlaffli 
MfflnIMULLffl 

a6 148 

2000 425 — —20 — 60 84 76 

2" 
2°°0 

450 _ —20/-60 84 76 

375/560 — —20/-60 70/98 63/89 

2000 

2°C° 

575 4000 —30/-90 9 2 78 
SCPIA 14J 

11N 

SCP18-28-78-118 

SCP7A —1 I A-I2 
513P1 
StiP1-4 
SHPI A 
SJPI A —4A 
SLPIA —4A 

400'690 4000 —45/-75 83/101 70,86 

2°13° 575 4000 —30/-90 92 74 

2°0° 

2000 

425 — —24/ — 56 36 72 

425 — —20,' — 60 84.8 77 

450 — —23/-60 84 76 

2°°3 333 630 4000 —45/-105 77/115 77/115 

III • • III I ., • 72/108 

5MP1-4-5-11 IfflinfflUMMfflI 
so • • 60 

SNP1-4 MEMIMEIMMICM 2°°3 450 — —20/-60 84 76 

SRPIA-4A MM.:M.:CM 2" 362/695 20000 —30/-90 140/210 131/197 

SSPI -4 WitnilMffl 20°3 363 695 4000 —30/ — 90 74/110 62/94 

SUP1-7-11 Ifflfflfflinfflain 2°°° 340, 360 — —90 56/77 46/62 

SVP7  Mfflinafflinan 2" 315562 — —20/-60 70/98 63/89 

SXPI fflEfflinifflMilfflifflffli 362'695 20000 —30/-90 140/210 46/68 

SXPIA-2A-11A 6.3 0.6 REM 2000 362 695 12003 —45/-75 130/159 42/52 

SYPI Mfflfflit=n1M11 2003 541/1040 6000 —45/-135 108/162 36/54 

7EP4 IMEMIMMULLMII " 3 546/858 — —43/-100 106/158 91/137 

70143 11.1MMfflUICMI 3°°° 810/1200 — —36/-84 93/123 75/102 

7.119-P4-P7 fflfflfflinfflUi;ffl 6000 1620/2400 — —72/-168 186/246 150/204 

7VP1 MISIZIMIIMMEIMI 30°13 800/1200 -- —84 93/123 75/102 

24XH MMIUMUM= 600 120 — —60 0.143 0.163 

902-A -W •!t' 15° — —30/-90 139 117 

90$ 
2.1 

511P 
450 — —17.5/-52.5 115 97 

905-A 2.5 MIR 2003 

907 MOM 

908-A IfflffllifflfflUllfflfflEM 430 — —25/ —75 114 109 

913 BILEMUrfflUilEfflifflM 1000 — —20/-60 299 221 

2002 6.3 0.6 WrijaMMZIM 12° 
— — 0.163 0.173 

2005 MEIMIIMIZZIEll 20°13 1000 200 —35 0.5, 0.563 

I Bogey value for locus. Voltage should 
be adjustable about value shown. 

o Bias lor visual extinction of undellected 
spot. Voltage should be adjustable 
from 0 to the higher value shown. 

DiSC011tinUed. 
f Cathode connected to Pin 7. 

In mm. /volt d.c. 
o Phosphor characteristics Iseo next column). 

Designar on Color and persistance 
PI  

Application 

Green medium Oscilloscope. 
P2 Blue.green medium Special oscilloscopes and radar. 
P4 White medium Television. 
P.5  Blue very short Photographic recording al high speed troces. 
P7 Blue-while short Radar indicators. 

Yellow long. 
PI I  Blue short Oscilloscope. 
PI2 Oronge long Radar indicators. 



TABLE XIV-TRANSISTORS V31 

No. Type 

Maximum Ratings Characteristics Typical Operation Common Emitter arsuit 

Collector Emitter Eloise 
Figure 
Db. 

Input 
Res. 
Ohms, 

Freq. 
Cutoff 
Mc. 

Use 
Collector POWN 

Gain 
0b. 

Output 
Lead R. 
Ohms 

Power 
Output 
Mw. 

Diss. 
Mw. Me. Volts Ma. Ma. Volts 

20434 PNP 50 50 -25 10 18 1000 0.6 Audio, -1.0 -6 40 30K 125 

20435 NPN 50 100 25 -10 16 1000 0.8 Audio, 1.0 6 40 30K 125 

2N43 PNP 155 -so -45 50 6 - 1.3 Audio -1.0 -5 39 - - 

2N44 PNP 155 -50 -45 50 6 - 1.0 Audio -1.0 -5 43 - - 

2N611 PNP 2500 -1500 -25 1930 - - 0.4 Audio -150.0 -12 23 1130 600 

20478 NPN 75 20 15 -2D 12 - 6.0 - - 30 - - 

2E194 NPN 50 9:1 20 - - - 2.0 IF. 0.5 6 24 I03K - 

24494A NPN 50 50 20 - 15 - 5.0 0.5 6 30 100K - 

2N104 PNP - -so -30 50 12 - 0.7 Audio -1.0 -15 32 - - 

204105 PNP 35 -15 -25 15 4.5 2300 0.014 Audio -0.7 -4 42 20K - 

204107 PNP 50 -10 -12 10 22 700 0.6 - -1.0 -5 38 30K - 

204109 PNP 50 -35 -12 as - 750 - Audio. -35.0 -4.5 30 200 75 

2N123 PNP ICO -150 -20 150 - - 7.5 Switching -5.0 -15 - - - 

2N131A MP 1CO -100 -30 - 22 - 0.8 Audio -1.0 -6 - - - 

2N132A PNP 130 -10 -12 - 20 MOO 1.2 Audio -1.0 -6 42 33K - 

204139 PNP 35 -15 -16 15 4.5 23 - IF. -1.0 -9 30 30K - 

2N140 PNP 35 -15 -16 15 - 700 7.0 -0.4 -9 27 75K - 

204155 PNP 8500 -3CCO -30 - - 20 0.3 Audio. , 360.0 -14 30 - 9. 

2NI67 NPN 65 75 XI - - - 8.0 IF- 8F. - - - - - 

2N169A NPN 55 20 25 -2o - 500 5.0 1.0 5 27 I5K - 

214175 PNP 20 -2 -10 2 6 3570 - Audio -0.5 -4 43 - - 

204218 PNP 35 -15 -16 15 4.5 500 - IF. -1.0 -9 30 30K - 

204219 PNP 35 -15 -16 15 - 700 7.0 I.F.-R.F. -0.4 -9 27 75K 

204233 NPN 50 100 10 - - - 2.0 IF. - - 21 - - 

2N247 PNP as -10 -35 10 8 - 33.0 R.F. -1.0 -9 24 - - 

2N24Il PNP 30 - -25 - - - 50 R.F. - - - - - 

204235 PNP 1530 -3000 -15 - - - 0.2 Audio , -5C0.0 -6 27 - 5. 

204256 PNP 1503 -3X0 -30 - - - 0.2 Audio 2 - 500.0 -12 27 - 10. 

204270 PNP 150 -75 -12 -75 - - - Audio. - -12 32 - 500 

204274 PNP 35 -10 -35 10 8 - 30.0 R.F. -1.0 -9 45 - - 

204292 

204301 

NPN 65 20 15 
-20 

- - - 6.0 - - 25 - - 

PNP 7500 -1003 1000 - - - Audio. - -14.4 30 - 121 

2t4301A PNP 7533 -1000 -30 1000 - - - Audio, - -14.4 30 - 12. 

214306 NPN 50 - 20 - - - 0.6 Audio - - - - - 

204307 PNP 10300 -1000 -35 - - - 0.3 Audio - - ao - - 
204331 PNP 233 -200 -30 200 9 - 1.0 Audio -1.0 -6 44 - - 

204351 PNP 10000 -3003 -40 ZCO - - - Audio. -3000 -40 - - 

204370 PNP 80 -10 -20 10 - 1753 30.0 R.F. -1.0 -12 12.5 
-2N371 PNP 80 -10 -20 10 - - 30.0 R.F. -1.0 -12 - - - 

204372 PNP 80 -10 -20 10 - 1CO 30.0 Mixer -1.0 -12 17 I IK - 

204374 PNP 80 -10 -25 10 - 2600 30.0 Cony. -1.0 -12 40 - - 

204376 MP 10000 -3000 -30 3000 - - - Audio, -3000 -40 - - - 

204384 

2N4I 1 

PNP 
PNP 

120 -10 -30 10 - 30 100.0 R.F. -1.5 

-0.6 

-12 15 - - 

--80 -15 -13 15 - 700 10.0 198F. -9 32 - - 

2N412 

2N428 

204499 

204544 

PNP 

PNP 

PNP - 

eo -15 -13 15 - 700 10.0 -0.6 -9 32 - - 

153 -400 -30 400 - - 17.0 R.F. - - - - - 

i5 -53 -31:1 50 - - 250.0 R.F. - - - - - 

PNP sa - io -18 10 - 2100 30.0 R.F. 1.0 -12 30 - 

204554 PNP - -MOO -30 3003 - - - Audio - - - - - 

214561 PNP 5C030 - IOCCO -eo Iocoo - - - Audio' 500 -28 35 150 10. 

214586 PNP 250 -250 -45 250 - - - Switching - - - - - 

204588 PNP 80 -so -18 50 - - 230.0 R.F. - - - - - 

214677 PNP 53000 - 15300 -so - - - - Switching - - 60 - - 

2041014 PNP 50300 - IOCCO -100 IC030 - - - Audio - - - - - 

2041102 NPN 180 100 ao - ico - soo - Audio - - - - - 

2041266 PNP 80 - -10 - - - - IF. - - 22 - - 

30425 

30434 
3N37 

TET 25 -2 -15 2 - - 200.0 R.F. - - - - - 

TOT 

TOT 
30 32 7 - - - 50.0 R.F. - - - - - 

30 20 7 - - - 90.0 R.F. - - - - - 

AC1-1 SB 10 -s -4.5 - - - 30.0 R.F. - - - - - 

CK722 PNP 180 -10 -22 10 25 800 - - -1.0 -6 39 20K - 

CK7611 PNP - -5 -10 - - - 3.5 1.1.-R.F. -1.0 -6 - - - 

0071 PNP 125 -10 -15 - - - 0.3 Audio - - 40 - - 

0072 PNP 167 -125 -16 - - - 0.35 Audio - - 34 - - 

01100 SB 10 -5 -4.5 - - - 30.0 R.F. -0.5 _ -3 - 25K - 

PNP 
t Common emitter circuit 
2 Two transistors in Class 8 
' e Power output watts 

E 

Code for identifying ly pica] jun.,' 1 he 1 Id 

NPN 

BC 

E 

C 
RED OOT 

E 

- C 

- B 

I tor. 11-les.... 1.:-rnu I., and *kWhl anti inrial on,. 



V32 TABLE XV CRYSTAL DIODES 

Type Use 
Max. 
Inverse 
Volts 

Max. 
Average 

Ma. 

Min. 
Forward 
Ma.. 

Max. 
Reverse 
',Amp. 

11434 General Purpose 60 50 5.0 800 6 -50 V. 
1N34A General Purpose 75 SO 5.0 500 6 -SO V. 
111:15 General Purpose so 22.5 7.5 100 ® - 10 V. 
114311 General Purpose 1CO 50 3.0 625 6 - 100 V. 
INSIIA General Purpose 100 50 4.0 500 6 - 100 V. 
INS9A General Purpose 225 40 4.0 600 (41 - 200 V. 
11441 General Purpose 85 50 4.0 833 6 -$0 V. 
INS2A General Purpose as 50 5.0 100 @ - 50V. 
11654A Hi-Rack Resistance 75 50 5.0 100 e -50 V. 
1NSSA General Purpose 170 53 4.0 500 6 - 153 V. 
1NS6A Hi-Conduction 50 60 15.0 300 6, -30 V. 
INSIIA General Purpose 115 50 1.0 61:0 6 - 100 V. 
11460 Vid. Detector 25 50 5.0 40 6 -20 V. 
11462 Hi-Back Resistance 125 50 40 50 6 -XI V. 
11164 Vid. Detector 20 5) 0.1 25 61 - 1.3 V. 
15165 General Purpose as 50 2.5 233 6 -50 V. 
1/166 General Purpose 60 50 5.0 800 @I - 50 V. 
11467 Hi-Back Resistance 83 35 4.0 50 6 -50 V. 
11467A Hi-Back Resistance 103 SO 4.0 SO ® -50 V. 
1/465 Hi- Back Resistance 100 35 3.0 625 @ - 100 V. 
1N6SA General Purpose 100 50 3.0 625 (g) - 103 V. 
1/169A General Purpose 75 40 5.0 503 6) -$0 V. 
11170A General Purpose 125 30 3.0 300 6 -50 V. 
IN77A Photo Diode 50 V, 20 MW 
INSI General Purpose 50 30 3.0 10 6: - 10 V. 
114112 Mixer Max. Freq.-1000 Mc. 16 db. Noise Factor 
INS2A Mixer Max. Freq.-1003 Mc. 14 db. Noise Factor 
11459 Restorer eo 30 3.5 ICO 6 -50 V. 
11490 General Purpose 75 30 5.0 750 6 -SO V. 
11191 Kw. Rectifier 100 150 170 6 015 V. 2700 6 - 100 V. 
111495 General Purpose 60 250 10.0 500 6 -50 V. 
11196 General Purpose 60 250 22.0 500 e -50 V. 
11497 General Purpose 80 250 .10.0 100 6 -50 V. 
1N911 Hi-Back Resistance 100 250 23.0 100 6, - 50 V. 
1/499 General Purpose 80 300 10.0 50 g -50 V. 
1N100 General Purpose 80 200 20.0 5) g -50 V. 
1111 16 General Purpose 60 30 5.0 103 @ - 50 V. 
1111 17 General Purpose 60 30 10.0 100 6 -53 V. 
1141 11 General Purpose 60 30 20.0 ICO @, - 50 V. 
IN126A. General Purpose 75 30 5.0 850 6 -50 V. 
111127A General Purpose 125 30 3.0 3:0 6 -50 V. 
1/4126 General Purpose 50 30 3.0 10 6, - 10 V. 
114131 General Purpose 100 5C0 190 6 0.7 V. 2400 g - 1co V. 
114152 General Purpose 200 5C0 190 @ 0.7 V. 1900 g -230 V. 
111153 General Purpose 303 501) 1570 6 0.7 V. 1203 @ - 330 V. 
114138 Pwr. Rectifier 383 500 - - 
111191 Computer 90 30 5.0 25 6 - 10 V. 
111192 Computer 70 30 5.0 50 6 - 10 V. 
1/1195A Hi-Temperature 100 30 4.0 250 6 -SO V. 175°C1 
111279 Hi-Conduction 35 - 100.0 200 6 -20 V. 
1/4253 Hi-Conduction 25 - 200.0 81) 6 - 10 V. 
114294 Switching 70 60 5.0 830 6 -$DV. 
114295 Vid. Detector 40 - - - 
114443 100-Volt Computer 123 - 25.0 103 @ - 100 V. 
114634 60-Volt Very low Z 120 - 93.0 1156 - 1COV. 
111636 General Purpose 75 - 2.5 20 6. - XI V. 
1451 Zane, Diode Zener Volts= 7.5 

1452 Zane, Diode Zener Volts=20 
NW Zener Diode Zener Volts = 40 

1454 Zener Diode Zener Volts = 75 
HIS Zener Diode Zener Volts= 170 
14116 Zener Diode Zener Volts = 300 

MI50 Silicon Power Rectifier Max. Rms. Input: 130 V. Peak Inverse: 103 V., D.C. Current: 150 Ma. 
MS00 Silicon Power Rectifier Max. Rets. Input: 130 V., Peak Inverse: 400 V., D.C. Current: 503 Ma. 
VIS Capacitor Diode Max. Oper. Voltage - 25, Range: 6.5-39 enf. O At 50 Mc. - 18 
V20 Capacitor Diode Max. Owe.. Voltage - 20, Range: 10-50 eel. Q At 53 Mc. - 18.7 
V27 Capacitor Diode Max. Oper. Voltage - 20, Ronge: 14-70 .pf. 0 At 50 Mc. - 15.7 
V23 Capacitor Diode Max. Oper. Voltage - 20, Range. 17-85 eel. Q At SO Mc. - 14.6 

V39 Capacitor Diode Max. Oper. Voltage - 20, Range: 20-100 onsf. 0 At 50 Mc. - 15.1 

V47 Capacitor Diode Max. Oper. Voltage - 20, Range: 24-123 Jed. 0 At 50 Mc. - 15.4 

VS6 Capacitor Diode Max. Oper. Voltage - SO, Range: 32-145 med. 0 At 50 Mc. - 13.5 

Ar + 1 Volt 
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e l, 

Big signal— 

HT-33A 
Linear Amplifier 

Heavyweight champion 

stability, performance! 
SX101A is setting new standards for 
dependability and ruggedness through-
out the amateur world. It's all amateur; 
provides complete coverage, and every 
technical feature desired for years to 
come. 
FREQUENCY COVERAGE: Band 1 — 
30.5-34.5 Mc. Band 2-3.48-4.02 Mc. 
Band 3-6.99-7.31 Mc. Band 4-13.98-
14.415 Mc. Band 5-20.99-21.52 Mc. 
Band 6-26.9-29.8 Mc. Band 7-10 Mc. 
WWV. 
FEATURES: Complete coverage of five 
ham bands plus a 2 and 6 meter cony. 
band-80, 40, 20, 15, 10 meters. Large 
slide rule dial. Band-in-use scales in-
dividually illuminated. Illuminated S-

HT- 32A 
Transmitter' 

The new ideas in communications are born at. . 



effortless performance! 

Beautifully engineered with extra-heavy-duty com-
ponents, the HT-33A is conservatively rated at the 
maximum legal limit. You are guaranteed one of 
the big signals on the band, plus the effortless per-
formance that means so much to efficiency and 
long life. (Conforms to F.C.D.A. specifications.) 
FREQUENCY COVERAGE: Complete coverage of 
amateur bands; 80, 40, 20, 15, 10 meters. 
FEATURES: Rated conservatively at the maximum 
legal input. Third and fifth order distortion products 
down in excess of 30 db. Built-in r.f. output meter 
greatly simplifies tune-up. All important circuits 
metered. Maximum harmonic suppression obtained 
through pi-network. Variable output loading. Pro-
tection of power supply assured by circuit breaker. 
HT-33A is a perfect match to Hallicrafters' famous 
HT-32 in size, appearance and drive requirements. 
CIRCUIT DETAILS: This power amplifier utilizes a 
PL- 172 high efficiency pentode operating in class 
AB! or AB2. The tube is grid-driven across a non-

meter. Dual scale S-meter. S-meter Zero point inde-
pendent of sensitivity control. S-meter functions 
with AVC off. Special 10 Mc. position for WWV. 
Dual conversion. Exclusive Hallicrafters' upper-
lower sideband selection. Second conversion oscil-
lators quartz crystal controlled. Tee-notch filter. 
Full gear drive from tuning knob to gang condens-
ers— absolute reliability. 40:1 tuning knob ratio. 
Built-in precision 100 kc. evacuated marker crystal. 
Vernier pointer adjustment. Five steps of selectivity 
from 500 cycles to 5000 cycles. Precision tempera-
ture compensation plus Hallicrafters' exclusive pro-
duction heat cycling for lowest drift. Direct coupled 
series noise limiter for improved noise reduction. 
Sensitivity— one microvolt or less on all amateur 
bands. 52 ohm antenna input. Antenna trimmer. 
Relay rack panel. Heaviest chassis in the industry— 
.089 cold rolled steel. Double spaced gang condens-
er. 13 tubes plus voltagç regulator and rectifier. 
Powerline fuse. 

Acclaimed by 

the most critical! 

Now proven superior — vastly superior — is Halli-
crafters' exclusive 5.0 mc. quartz crystal filter system. 
First practical high frequency filter, provides un-
precedented rejection of unwanted sideband-50 db. 
or more—and ,vorld's cleanest signal. 
Another major advance: Bridged-Tee Modulator, 
temperature stabilized and compensated. 
FEATURES: 5.0 mc. quartz crystal filter—rejection 
50 db. or more. Bridged-tee modulator. C.T.O. di-
rect reading in kilocycles to less than 300 cycles 
from reference point. 144 watts plate input (P.E.P. 
two-tone). Five band output ( 80, 40, 20, IS, 10 
meters). All modes of transmission — CW, AM, 
S.S.B. Unwanted sideband down 50 db. or more. 
Distortion products down 30 db. or more. Carrier 
suppression down 50 db. or more. Both sidebands 
transmitted on A.M. Precision gear driven C.T.O. 
Exclusive Hallicrafters patented sideband selection. 
Logarithmic meter for accurately tuning and car-

hallicrafters 

inductive resistor, thus assuring the maximum sta-
bility under all possible conditions. Band switching 
is accomplished by one knob which selects the 
proper inductance value for each band. The output 
circuit is a pi-network with an adjustable output 
capacitor, so loads from 40 to 80 ohms may be 
accommodated. A d.c. milliameter may be switched 
to various circuits to measure the following: Cathode 
current, grid current, screen current, plate voltage, 
and r.f. voltage across the output line for tune-up. 
TUBES: (1) PL-172 high power pentode; (2) 3B28 
rectifiers; ( 4) 0A2 screen regulators. 
FRONT PANEL CONTROLS: Meter selector; Fila-
ment switch; High Voltage switch; Bias adjustment; 
Band switch; Plate tuning; Plate loading. 
PHYSICAL DATA: Gray and black steel cabinet 
(matches HT-32) with brushed chrome knob trim. 
Size: 83/4 " x 19" ( relay rack panel). Shipping wt. 
approx. 130 lbs. 

REAR CHASSIS: Co-ax input; co-ax output; filament 
and bias fuse; cutoff bias relay terminals; screen 
fuse; ground terminal. 

FRONT PANEL CONTROLS: Main tuning knob with 
0-100 logging dial. Pointer reset, antenna trimmer, 
tee-notch frequency, tee-notch depth, sensitivity, 
band selector, volume, selectivity, pitch (BFO), re-
sponse — (upper-lower-sideband AM-CW). AVC 
on/off, AVC fast/slow, ANL on/off, Cal. on/off, 
Rec./standby. 
TUBES AND FUNCTIONS: 6DC6, R.F. amplifier-
6BY6, 1st converter- 12 BY7A, high frequency os-
cillator-6BA6, 1650 kc. i.f. amplifier-12AT7, dual 
crystal controlled 2nd conversion oscillator-6BA6, 
2nd converter-6DC6 51 kc. i.f. amplifier-6BJ7. 
AM detector, A.N.L., A.V.C.-6BY6 SSBCW de-
tector-6SC7 1st audio amplifier & B.F.O.-6K6, 
audio power output — 6BA6, S-meter amplifier — 
6AU6, 100 kc. crystal oscillator-0A2, voltage reg-
ulator-5Y3, rectifier. 
PHYSICAL DATA: 20" wide, 101/2 " high and 16" 
deep—Panel size 83/4 " x 19"—weight approximately 
74 lbs. (Conforms to F.C.D.A. specifications.) 

rier level adjustment. Ideal CW keying and break-
in operation, Push To Talk and full voice control 
system built in. Phone patch input provided. Key-
ing circuit brought out for teletype keyer. 

FRONT PANEL CONTROLS, FUNCTIONS AND CON 
NECTIONS: Operation—power off, standby, Mox., 
Cal., Vox.—P.T.T. Audio level 0-10 R.F. level 0-10. 
Final tuning 80, 40, 20, 15, 10 meters. Function— 
Upper sideband, lower sideband, DSB, CW. Meter 
compression. Calibration level 040. Driver tuning 
0-5. Band selector-80, 40, 20, 15, 10 meters. High 
stability, gear driven V.F.O. with dial drag. Micro-
phone con. Key jack. Headphone monitor jack. 

TUBES AND FUNCTIONS: 2-6146 Power output 
amplifier. 6CB6 Variable frequency oscillator. 12BY7 
R. F. driver. 6A1-I6 2nd Mixer. 6AH6 3rd Mixer. 
6AB4 Crystal oscillator. 12AX7 Voice control. 
12AT7 Voice control. 6AL5 Voice control. 12AX7 
Audio Amp. 12AU7 Audio amp. and carrier Oscil-
lator. 12AU7 Diode Modulator. 12AT7 Sideband 
selecting oscillator. 6AH6 1st Mixer. 6AH6 4.95 
Mc. Amp. 6AU6 9.00 Mc. Amp. 5R4GY HV Rec-
tifier. 5V4G LV Rectifier. 0A2 Voltage Regulator. 
REAR CHASSIS: Co-ax antenna connector. FSK jack 
A.C. accessory outlet. Line fuse. Control connec-
tor. AC power line cord. Cabinet 20" wide, 101/2 " 
high, and 17" deep. Approximate shipping weight 
86 lbs. (Conforms to F.C.D.A. specifications.) 
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Hallicrafters brings you an entirely new class 

The engineering team that developed the incomparable SX-101 and HT-32 

now offers a precision rig that puts single sideband within reach of all 

HT-37 Transmitter 

6 

The heart of the now-famous HT-32--the needed, 
basic performance characteriistics—is yours in 
this precision-engineered new AM/CW/SSB 
transmitter—and at a price we did not believe 
possible when we began designing it! Same pow-
er. Same rugged VFO construction, and identical 
VOX. You'll be amazed at the smooth. distinc-
tive speech quality that's yours for the first time 
at moderate cost. 

FEATURES: 144 watts plate input ( P.E.P. two-
tone); five band output ( 80. 40. 20. 15. 10 me-
ters); all modes of transmission—CW. AM. 
S.S.B.; unwanted sideband down 40 db. at KC; 
distortion products down 30 db. or more; carrier 
suppression down 50 db.; modern styling; instant 
CW Cal. from any mode; both sidebands trans-
mitted on AM; precision V.F.0.; rugged heavy 
duty deluxe chassis; 52 ohm pi network output 
for harmonic suppression; dual range meter for 
accurate tuning and carrier level adjustment; 
ideal CW keying; full voice control system built 
in. 

FRONT PANEL CONTROLS, FUNCTIONS, CON-

NECTIONS: Operation—(power off,standby,mox, 
cal, vox); Audio gain; R.F. level; Final tuning; 
Function—(upper sideband, lower sideband, DSB, 
CW); carrier balance; Calibration level; Driver 
tuning; Band selector V.F.0.; Microphone con-
nector; Key jack. 

TUBES AND FUNCTIONS: (2)-6146 Power output 
amplifiers; 6CB6 Variable frequency oscillator; 
12BY7 R.F. driver; 6AH6 1st Mixer; 6AH6 2nd 
Mixer; 6AB4 Crystal oscillator; 12AX7 Voice 
control; I2AT7 Voice control; 6AL5 Voice con-
trol; 12AX7 Audio Amplifier; 12AT7 Audio amp 
and carrier Oscillator; I2AT7 Audio Modulator; 
(2)-12AT7 Balanced Modulators; 5R4GY HV 
Rectifier; 5V4G LV Rectifier; 0A2 Voltage Reg-
ulator. 

REAR CHASSIS: Co-ax antenna connector; Line 
fuc Control connector: AC power line cord. 

PHYSICAL DATA: Matching unit for SX-111; 
cabinet is gray steel with brushed chrome trim 
and knobs. Size: 9" high x 19 1/2 " wide x 15 1/2 " 
deep. Shipping weight: approximately 80 lbs. 

The new ideas in communicati ( 11,born at .. . 

hallitrafters 



of SSB equipment 

SX-111 Receiver 

Here's the receiver you've been waiting for—a 
real thoroughbred that retains the essential per-
formance characteristics of the renowned SX-
101. but at a price that can put it in your shack 
tomorrow! Rugged . . . dependable . . . beauti-
fully styled, the new SX-111 is outstanding evi-
dence that Hallicrafters aim is always to bring 
you the finest equipment at the lowest possible 
price. 
FREQUENCY COVERAGE: Complete coverage of 
80, 40. 20. 15 and 10 meters in five separate 
bands. Sixth band is tunable to 10 Mc. for crystal 
calibrator calibration with WWV. 
FEATURES: AM CW. SSB reception. Dual con-
version. Hallicrafter's exclusive selectable side-
band operation. Crystal-controlled 2nd convert-
er. Tee-notch tiller. Calibrated S-meter. Vernier 
dial- pointer adjustment. Series noise limiter. 
Built-in crystal calibrator. Exceptional electrical 
and mechanical stability. Large slide-rule dial. 
SENSITIVITY: One microvolt on all bands. with 5 
steps of selectivity from 500 to 5.000 c.p.s. 
TUNING MECHANISM: New friction-and-gear 
type with 48: I tuning ration. Virtually eliminates 
hack lash. 
CONTROLS: Tuning; Pointer Reset; Antenna 
Trimmer; T-notch Frequency; RF Gain; Audio 
Gain; Band Selector; Function (offion, standby, 
upper or lower sideband. calibrate); AVC off/on: 
IWO off on; ANL off on; Selectivity. 
TUBES: I() tubes plus voltage regulator and recti-
fier. 6DC6 RF Amplifier; 6BY6 1st converter; 
6C4 Oscillator; 6E1/%6 2nd converter: 12AT7 
Dual crystal second converters; 6CB6 1650 kc. 
if, amplifier; 6DC6 if, amplifier ( 50 kc.); 6B17 
AVC-noise limiter-detector; I2AX7 1st audio 
and BFO; 6AQ5 Power output; 5Y3 rectifier; 
A02 Voltage regulator. 
POWER SUPPLY: 105-125 volts. 50-60 cycle AC. 
PHYSICAL DATA: Size: 183/4 " wide x 101,4" deep 
x 83 i " high. Attractive gray steel cabinet with 
brushed chrome trim. Shipping wt. approximate-
ly 40 lbs. 

Two outstanding speaker values 

R-47 SPEAKER 

Specially designed for voice 
and SSB. Flat response from 
300 to 2850 c.p.s. Input im-

pedance: 3.2 ohms. Size; 
51/2 " x 51/4 " x 31/2 ". Wt. 21/2  
Ib. 

The last word in features and 

design! 

SX-110 Receiver 
Never before have so many outstanding, wanted 

features been incorporated in an all-purpose re-

ceiver— features developed originally for the 
highest-priced sets. 

FREQUENCY COVERAGE: Broadcast Band 540-
1680 kc plus three short s‘ave hands covers 1680 
kc-34 me 

FEATURES: Slide rule bandspread dial calibrated 

for 80. 40, 20, 15 and 10 meter amateur bands 

and 11 meter citizens' band. Separate bandspread 

tuning condenser, crystal filter, antenna trim-
mer, "S" Meter. one r- f, two i-f stages. 
INTERMEDIATE FREQUENCY: 455 kc. 

TUNING ASSEMBLY AND DIAL DRIVE MECH-
ANISM: Ganged. 3 section tuning capacitor as-

sembly with electrical bandspread. Circular main 

tuning dial is calibrated in megacycles and has 
0-100 logging scale. 

AUDIO OUTPUT IMPEDANCE: 3.2 and 500 ohms. 
TUBE COMPLEMENT: Seven tubes plus one rec-

tifier: 6SG7, r- f amplifier — 6SA7. converter — 
65G7, 1st i-f amplifier-6SK7, 2nd i-f amplifier-

6SC7, BFO and audio amplifier-6K6GT, Audio 
output-6H6, ANL-AVC-detector-6Y3GT, rec-
tifier. 

AUDIO POWER OUTPUT: 2 watts. 

POWER SUPPLY: 105 125 V., 50/60 cycle AC. 
PHYSICAL DATA: Gray steel cabinet with 
brushed chrome trim. Size 18-3/4 " wide x 8" high 

x 101/4 " deep. Shipping weight approximately 
32 lbs. 

S-108 Receiver 

Same basic performance as SX-110 (above) less 
S-Meter, antenna trimmer and crystal filter, but 
includes a built-in speaker. 

R-48 SPEAKER (See photo with HT- 37 and 
SX- 1 II). Latest design, eliptical assembly. 3..16 oz. 
Alnico V magnet. Fidelity switch for music or voice. 

3.2 ohm input impedance. 61/2 " x 13!:4" x 
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SX-100 Most versatile receiver of all! 

FREQUENCY COVERAGE: 540 kc-34 
Mc. Band 1: 538 kc-1580 kc—Band 2: 1720 
kc-4.9 Mc—Band 3: 4.6 Mc- I3 Mc—Band 4: 
12 Mc-34 Mc. Bandspread dial is calibrated 
for the 80. 40, 20. 15 and 10 meter ama-
teur bands. 

TYPE OF SIGNALS: AM—CW—SSB. 

FEATURES: Selectable side band operation. 
"Tee-Notch" Filter—provides a stable non-
regenerative system for the rejection of un-
wanted heterodyne. Also produces an ef-
fective steepening of the already excellent 
500 Cycles i-f pass band and further increases 
the effectiveness of the advanced exalted 
carrier type reception. Notch depth control 
for maximum null adjustment. Antenna 
trimmer. Plug-in laboratory type evacuated 
100 kc quartz crystal calibrator— included 
in price. Logging dials for both tuning con-
trols. Full precision gear drive dial system. 
Second conversion oscillator crystal con-
trolled—provides greater stability and ad-
ditional temperature compensation of high 
frequency oscillator circuits. Phono jack. 
Socket for D.C. and remote control. 

CONTROLS: Pitch control, reception, stand-
by, phone jack, response control (upper and 

13 The new ideas in communications are born at.. 

lower side band selector), antenna trimmer, 
notch depth, calibrator on/off, sensitivity, 
band selector, volume, tuning, AVC on/off 
noise limiter on/off, bandspread, selectivity. 

INTERMEDIATE FREQUENCY: 1650 kc 
and 51 kc. 

AUDIO OUTPUT IMPEDANCE: 3.2/500 
ohms: AUDIO POWER OUTPUT: 1.5 
watts with 10% or less distortion. POWER 
SUPPLY: 105/125 V., 50/60 cycle AC. 

TUBE COMPLEMENT: 6CB6 R.F. ampli-
fier; 6BY6, lstconverton6AH6.H.F.oscil-
lator; 6BA6, 2nd converter; I2AT7, Dual 
crystal second converters; (2) 6BA6, 51 kc 
and 1650 kc i-f amplifiers; 6B.I7, AVC-
noise limiter; 6SC7, 1st audio and BFO; 
6K6, Power output; 5Y3, Rectifier; 0A2, 
Voltage regulator; 6C4, i-f amplifier—(5 
kc); 6AU6, 100 kc XTAL marker. 

PHYSICAL DATA: Gray black steel cabinet 
with brushed chrome knob trim, patterned 
silver back plate and red pointers. Piano 
hinge top. Size 18%8" wide x 81/i" high x 
10>i" deep. Shipping weight approximately 
42 lbs. ( U.L. approved) 

Complete VHF Station 

SR-34 Transmitter/Receiver 

GENERAL DESCRIPTION: The SR-34 is designed 
for either AM or CW and combines complete 
functions of a two mu/ six meter radio station. 
I I5-V. A.C.. 6-V. D.C., or 12V. D.C. Transis-

torized power supply. Meets F.C.D.A. matching-
fund specifications. 
The transmitter is crystal-controlled; up to 

four crystals may be switch-selected. A fifth 
position on this switch permits external V.F.O. 
operation. 
The receiver is a double conversion superhet-

erodyne with a quartz crystal controlled second 
oscillator. Separate oscillator and R.F. sections 
for each band. 

All receiver functions provided—S-meter, 
B.F.O., ANL, etc. Sensitivities average 1 micro-
volt on both bands. 

FRONT PANEL CONTROLS: Receiver: Band Se-
lector (48.9-54.1 mc., 143.9 to 148.1 mc.): Main 
Tuning; Sensitivity; Audio Volume; B.F.O. Pitch; 
Squelch Level; Headphone Jack; AVC On/Off; 
ANL On/Off; B.F.O. On/Off. Transmitter: 
Function Switch (P.A.. Rec., Cal., AM, CW); 
Power On/Off; Band Switch; Crystal Selector 
and V.F.0.; Oscillator Tuning; Doubler Tuning; 
Tripler Tuning; Final Tuning; Final Loading; 
Meter Switch. 

POWER OUTPUT: 5 to 8 watts AM or CW, 100% 
mod. negative peak clipping. Rear Apron: Speech 
input level control; key jack; P.A. speaker ter-
minals; mic. selector (high Z or carbon); mic. in-
put; A.C. and D.C. fuses; power plug. 

8 Also available in A .C. only model. 



hallicrafters 
World's most popular 

short wave receiver! 

MODEL S-38E 

Latest model of Hallicrafters' most popu-
lar of all short wave receivers! Beautiful 
new, modern cabinet styling, improved 
circuitry for superior performance and 
utmost dependability. 

FREQUENCY COVERAGE: Standard 
broadcast from 540-1650 kc., plus three 
short wave bands from 1650 kc. through 
32 mc. Intermediate freq.: 455 kc. 

FEATURES: Two-section tuning gang with 
electrical bandspread; easy-to-read, slide-
rule overseas dial; oscillator for code re-
ception; built-in 5" speaker, universal out-
put for headset; rear switch for speaker 
or headset selection.(U.L. approved) 

CONTROLS: Tuning dial. Separate elec-
trical bandspread dial with 0-100 scale. 
Receive/standby switch. On/off/volume. 
\ M, CW switch. Band selector. 

POWER SUPPLY: 1 watt audio power out-
put. 105/125 volts. 50-60 cycle AC/DC. 
Line cord ( S7D 1566) for 220 volt 
AC/DC available. 

TUBE COMPLEMENT. Four tubes plus one 
rectifier: 35W4 rectifier; 5005 audio out-
put; 12AU6 amplifier; 12BA6 IF amplifier 
and B.F.0.; 12BE6 converter. 

AUDIO OUTPUT: Five inch PM speaker 
and universal output for headset. 

EXTERNAL CONNECTIONS: Phone tip 
jacks and terminals for single wire or 
doublet antenna, switch for speaker or 
headphones on rear. External antenna 
provided. 

PHYSICAL DATA: Available in gray steel 
cabinet with silver trim, or blond or ma-
hogany finish with gold trim. Size 127/a" 
wide x 7" high x 91/4 " deep. Shipping 
weight approximately 14 lbs. 

New beauty ... new standards of 
MODEL S-107 

COVERAGE: Standard Broadcast from 540-1630 kc 
plus four short wave bands over 2.5-31 and 48-54.5 
mc. Intermediate frequency; 455 kc. CONTROLS: 
Main tuning in mc. Separate electrical bandspread 
with 0-100 logging scale plus calibration for 48-54.5 
mc band, receive/standby switch, band selector 540-
1630 kc, 2.5-6.3 mc, 6.3-16 mc, 14-31 mc, and 48-
54.5 mc, AM/CW switch, sensitivity/phono control, 
noise limiter switch, on/off/volume, two-position 
tone switch. BAND CHANGE MECHANISM: 
Five position rotary wafer switch. TUNING AS-
SEMBLY AND DIAL DRIVE MECHANISM: 
Separate 2-section tuning capacitator assemblies for 
main tuning and band spread tuning. Slide rule dial. 
Phonograph jack, headphone tip jacks. Bandspread 
tuning calibrated for 48-54.5 mc. ANTENNA IN-
PUT IMPEDANCE: Balanced/unbalanced. 50-300 
ohms. HEADPHONE OUTPUT IMPEDANCE: 
Universal impedance. AUDIO OUTPUT: Five inch 
PM speaker and universal impedance output for 

performance! 

headset. TUBE COMPLEMENT: Seven tubes plus 
one rectifier: 6C4. Osc.-6BA6, Mixer—(2) 6BA6. 

i-f amplifier-6H6, Det.. AVC and ANL-6SC7, 
BFO and AF amp.-6K6GT, Output-5Y3GT, rec-
tifier. EXTERNAL CONNECTIONS: speaker/ 
phones switch and terminals for doublet or single 
wire antenna on rear. AUDIO POWER OUTPUT: 
One watt. POWER SUPPLY: 105/125 V., 50/60 
cycle. AC. PHYSICAL DATA: Sturdy gray ham-
mertone steel cabinet with brushed chrome trim. 
Size 133/4 " wide x 7" high x 87/8" deep. Shipping 
weight approximately 181/2  lbs. (U.L. approved) 

hallicreafter1111 
Company 

4401 West Fifth Avenue, Chicago 21, Illinois 
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ONE INCH 

INSTRUMENTATION OSCILLOSCOPE 

Mnnaturueo, packager, panel mounting cathode 
ray oscilloscope designed for use in instrumentation 
in place of the conventional "pointer type" moving 
coil meters uses the I" tube. Panel bezel 
matches in size and type the standard 2" square 
meters. Magnitude, phase displacement, wave 
shape, etc. are constantly visible on scope 

No. 90901, 1CP I, less tube  
No. 9091 I, 1EP I, less tube  

POWER SUPPLY 

FOR OSCILLOSCOPE 

750 volts d.c. at 3 ma. and 6.3 volts a.c. at 600 
ma. 117 volts 50-60 cycle input. Designed espe-
cially for use with No. 90901 and No. 9091 I one 
inch instrumentation oscilloscopes. 4% in. high x I% 
o 2¼. Octal plug for input and output. Entire assem-
bly including rectifier is encapsulated. 
Na. 90202 Power Supply (complete)  

GRID DIP METER 

The No. 90651 MILLEN GRID DIP METER is compact 
and completely self contained. The AC power sup-
ply is of the "transformer" type. The drum dial 
has seven calibrated uniform length scales from 1.7 
MC to 300 MC with generous over lops plus an 
arbitrary scale for use with special application in-
ductors. Internal terminal strip permits battery 
operation for antenna measurement. 

No. 9065 I , with tube  

Additional Inductors for Lower Frequencies 

No. 46702-925 to 2000 KC  
No. 46703-500 to 1050 KC  
No. 46704-325 to 600 KC  
No.46705-22010 350 KC  

TONE MODULATOR 

The No. 90751 Tone Modulator is a small package, 
containing a transistor audio oscillator and its 
mercury battery, which plugs into the ' phone jack 
of a Grid Dip Meter to modulate the signal at 
approximately 800 cycles for applications re-
q tiring a modulated signal. 
Dimensions: only 2% x le'is a 15/is in. 
No. 90751, less battery  

COMPACT OSCILLOSCOPES 

The No. 90923 Oscilloscope is an extremely com-
pact (31/2  inch high) rack panel type, general pur-
pose oscilloscope, utilizing the type 3XP1, 3XP2, 
3XP7, or 3XP1 I, 3 inch by 11/2  inch rectangular 
face cathode ray tube. 
No. 90923, with tubes  

The No. 90902, No. 90903 and No. 90905 Rock 
Panel Oscilloscopes, for two, three and five inch 
tubes, respectively, ore inexpensive basic units 
comprising power supply, brilliancy and center-
ing controls, safety features, magnetic shielding, 
switches, etc. As o transmitter monitor, no addi-
tional equipment or accessories are required. The 
well-known trapezoidal monitoring patterns are 
secured by feeding modulated carrier voltage 
from a pickup loop directly to vertical plates of 
the cathode ray tube and audio modulating volt-
age to horizontal plates. By the addition of such 
units as sweeps, pulse generators, amplifiers, servo 
sweeps, etc., all of which con be conveniently and 
neatly constructed on companion rack panels, the 
original basic 'scope unit may be expanded to 
serve any conceivable industrial or laboratory 
application. 

No. 90902, less tubes  
No. 90903, less tubes  
No 90905 less rubes  

'SCOPE AMPLIFIER — SWEEP UNIT 

Vertical and horIzontal arnplofiels along with hard. 
tube, saw tooth sweep generator. Complete with 
power supply mounted on a standard 51/4 ' rack 
panel. 
No. 90921, with tubes  

FLAT FACE OSCILLOSCOPE 

90905-B 5-mch Rack Mountlog Basic Oscilloscope 
features include: balanced deflection, front panel 
input terminals, rear panel input terminals, astigma-
tism control, blanking input terminals, flat face pre-
cision tolerance Dumont 5ADP1 tube, 1800 or 2500 
volts accelerating, good sensitivity, sharp focus, 
horizontal selector switch, 60 cycle sine wave sweep 
available, power supply available to operate ex-
ternal equipment, minimum control interaction, 
rugged construction, light filter. 7 a 19 in. panel. 

No. 90905-8 Oscilloscope, less tubes  



MALDEN 
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MASSACHUSETTS 

ANTENNA BRIDGE 
The Millen 90672 Antenna Bridge is an accurate 
and sensitive bridge for measuring impedances 
in the range of 5 to 500 ohms for 20 to 2000 
ohms with bolun) at radio frequencies up to 
200 me. The variable element is an especially 
designed differential variable capacitor capo. 
'in of high accuracy and permanency of calibre-
,.on. Readily driven by No. 90651 Grid Dipper. 

No. 90672  

AUDIO CLIPPER 
rhe Na. 75016 Audio Clipper is a small plug-in 
ymmetrical type clIpper with self-contained rner-
-ury batteries. It may be used to clip noise for 
C- W reception as well as for A-M or SSB, or it 
may. be used to clip o sine wave input to form a 
square wave output. 
Dimensions: only 234 x 13j u lYsz in. 
No. 75016, less batteries  

BALUNS 
The Na, 46672 ( I for each amateur band) 
wound Salon is an accurate 2 to 1 turns ratio, 
high Q auto transformer with the residual re-
actances tuned out and with very tight coupling 
between the two halves of the total winding. The 
points of series and parallel resonance are 
selected so that each Salon provides an accurate 
4 to 1 impedance ratio over the entire band of 
frequencies for which it was designed. Suitable 
for use with the No. 90672 Antenna Bridge or 
medium power transmitters. 

No. 46672-80/40/20/15/lo  

50 WATT EXCITER-TRANSMITTER 
Modern design includes features and shielding foi 
TVI reduction, bandswitching for 4-7-14-21-28 
megacycle bands, circuit metering. Conservatively 
rated for use either os a transmitter or exciter for 
high power PA stages. 5763 oscillator-buffer- mul-
tiplier and 6146 power amplifier. Rock mounted. 

No.9080I, less tubes  

VARIABLE FREQUENCY OSCILLATOR 
The No. 90711 is a complete transmitter control 
unit with 6SK7 temperotore-compensated, elec-
tron coupled oscillator of exceptional stability 
and low drift, o 6SK7 broad-band buffer or 
frequency doubler, a 6AG7 tuned amplifier 
which tracks with the oscillator tuning, and a 
regulated power supple. Output sufficient to 
drive a 6146 is available on 160, 80 and 40 
meters and reduced output is available on 20 
meters. Since the output is isolated from the 
oscillator by two stages, zero frequency shift 
occurs when the output load is varied from open 
circuit to short circuit. The entire unit is unusually 
solidly built so that no frequency shift occurs 
due to vibration. The keying is clean and free 
from annoying chirp, quick drift, lump, and 
similar difficulties often encountered in keying 
variable frequency oscillators. 

No. 90711, with tubes  

HIGH VOLTAGE POWER SUPPLY 
The No. 90281 high voltage power supply has a 
d.c. output of 700 volts, with maximum current of 
235 ma. In addition, a.c, filament power of 6.3 
volts at 4 amperes is also available so that this 
power supply is an ideal unit for use with trans-
mitters, such as the Millen No. 90801, as well as 
general laboratory purposes. The power supply 
uses two Na. 816 recti .iers The panel is standard 
83/4 " x 19' rock mounting. 

No.9028I, less tubes  

HIGH FREQUENCY RF AMPLIFIER 
A physically small unit capable of a power output 
of 70 to 85 worts on 'Phone or 87 to I 10 watts 
on C- W on 20, IS, 11, 10, 6 or 2 meter amateur 
bands Provision is made for quick band shift by 
means of the No. 48000 series VHF plug-in 
coils The No. 90811 unit uses either an 829-B or 
3E29. 

No.90811 with I 0 meter band coils, 
less tube  

RF POWER AMPLIFIER 
This 500 watt amplifier may be used as the basis 
of a high power amateur transmitter. The No. 
90881 RF power amplifier is wired for use with 
the popular " 812A" type tubes. Other popular 
tubes may be used. The amplifier is of unusually 
sturdy mechanical construction, on a 101/2 " relay 
rack panel. Plug-in inductors are furnished for 
operation on 10, 20, 40 or 80 meter amateur 
bonds. The standard Millen No. 90801 exciter 
unit is an ideal driver for the No. 90881 RF power 
amplifier. 

No. 90881, with one set of coils, but 
less tubes  
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REGULATED POWER SUPPLY 
A compact, uncosed, regulated power supply, either 
for table use in the laboratory or for incorporation 
us an integral part of larger equipment. 250 v.d.c. 
unregulated ot 115 ma. 105 v.d.c.reguloted at 35 
ma. Minus 105 v.d.c. regulated bias at 4 ma. 
6.3 v. o.c. at 4.2 amps. 
No. 90201, with tubes  

INSTRUMENT DIAL 
The No. 10030 is on extremely sturdy instrument 
type indicator. Control shaft has t to t ratio. 
Veeder type counter is direct reading in 99 revo-
lutions and vernier scale permits readings to 1 part 
in 100 of a single revolution. Has built-in dial lock 
and 1/2 " drive shaft coupling. May be used with 
multi- revolution transmitter controls, etc., or through 
gear reduction mechanism for control of fractional 
revolution capacitors, etc., in receivers or laboratory 
instruments. 
No. 10030  

PHASE-SHIFT NETWORK 
A complete and laboratory alregned pair of phase. 
shift networks in a single compact 2" x 1T/p" x 4" 
case with characteristics so as to provide a phase 
shift between the two networks of 90° w 1.3° over 
a frequency range of 225 cycles to 2750 cycles. 
Well adapted for use in either single sideband 
transmitter or receiver. Possible to obtain a 40 db 
suppression of the unwonted sideband. The No. 
75012 precision adjusted phose-shift network elimi-
nates the necessity of complicated laboratory 
equipment for network adjustment 
No.75012  

DELAY LINES 
No. 34751—Sealed flexible distributed constants 
line. Excellent rise time. 1350 ohms, 22 inches per 
microsecond or 550 ohms, 50 inches per mu.-sec. 
Delay cut to specifications. 
No. 34700—Hermetically sealed encased line. 
Good rise time. 0-0.45 m.-sec. 1350 ohm line or 
0.22 mu.•sec. 500 ohm line in 1" x 1" x 51/2 " in 
cose. Also larger standard cases and cases made 
to order. Special impedances 400 to 2200 ohms. 
No. 34600—Lumped delay line built to specifica-
tions. Delays 0.05 mu.-sec. to 250 mu.-sec. Im-
pedance 50 ohms to 2000 ohms. 

PHOTO MULTIPLIER SHIELDS 

MU-METAL 
The photo multiplier tube operates most effectively 
when perfectly shielded. Careful study has proven 
that mu-metal provides superior shielding. Millen 
Mu-Metal shields are available from stock for the 
most popular tubes. 
No. 808018 for the 1P21, 1P22, I P2P, 931A 
No. 808028 for the 5819, 6217, 6292, 6342. 
No. 80802C for the 6199, 6291, 6467  
No. 80802E for the 6810A, 6903  
No. 80802F for the 6372  
No. 808031 for the 6363, K1197  
No. 80805M for the 6364  

BEZELS FOR 

CATHODE RAT TUBES 
Standard types are of satin finish black plastic. 5" 
size has neoprene support cushion and green lucite 
filter. 3" and 2" sizes have integral cushioning. 
No. 80075-5"  
No. 80073-3"  
No. 80072-2"  
No. 80071— I"  

CATHODE RAY 

TUBE SHIELDS 
For many years we have specialized in the design 
and manufacture of magnetic metal shields of 
nicoloi and mumetal for cathode ray tubes in our 
own complete equipment, as well as for applica-
tions of all other principal complete equipment 
manufacturers. Stock types os well as special de-
signs to customers' specifications promptly available. 
No. 80045—Nicoloi for 58P1   
No. 80055—Nicoloi for 5CP1   
No. 80043—Nicoloi for 3" tube  
No. 80042—Nicoloi for 2" tube  

SHIELD CASES 

ALUMINUM 
Effective RF shielding for coils and transformers can 
be provided by Millen Aluminum cans. Available in 
several sizes from stock 
No. 80003-1 1/2 " x 11/2 " x 4"  
No. 80004-1 1/2 " x 1 7/µ" x 41/2 "  
No. 80005-2" x 2" x 41/2 '  
No. 80006-21/4 " round x 4"  
No. 80007-2 1/2 " round x 21/2 " open ends 
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PANEL DIALS 

The No. 10035 illuminated panel dial has 12 to 1 
ratio; size, 81/2 " x 61/2 ". Small No. 1 0039 has 
8 to 1 ratio, size, 4" n 31/4 ". Both are of compact 
mechanical design, easy to mount and have totally 
self -contained mechanism, thus eliminating back cf 
panel interference. Provision for mounting and 
marking auxiliary controls, such as switches, pu• 
tentiometers, etc., provided on the No. 10035. 
Standard finish, either size, flat black art metal. 

No. 10039   
Na. 10035  

WORM DRIVE UNIT 

Cast aluminum frame may he panel or base 
mounted. Spring loaded split gears to minimize 
back lash. 
Standard ratio 16 I. Also in 48 1 on request 

No. 10000—)state ratio)   

DIALS AND KNOBS 

iu5I u few uf the muny stock types of small dials 
and knobs are illustrated herewith. 10007 is We" 
diameter, 10009 is 21/4 " and 10008 is 31/2 " 
No, 10002   
No.10007  
No.10008  
No. 10009  
No.10015   
No. 10018  
No. 10021   
No. 10065  

RIGHT ANGLE DRIVE 

Ex tr emel y compact, u'III pi c, or 111.1/ meth. 
ods of mounting. Ideal for operatinr, potentiome-
ters, switches, etc., that must be located, for short 
leads, in remote parts of chassis. 

No. 10012  

HIGH VOLTAGE INSULATED 

SHAFT EXTENSION 

No. 10061 shaft locks and the No. 39023 insulated 
high voltage potentiometer extension mountings are 
available as a single integrated unit—the No. 
39024. The proper shaft length is independent of 
the panel thickness. The standard shaft has pro-
vision for screw driver adjustment. Special shaft 
arrangements . e available for industrial applica-
tions. Extension shaft and insulated coupling are 
molded as a single unit to provide accuracy of 
alignment and ease of installation. 
No. 39023, non locking type  
No. 39024, locking type  

SHAFT LOCKS 

In addition to the original No. ' 0060 und No. 
10061 -DESIGNED FOR APPLICATION" shaft locks, 
we can also furnish such variations as the No. I 0062 
and Na. 10063 for easy thumb operation os illus-
trated above. The No. 1006 I instantly converts any 
plain " 1/4  shaft" volume control, condenser, etc. 
',Orn "plain" to "shaft locked" type. Easy to mount 

place of regular mounting nut 

10060  
No. 10061   
No. 10062  
No. 10063  

TRANSMISSION LINE PLUG 

Ao enexpensive, compact, and efficient polystyrene 
unit for use with the 300 ohm ribbon type poly-
ethylene transmission lines. Fits into ,tandard Millen 
No. 33102 ( crystal) socket. Pin spacing 1/2 ", 
diameter .095". 

No. 37412  

DIAL LOCK 

Compact, easy to mount, positive in action, does 
not alter dial setting in operation! Rotation of knob 
"A" depresses finger -E- and without imparting 
any rotary motion to Dial. Single hole mounted. 

No. 10050  
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TUBE SOCKETS 

DESIGNED FOR APPLICATION 

MODERN SOCKETS for MODERN TUBES! Long 
Flashover path to chassis permits use with trans. 
witting tubes, 866 rectifiers, etc. Long leakage path 
between contacts. Contacts are type proven by 

hundreds of millions already in government, com-
mercial and broadcast service, to be extremely 
dependable. Sockets may be mounted either with 
or without metal flange. Mounts in standard size 
chassis hole. All types have barrier between con-
tacts and chassis. All but octal and crystal sockets 
also have barriers between individual contacts in 
addition. 

The No. 33888 shield is for use with the 33008 
octal socket. By its use, the electrostatic isolation of 
the grid and plate circuits of single- ended metal 

tubes can be increased to secure greater stability 
and gain. 

The 33087 tube clamp is easy to use, easy to 
install, effective in function. Available in special 
sizes for all types of tubes. Single hole mounting. 
Spring steel, cadmium plated. 

Cavity Socket Contact Discs, 33446 are for use 
with the "Lighthouse" ultra high frequency tube. 
This set consists of three different size unhardened 

beryllium copper multifinger contact discs. Heat 
treating instructions forwarded with each kit for 
hardening after spinning or forming to frequency 
requirements. 

Voltage regJlator dual contact bayonet socket, 
33991 black phenolic insulation and 33992 with 
low loss mica filled phenolic insulation. 

No. 33004-4 Pin Tube Socket  

No. 33005-5 Pin Tube Socket  

No. 33006-6 Pin Tube Socket  

No. 33008-8 Pin Tube Socket  

No. 33888—Shield for 33008  

No. 33087—Tube Clamp  

No. 33002—Crystal Socket Yx" a . 125"  

No. 33102—Crystal Socket . 487" x . 095" 

No. 33202—Crystal Socket 1/2 " x . 125"  

No. 33302—Crystal Socket . 487" a . 050" 

No. 33446—Contact Discs  

Na. 33991—Socket for 991   

No. 33992—Socket for 991   

No. 33207-829 Socket  

Na. 33305—Acorn Socket  

No. 33307—Miniature Socket and Shield, 
ceramic  

No. 33309—Noval Socket and Shield, ce-
rorniC  

No. 33405-5 Pin Socket Eimac  

No. 33407—Miniature Socket only, ceramic 

No. 33409—Novol Socket only, ceramic  

STAND-OFF INSULATORS 

Steatite insulators are available in a variety of 
sizes— Listed below are some of the most popular. 

No. 31001—Stand-off 1/2 " x 1"  

No. 31002—Stand-off 1/2 " x 21/2 "  

No. 31003—Stand-off 3/4 " a 2"  

No. 31004—Stand-off 3/4 " a 31/2 "  

No. 31006—Stand-off "32" o Vs"  

No. 31007 — Stand-off Vo" x 1"  

No. 31011 —Cone 'A' u 1/2 '' ( boo of 5). • 

No. 31012—Cone 1" a I"  

No. 31013—Cone 11/2 " 1"  

No. 31014—Cone 2" x 1"  

No, 31015—Cone 3" I 1/2"  
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04000 and 11000 SERIES 

TRANSMITTING CONDENSERS 

Another member of the "Designed for Applica-
tion" series of transmitting variable air capacitors 
is the 04000 series with peak voltage ratings of 
3000, 6000, and 9000 volts. Right angle drive, 
1-1 ratio. Adlustable drive shaft angle for either 
verticol or sloping panels. Sturdy construction, 
thick, round•edged, polished aluminum plates 
with 13/4 '. radius. Constant impedance, heavy 
current, multiple finger rotor contactor of new 
design. Available in all normal capacities. 

The 11000 series has 16/1 ratio center drive 
and fixed angle drive shaft. 

12000 and 16000 SERIES 

TRANSMITTING CONDENSERS 

Rigid heavy channeled aluminum end plates. 
lsolantite insulation, polished or plain edges. One 
piece rotor contact spring and connection lug. 
Compact, easy to mount with connector lugs in 
convenient locations. Same plate sizes as 11000 
series above. 

The 16000 series has some plate sizes as 04000 
series. Also has constant impedance, heavy 
current, multiple finger rotor contactor of new 
design. Both 12000 and I 6000 series available 
in single and double sections and many capaci-
ties and plate spacing 

THE 28000-29000 SERIES 

VARIABLE AIR CAPACITORS 

"Designed for Application," double bearings, 
steatite end plates, cadmium or silver plated 
brass plates. Single or double section .022" or 
.066" air gap. End plate size: 19/16" x 11/16". 
Rotor plate radius: 3/4 ". Shaft lock, rear shaft 
extension, special mounting brackets, etc., to 
meet your requirements. The 28000 series has 
semi-circular rotor plate shape. The 29000 
series has approximately straight frequency line 
rotor plate shape. Prices quoted on request. 
Many stock sizes. 

NEUTRALIZING CAPACITOR 

Designed originally for use in our own No. 
90881 Power Amplifier, the No. 15011 disc 
neutralizing capacitor has such unique features 
as rigid channel frame, horizontal or vertical 
mounting, fine thread over-size lead screw with 
stop to prevent shorting and rotor lock. Heavy 
rounded-edged polished aluminum plates are 2" 
diameter. Glazed Steatite insulation. 

No. 15011   

PERMEABILITY TUNED CERAMIC 

FORMS 

In addition to the popular shielded plug-in per-
meability tuned forms, 74000 series, the 69040 
series of ceramic permeability tuned unshielded 
forms are available as standard stock items. 
Winding diameters available from 3/4 6" to 1/2 " 
and winding space from ' 1/4 2" to 1 1/4 ". 

No. 69041 —(Copper Slug)  
No. 69042 —Oren Core)  
No. 69043—(Copper Slug)  
No. 69044— Bron Core)  
No. 69045—(Copper Slug)  

No. 69046—(Iron Core)  
No. 69047—)Copper Slug)  
No. 69048—)Iron Core)  
No. 69051—(Copper Slug)  
No. 69052—(Iron Core)  
No, 69054—(Iron Core)  
No. 69055—(Copper Slug)  
No. 69056—(Iron Core)  
No. 69057—Copper Slug)  

No. 690.58—Won Core)  
No.69061—(Copper Slug)  
No. 69062— Bron Core)  
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TRANSMITTING TANK COILS 

A full line— all popular wattages for all bands. 
Send for special catalog sheet. 

TUNABLE COIL FORM 

Standard octal base of low loss mica-filled bake-
lite, polystyrene V:" diameter coil form, heavy 
aluminum shield, iron tuning slug of high frequency 
type, suitable for use up to 35 me. Adjusting screw 
protrudes through center hole of standard octal 
socket. 

No. 74001, with iron cote  
No. 74002, less iron core  

RF CHOKES 

Many hove copied, few have equalled, and none 
have surpassed the genuine original design Millen 
Designed for Application series of midget RF 
Chokes. The more popular styles now in constant 
production are illustrated herewith. Special styles 
and variations to meet unusual requirements quickly 
furnished. 

Figures 1 and 4 illustrate special types of RF chokes 
available on order. The popular 34300 and 34200 
series are shown in figutes 2 and 3 respectively. 

General Specifications: 2.5 nth, 250 ma for types 
34100, 34101, 34102, 34103, 34104 and 1 mh, 
300 ma for types 34105, 34106, 34107, 34108, 
34109. 

No.34100  
Na. 34101   
No.34102  
No.34103  
No. 34104  

MIDGET COIL FORMS 

Made of low loss mica filled brown bokelite. Guide 
funnel makes for easy threading of leads through 
Pos. 

No. 45000  
No. 45004  
Na. 45005  

OCTAL BASE AND SHIELD 

Low loss phenolic base with octal socket plug and 
aluminum shield can I% x 11/4  x 311/4 6. 

No. 74400  

MINIATURE POWDERED IRON CORE 

RF INDUCTANCES 

The No. 1300—Miniature powdered iron core in-
ductances. 0.107 in dia. x Kt in. long. Inductances 
from 3.3 microhenries to 2.5 millihenries 5%. 
EIA standard values plus 25, 50, 150, 250, 350, 
500, and 2500 microhenries. Three layer solenoids 
from 39 to 350 microhenries. 1/4  in. wide single pi 
from 360 to 2500 microhenries. Special coils on 
order. 

PHENOLIC FORM 

RF INDUCTANCES 

The No. 34300 Inductances—Phenolic coil form 
with axial leads. Inductances from 1 microhenry to 
2.5. millihenries t- 5%. RETMA standard values 
plus 25, 50, 150, 250, 350, 500, and 2500 micro-
henries. Solenoids front 1 to 16 microhenries. Single 
pi from 18 to 300 microhenries. Multiple pi for 
higher inductances. Forms ,/r" dia. u Yid in. long, 
%."o %", 1/4 " X 1/4 ", and 1/4 " x 1". Special coils 
on order. 

MINIATURE IF TRANSFORMERS 

Extremely high Q—appro i-nately 200—Variable 
Coupling—(under, critical, and over) with all ad-
justments on top. Small size 11/4 6" x 19/16" n 174" 
Molded terminal base. Air capacitor tuned. Coils 
completely enclosed in cup cores. T pped primary 
and secondary. Rugged construction. High electrical 
stability. 

No. 61455, 455 kc. Universal Trans  
No. 61453, 455 kc. 8E0  
No. 61160, 1600 M. Universal Trans  
No. 61163, 1600 kc. BFO  
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FLEXIBLE COUPLINGS 

The No. 39000 series of Millen " Designed for Ap-
plication" flexible coupling units include, in addition 
to improved versions of the conventional types, also 
such exclusive original designs as the No. 39001 
insulated universal joint and the No. 39006 "slide-
action" coupling ( in both steatite and bakelite 
insulation). 
The Na. 39006 "slide-action" coupling permits 
longitudinal shaft motion, eccentric shaft motion and 
out-of- line operation, os well as angular drive 
without backlash. 

The No. 39005 and 39005-B (high torque) are 
similar to the No. 39001, but are not insulated. 
The steatite insulated No. 39001 has a special anti. 
backlash pivot and socket grip feature. All of the 
above illustrated units are for V-s" shaft and are 
standard production type units. The No. 39016 in-
corporates features which have long been desired 
in a flexible coupling. No Back Lash—Higher Flexi-
bility—Higher Breakdown Voltage—Smaller Diam-
eter—Shorter Length—Higher Alignment Accuracy 
—Higher Resistance to Mechanical Shock—Solid 
Insulating Barrier Diaphragm—Molded as a Single 
Unit. 

CERAMIC PLATE OR 

GRID CAPS 

Soldering lug and contact one-piece. Lug ears 
annealed and solder dipped to facilitate each 
combination "mechanical plus soldered" connection 
of cable. 

No. 36001 Ws"  
No, 36002—W'  
No. 36004_1%"  

SNAP LOCK PLATE CAP 

For Mobile, Industrial and other applications where 
tighter than normal grip with multiple finger 360° 
low resistance contad is required. Contact self-
locking when cap is pressed into position. Insulated 
snap button at top releases contact grip for easy 
removal without damage to tube. 
No. 3601 I Yu"  
No.360 I 2—W"  

SAFETY TERMINAL 

Combination high voltage terminal and thru-bushing 
Tapered contact pin fits firmly into conical socket 
providing large area, low resistance connection. 
Pin is weivel mounted in cap to prevent twisting of 
lead wire. 

No.37001, Black or Red  
No. 37501, Low loss  

THRU-BUSHING 

Efficient,compact, easy to use and neat appearing. 
Fits W"hole in chassis. Held in place with a drop of 
solder or a "nick" from a crimping tool. 

No.32150  

POSTS, PLATES, AND PLUGS 

The No. 37200 series, including both insulated and 
non- insulated binding posts with associated plates 
and plugs, provide various combinations to meet 
most requirements. The posts have captive heads 
and keyed mounting. 

The No. 37291 and No. 37223 are standard in 
black or red with other colors on special order. No. 
37201, No.37202, and No.37204 and No.37222 
are available in black, red, or low loss. The No. 
37202 is also available in steatite. 

No. 37201—Sing le plates, pr  
No. 37291—Single plates (tapered), pr  
No. 37202—Dual plates, pr  
Na. 37204—Double dual plates, pr  
No. 37212—Dual plug  
No. 37222—Non- insulated binding post, ea. 
No. 37223—Insulated binding posts, ea  

STEATITE TERMINAL STRIPS 

Terminal and lug are one piece. Lugs are turret 
type and are free floating so as not to strain 14 
ceramic on wide temperature variations. Easy to 
mount with series of round holes. 1 400 volt and 
3500 volt series. 



IIINIATURIZED COMPONENTS 
DESCRIPTION 1)I .SIGNED for A l'PLICAT1ON miniaturized components 

developed for use in our own equipment such as the 911901 Oscillo-
scope. are now available for separate sale. Many of these parts 
are similar. in most details except size. to their equivalents in our 
standard component parts group. In certain ,its ivy, where e  
plete miniaturization is not par. . ii combination of standard 
and miniature romponents may possibly he used to advantage. 
l'or cons enienee. we have also listed uni this page the extremely 
small sized coil forms from our standard catalog. 
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Johnson Amateur Equipment 

... For Full Communication POWER! 

inimmumb._ ) 

VIKING "ADVENTURER" 50 WATT TRANSMITTER—Used to earn first Novice WAC! 
(Worked All Continents.) Self-contained, effectively TVI suppressed, instant bandswitch-
ing 80, 40, 20, 15, and 10 meters. Operates by crystal or external VFO. An octal 

power receptacle located on the rear apron provides full 450 VDC at 150 ma. and 6.3 
VAC at 2 amp. output of supply to power auxiliary equipment such os a VFO, signal 
monitor, or modulator for phone operation. This receptacle also permits using the full 
output of the supply to power other equipment when the transmitter is not operating. Wide 
range pi-network output handles virtually any antenna without separate antenna tuner. 
Break-in keying is clean and crisp. Designed for easy assembly. With tubes, less crystals 
and key. Dimensions: 10 3/.' x x 73/a". Shipping Weight: 19 lbs. 

Cat. Na. 240-181-l. . Kit Amateur Net $54.95 

SPEECH AMPLIFIER/SCREEN MODULATOR—Designed to provide phone operation 
for the "Adventurer". High gain—use with either crystal or dynamic microphones. Simple 
installation—only minor wiring changes necessary in "Adventurer". With tubes. 

Cat. Na, 250-40.. Kit Amateur Net $ 12.25 

VIKING "NAVIGATOR" TRANSMITTER EXCITER—This compact, flexible CW trans-
mitter has enough RF power to excite most high powered final °NAP ers on CW and AM. 
40 watts—bandswitching 160 through 10 meters. Highly stable, built-in VFO is tempera-
ture compensated and voltage regulated—may also be operated crystal control Timed 
sequence keying—effectively TVI suppressed. Pi-network antenna load matching from 
40 to 600 ohms. With tubes, less crystals and key. Dimensions: 13 1/4" x 91/4 " x 10 1/4 ". 

Shipping Weight: 27 lbs. 
Cat. No. 240-126-1 K it.  Amateur Net $ 149.50 

Cat. Na. 240-126-2.. Wired and Instad Amateur Net $ 199.50 

VIKING "CHALLENGER" TRANSMITTER—Ideal for fixed station, emergency, portable 
or field day use, the "Challenger" is a full size transmitter with three RF stages— designed 
for fast, easy tuning, excellent stability and plenty of reserve drive. 70 watts phone input 
80 through 6 meters, 120 watts CW input 80 through 10 meters... 85 watts CW input 
on 6 meters! A single 6DQ6A buffer drives two husky 6DQ6A bridge neutralized 
tetrodes in the final amplifier. Hi "Q" wide range pi-network output—effectively TVI 
suppressed and filtered. For crystal or external VFO control Excellent keying system. 
With tubes and built-in power supply. 

Cat. Na. 240-182-1.. Kit   Amateur Net $ 114.75 

Cat. No. 240-182-2.. Wired and tested Amateur Net $ 154.75 

VIKING "RANGER" TRANSMITTER—This outstanding amateur transmitter will also 
serve as an RF and audio exciter for high power equipment. As an exciter, it will drive any 
of the popular kilowatt level tubes. No internal changes necessary to switch from trans-
mitter to exciter operation. Self-contained, 75 watts CW or 65 watts phone input 
... instant bandswitching 160, 80, 40, 20, 15, and 10 meters. Extremely stable, built-in 

VFO or crystal control—effectively TVI suppressed—high gain audio—timed sequence 
(break-in) keying—adjustable wave shaping. Pi-network antenna load matching from 50 
to 500 ohms. Easily assembled—with tubes, less crystals, key and microphone. 15 1/2' x 
9511' x 14'. Shipping Weight: 54 lbs. 

Cat. No. 240-161-1..Kit Amateur Net $229.50 

Cat. No. 240-161-2.. Wired and tested Amateur Net $329.50 

VIKING "VALIANT" TRANSMITTER—Designed tor outstunding flexibility and per-
formance. 275 watts input on CW and SSB ( PEP. with auxiliary SSLI exciter), 200 watts 
AM. Instant bandswitching 160 through 10 meters—operates by built-in VFO or crystal 
control. Pi-network tank circuit will match antenna loads from SO to 600 ohms—final 
tank coil is silver-plated. Other features: TVI suppressed—timed sequence ( break-in) 
keying—high gain push-to-talk audio system—low level audio clipping— built-in low 
pass audio Alter—self-contained power supplies. With tubes, less crystals, key, and micro-
phone. Dimensions: 21" x 11W x 16%'. Shipping Weight: 83 lbs. 

Cat. Na, 240-104-1.. Kit Amateur Net $349.50 

Cat. No. 240-104-2 — Wired and tested Amateur Net $439.50 
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VIKING "FIVE HUNDRED" TRANSMITTER—Rated a full 600 watts CW but) watts 
phone and SSS. ( P.E.P. with auxiliary SSB exciter.) All exciter stages ganged to VFO 
tuning. Two compact units: RF unit small enough to place on your operating desk beside 
receiver— power supply modulator unit may be placed in any convenient location. 
Crystal or built-in VFO control—instant bandswitching 80 through 10 meters—TVI sup-
pressed— high gain push-to-talk audio system—low level audio clipping. Pi- network 
output circuit with silver-plated final tank coil will load virtually any antenna system. With 
tubes, less crystals, key, and microphone. Dimensions: RF Unit- 21' a 11 1/4 ' a 16 1/2 '. 
Power Supply-20 1/4 ' a 15 1/4 ' x 10 1/4 '. Total Shipping Weight: 200 lbs. 

Cat. No. 240-500-1.. Kit Amateur Net $749.50 

Cat. No. 240-500-2.. Wired and tested Amateur Net $949.50 

VIKING "THUNDERBOLT" AMPLIFIER—The hottest linear amplifier on the market— 
handles over 2000 watts P.E.P. • input SSB; 1000 watts CW; 800 watts AM linear; in 
completely self-contained desk-top package. Continuous coverage 3.5 to 30 mcs.— 
instant bandswitching. May be driven by the Viking "Navigator", "Ranger", "Pace-
maker", or other unit of comparable output. Drive requirements: approximately 10 watts 
in Class AB, linear, 20 watts Class C continuous wave. With tubes and built-in power 
supply. Dimensions: 21' x 11 1/4 ' x leis'. Shipping Weight: 140 lbs. 

Cat. No. 240-353-1.. Kit Amateur Net $524.50 

Cat. No. 240-353-2.. Wired and tested Amateur Net $589.50 

VIKING "COURIER" AMPLIFIER— Rated a solid one-half kilowatt P.E.P. input with 
auxiliary SSB exciter as a Class B linear amplifier; one-half kilowatt input CW or 200 
watts in AM linear mode. Completely self-contained desk-top package—may be driven 
by the Viking "Navigator," "Ranger," "Pacemaker," or other unit of comparable output. 
ContinuJus coverage 3.5 to 30 mes. Drive requirements: 5 to 35 watts depending upon 
mode and frequency desired. Pi-network output designed to match 40 to 600 ohm 
antenna loads. Fully TVI suppressed. Complete with tubes and built-in power supply. 
Dimensions: 15 1/2 ' a 95/8" a 14'. Shipping Weight: 68 lbs. 

Cat. No, 240-352-1 Kit Amateur Net $244 50 

Cat, No. 240-352-2.. Wired and tested Amateur Net $289.50 

VIKING "6N2" TRANSMITTER— Instant bandswitching on 6 and 2 meters, this compact 
VHF transmitter is rated at 150 watts CW and 100 watts AM phone. Completely shielded 
and TVI suppressed, the " 6N2" may be used with the Viking "Ranger," "Viking I," " Viking II," 
or similar power supply modulator combinations capable of at least 6.3 VAC at 3.5 
amp., 300 VDC at 70 ma., 300 to 750 VDC at 200 ma. and 30 or more watts audio. 
May be operated by built-in crystal control or external VFO with 8-9 mc. output. With 
tubes, less crystals, key, and microphone. Dimensions: 13 1/4 ' a 81/4 ' x 81/2'. Shipping 
Weight: 14 lbs. 

Cat. No, 240-201- 1— Kit Amateur Net $ 129.50 

Cat. No. 240-201-2— Wired and tested.  Amateur Net $ 169.50 

VIKING "6N2" THUNDERBOLT AMPLIFIER—Brand new  continuous bandswitched 
coverage on 6 and 2 meters. Rated at 1200 watts P.E.P.' input SSB and DSB, Class AB;; 
1000 watts CW input Class C; and 700 watts input AM linear, Class Allt. Drive require-
ment approximately 5 watts in Class Mit linear or 6 watts Class C continuous wave. 
Effectively TVI suppressed and filtered—wide range pi network output. Outstanding effi-
ciency— losses on 2 meters held to approximately 5%, instead of common 25% losses 
experienced in some other 2 meter circuitry, due to unique silver-plated anode and other 
external metal portions of the 7034 tubes; silver-plated inductors, capacitors, and switch. 
With tubes. Dimensions: 21" a 11 1/4 " u 161/4 ". 
Shipping Weight: 140 lbs. 

Cat. No. 240-362-1. . Kit  Amateur Net $ 524.50 

Cat. No, 240-362-2.. Wired and tested . Amateur Net $ 589.50 

The E. F. Johnson Company reserves 
the right to change prices and speci-
fications without notice and without 
incurring obligation. 

VIKING "KILOWATT" AMPLIFIER—Brilliantly designed ond engineered, the 
Viking -Kilowatt- is the only power ampl fier available which will handle full 
2000 watts SSB • input and 1000 watts CW and plate-modulated AM! Class 
"C" final amplifier operation provides plate circuit efficiencies in excess of 70' 
Final amplifier utilizes two 4-400A retraces in parallel, bridoe neutralized. Con-
tinuous coverage 3.5 to 30 mc. Excitation requirements 30 watts RF and 10 watts 
audio for AM; 10 watts peak for SSB. 

Cat, No. 240-1000. Wired and tested Amateur Net $ 1595.00 

Cat. No. 251- 101- 1— Matching accessory desk top, back and three drawer 
pedestal FOB Corry, Pa. $ 132.00 

*The FCC permits a maximum of one kilowatt average power input for the 
amateur service. In 558 operation under normal conditions this results in peak 
envelope power inputs of 2000 watts or more depending upon individual voice 
characteristics. 
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Johnson Station Accessories 

... For Outstanding PERFORMANCE! 

VIKING AUDIO AMPLIFIER—A self-contained I 0- watt speech amplifier complete with 
power supoly. Speech clipping and filtering designed to raise average modulated 
carrier level... improves the performance and effectiveness of your AM transmitter. 
Inputs provided for microphone, or line. Complete with tubes. Dimensions: I rig" o 8" 
51/4 ". Shipping Weight: 22 lbs. 

Cat. No. 250-33-1 .. Kit Amateur Net $73.50 

Cat. Na. 250-33-2.. Wired and tested Amateur Net $99.50 

POWER REDUCER—Provides up to 20 watts continuous dissipation for 100-150 watt 
transmitters such as Johnson Viking, Collins 32V, or others, permitting them to serve as 
exciten for the Viking "Kilowatt". Completely shielded—equipped with $0-239 coaxial 
connectors. Dimensions: 31/2 ' long x 2¼' diameter. 

Cat. No. 250-29 Amateur Net $ 13.95 

POWER DIVIDER—Provides up to 35 watts continuous dissipation. Designed to provide 
the proper output loading of the "Pacemaker" SSB Transmitter when used to drive the 
Viking Kilowatt Amplifier. 

Cat. No. 250-34 Amateur Net $25.50 

VIKING "6N2" VFO—Exceptionally stable and compact—designed to replace 8 to 9 
mc. crystals in frequency multiplying 6 and 2 meter transmitters, including types using 
overtone oscillators. Temperature compensated and voltage regulated for minimum 
drift and high stability. Plexiglas dial calibrated from 144 to 148 mc., 50 to 51.5 mc., 
51.5 to 53 mc. 10 to 1 vernier tuning. Complete with tubes and calibrated dial. Dimen-
sions: 4' x 41/2 ' x 5". 

Cat. No. 240-133-1 Kit  Amateur Net $ 34.95 

Cat. No. 240-133-2.. Wired and tested  Amateur Net $ 54.95 

VIKING "6N2" CONVERTER—This compact "6N2" Converter provides instant front 
panel switching from normal receiver operation to either 6 or 2 meters. Maximum 
sensitivity and low noise figure— excellent image and I. F. rejection due to double-tuned, 
overcoupled, interstage circuits on both 6 and 2 meters. With tubes. Dimensions: 21/4 ' o 
5" x 12." Shipping Weight: 5 lbs. Available kit or wired in either 26 to 30 mcs., 28 to 30 
mcs., 14 to 18 mcs., or 30.5 to 24.5 mcs. ranges. Specify range desired. 

Kits  Amateur Net $ 59.95 

Wired Models Amateur Net $89.95 

MOBILE VFO—Diminutive variable frequency oscillator designed specifically for mobile 
use. Rugged construction minimizes frequency shift due to road shock and vibration ... 
small size permits steering post mounting. Temperature compensated and voltage regu-
lated. Calibrated 75 through 10 meters ... 3.75 to 4 mc. output for 75 meters and 7.05 
to 7.45 for 40 to 10 meters. 10.5 mc. output also available for doubling to 15 melers. 
With tubes. Dimensions: 4' x 41/4 ' o 5'. 

Cat. No. 240-152-1 . . Kit Amateur Net $33.95 
Cat. No. 240-152-2.. Wired and tested Amateur Net $52.50 

"WHIPLOAD-6"—Provides high eff .ciency base loading for mobile whips with instent 
bandswitch selection of 75, 40, 20, 15, 11, and 10 meters. On 75 meters a spe,ial 
capacitor with dial scale permits tuning entire band. Covers other bonds without tuning. 
Air-wound coil provides extremely high "Q." Fibre- glass housing protects assembly. 
Mounts on standard mobile whip. 

Cat. No. 250-26.. Wired and tested Amateur Net $ 16.95 

VIKING "MATCHBOXES" Provides completely integrated antenna matching and switch-
ing systems for kilowatt or 275-watt transmitters. Units complete with built-in directional 
coupler and indicator. Bandswitching 80, 40, 20, 15, and 10 meters. Quickly and easily 
match transmitter to balanced or unbalanced lines over a wide range of antenna im-
pedances will tune out large amounts of capacitive or inductive reactance. No "plug-in" 
coils or "load-tapping" necessary. 

275 WATT "MATCHBOX" 

Cat. No. Amateur Net 

250-23-3 With built-in Directional Coupler & Indicator $86.50 

250-23 Less built-in Directional Coupler & Indicator $54.95 

KILOWATT "MATCHBOX" 

Cat. No. Amateur Net 

250-30-3 With built-in Directional Coupler 8 Indicator $149.50 

250-30 Less built-in Directional Coupler 8 Indicator $124.50 

SWR BRIDGE—Measures standing wove ratios for effective use of a low pass filter and 
antenna coupler. 52 ohms impedance can be changed to 70 ohms or other value. SO-239 
connectors and polarized meter jacks. Dimensions: 41/$2' long x 21/4 " diameter. 

Cat. No. 250-24.. Wired and tested Amateur Net $9.75 
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"SIGNAL SENTRY"-Monitors CW or phone signals on all frequencies to 50 mc. without 
tuning. Energized by transmitter RF. Mutes receiver audio for break-in. May be used as 
code practice oscillator with simple circuit modification. Requires 250 VDC at $ ma.; and 
6.3 VAC at .6 amp. from receiver or other source. With tubes. Dimensions: 3%' u 31/4 " 
x 33/4 '. Shipping Weight: 3 lbs. 

Cat. No, 250-25.. Wired and tested  Amateur Net $22.00 

CRYSTAL CALIBRATOR- Provides accurate 100 kc. check points to 55 mc. Requires 
6.3 volts at . 15 amps. and 150-300 volts at 2 ma. With tube, military-type crystal, power 
cable and extension leads. Dimensions: x 21/4 " x 11/4 . ( Over-all height to top of 
tube is 31/4 .) 

Cat. No. 250-28.. Wired and tested Amateur Net $ 17.95 

LOW PASS FILTER- Handles more than 1000 watts RF- provides 75 db or more 
attenuation above 54 mc. Insertion loss less than .25 db. Replaceable Teflon insulated 
fixed capacitors. 50-239 coaxial connectors. Wired and pre-tuned. Dimensions: 9' long 
2,A6' diameter. 

Cat. No. 250-20- Wired and pre-tuned 52 ohms Amateur Net $ 14.95 

Cat. No. 250-35- Wired and pm-tuned 72 ohms Amateur Net $ 14.95 

ATTENUATORS-These T-pad attenuators provide 6 db of attenuation with required 
power dissipation to enable various units to serve as exciters for the Viking "Thunderbolt" 
linear amplifier. Dial instantly cuts ottenuator in or out of circuit. Dimensions: 41/2.0 31,4 
u 91/4 '. Shipping Weight: 2 lbs. 

For use with Viking "Ranger" of similar unit. Provision for 75 watt incandescent bulb so 
unit may be used with Viking II or similar transmitter exciter. 

Cat. No. 250-42-1   Amateur Net $21.50 

Cat. No. 250-42-3 For use with HT- 32, or similar unit.. ..... .  Amateur Net $ 21.50 

PRE-TUNED BEAMS-Rugged, semi-wide spaced pre-tunea beams with balun matching 
sections. For 20, 15 and 10 meters. Approximately 9.0 db gain over tuned dipole-
greater than 27 db front-to- back ratio with low SWR. Pattern is uni-directional, beam 
width is 55 . No adjustments required. Boom assemblies are of 2' galvanized steel 
tubing, elements are aluminum alloy tubing. No loading devices needed for flutter 
dampening or corona discharge. 

Cat. No. ( With 3 elements, beam and balun) Amateur Net 

138-420-3 20 Meter Beam-20' Boom. 84 lbs. Net Weight $139.50 
138-415-3 15 Meter Beam-13'7 Boom. 53 lbs. Net Weight  110.00 

138-410-3 10 Meter Beam- 10' Boom. 42 lbs. Net Weight  79.50 

ROTOMATIC ROTATOR-Safely supports multiple orroys weighing up to several 
hundred pounds, even under heavy icing conditions or high wind loading. Rotates 1 RPM 
-over-all gear reduction 12,000 to 1. Rotator housing is cast aluminum, with 5 ' 16' 
steel rotating table. Includes desk top control box for automatic and accurate antenna 
azimuth bearing. 

Cat. No. Amateur Net 

138-116.. With limit switches for 370' rotation- coaxial line...  $354 00 

138-108.. Beam switching relay..   S 22.00 

144-16...8 Conductor cable for rotator, per ft  5 . 26 

"MATCHSTICK"- Fully automatic, pre-tuned multi-band vertical antenna system. Band-
switching 80 through 10 meters. Remotely motor driven from operating position. Easily 
mounts on roof top or in limited space location. Low SWR (less than 2 to 11 all bands. 
Impedance: 52 ohms. Complete with 35' mast, base, tuning network, relays, control box 
and 6 nylon guy ropes. Shipping Weight: 38 lbs. 

Cat. No, 137-102..Pre-tuned Amateur Net $ 129.50 

T-R SWITCH-Provides instantaneous high- efficiency electronic antenna switching. Ex-
cellent receiver isolation. Gain: 0 db at 30 mcs.; 6 db at 3.5 mcs. Rated at 4000 watts 
peak power. Instantaneous break-in on SSB, DSB, CW or AM. Will not affect transmission 
line SWR-provides an effective impedance match to most receivers through 3 to 30 mc. 
ranje. With tube, power supply, and provision for RF probe, etc. Dimensions: 4,/u,' x 4%" 
x Shipping Weight: 5 lbs. 

Cot. No. 250-39.. Wired and tested  Amateur Net $27.75 

DIRECTIONAL COUPLER AND INDICATOR-Provides continuous reading of SWR and 
relative power in transmission line. Coupler may be permanently installed in 52 ohm 
coaxial line-handles maximum legal power as specified by FCC. Standard tip jacks 
permit use of commercial multimeter as indicating instrument-reference sheets showing 
curves supplied for popular multimeter basic ranges. Indicator is a 0-100 micro-ammeter 
calibrated in SWR and relative power. Monitors incident or reflected power quickly with 
flip of a switch. Coupler dimensions: 61/4 ' long x d;ameter. Shipping Weight: 2 lbs. 
Indicator dimensions: 4' x 43/s' x 41/4 '. Shipping Weight: 4 lbs. 

Cat. No. 250-37. Coupler, Wired and tested Amateur Net $11.75 

Cat. No. 250-38 Indicator, Wired and tested Amateur Net $25.00 

KEYS AND PRACTICE SETS-Johnson also manufactures a complete line of semi-
automatic, high speed, standard, heavy duty and practice keys; code practice sets and 
buzzers. See your distributor for complete information. 

The E. F. Johnson Company reserves 
the right to change prices and speci-
fications without notice and without 
incurring obligation. 
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Johnson Components 

....Tops for QUALITY! 

The E. F. Johnson Company also manufactures a 
complete line of electronic components for those of 
you who prefer to design and build your own trans-
mitting equipment and accessories. The complete 
line is covered in Catalog 978 ... write for your 
free copy today! 

• 

‘r, 

KNOBS AND DIALS— Includes a new group of molded nylon 
collet knobs available in 13 bright colors; and a distinctive line of 
matching knobs and dials suitable for use on the finest electronic 
and electrical equipment. Available with phenolic skirts, etched and 
anodized aluminum skirts with markings, or flat dial scores engraved 
and filled. Collet knobs are constructed of tough, shock-proof nylon 
—designed for use with Va" shafts; standard phenolic knobs meet 
MIL- P-14 specifications, and are furnished with heavy brass inserts 
for 1/4 " shafts. 

INSULATORS— High quality steatite and porcelain insulators. 
Heavily glazed surfaces and heavy nickel-plated brass hardware 
suitable for exposed application. May be supplied with screws 
and nuts or with jacks to accommodate standard banana plugs. 
Through- panel and stand-off types. Also antenna insulators, bush-
ings, and feeder insulators. 

PILOT LIGHTS—A complete selection of standardized pilot 
lights. Faceted jewel or wide-angle lucite lens types; enclosed or 
open body styles; standard bayonet, candelabra, or miniature 
screw types, and a wide variety of mounting brackets and assem-
blies. Jewels available in clear, red, green, amber, blue, and opal. 
All Johnson pilot lights are described in detail in Pilot Light Catalog 
750a—send for your copy! 

CONNECTORS—A complete line of new nylon connectors is 
available in addition to standard banana jacks and plugs. Nylon 
components include insulated solderless tip and banana plugs, tip 
and banana jacks, tip jack and sleeve assemblies, metal-clad tip 
jacks, and a 6-way binding post. In thirteen bright colors— nylon 
components are designed to operate through an extremely wide 
temperature range and high relative humidity conditions. (Voltage 
breakdown up to 11,000 volts.) Solderless nylon plugs are easy to 
assemble— both plugs and jacks require a minimum amount of 
mounting space. 



VARIABLE CAPACITORS 

TYPE "M"—These diminutive capacitors provide the perfect answer to 
problems encountered in the design of compact radio frequency equipment. 
Bridge-type stator terminal provides extremely low inductance path to both 
stator supports. Soldered bearing and heavily anchored stator supports 
insure extreme rigidity. 

TYPE "S"—Midway between types "M" and "K" in size, design is compact 
and construction rugged. Equipped with DC- 200 treated steatite end frame 
and nickel- plated brass plates —an excellent choice where higher capacity 
values than provided in "M" types is required in small space. 

TYPES "C" AND "D"— Functional favorites built to exacting standards for 
medium power RF equipment. Dual types have centered rotor connection for 
balance. End frames tapped for panel mounting. Brackets furnished for chassis 
mounting. 

TYPES " E" AND "F"— Rugged units provide a large amount of 
capacity per cubic inch and extremely low capacity to the chassis. Panel or 
chassis mounting. 

TYPE "G"—Neutralizing capacitors for medium and low- powered stages 
constructed on the rotor- stator principle. Panel or chassis mounting. 

TYPE "J"—Heavy-duty miniature type has wider spacing than most small 
air variables, yet occupies little more space. Useful for small space plate tank 
circuits and low power stages where standard miniatures have insufficient 
plate spacing. 

TYPE "K"—Widely used for military and many commercial applications, 
the Johnson type "K" features DC- 200 impregnated steatite end frames, 
slotted stator contacts, and extra- rigid soldered plate construction. 

TYPE "L"—A superior quality general purpose capacitor embodying im-
portant advances in design and construction. The rotor bearing and stator 
support rods are actually soldered directly to the ceramic ( steatite) end frames, 
making the capacitor virtually vibration- proof. 

TYPE "N"—Extremely high voltage rating in proportion to size requiring a 
small mounting area. Constant voltage rating throughout full capacity range. 
These are of the aluminum cup and cylinder type of construction and are 
supported by a steatite frame with cast aluminum mounting bracket. 

TYPE "R"—The rugged Johnson version of a popular standardized capa-
citor. Featuring extra heavy steatite stator support insulators and soldered 
.023" thick brass plates; all metal parts heavily nickel- plated for corrosion-
resistance. 

TYPE "U"— New design— rotor and sta-
tor are precision machined from one piece 
of solid brass, offering excellent uniformity 
and outstanding mechanical stability. Low 
cost due to automatic production techniques. 
High torque-to-mass ratio. Excellent, low 
temperature coefficient. 

TYPE "U' 

TYPE "T" 

TYPE "T"—Tiny new 
sub- miniature air vari-
able built to comply 
with MIL- C-92 speci-
fications. Excellent me-
chanical stability, "Q" 
greater than 3000 at 
1 Mc., and high torque-
to- mass ratio. Avail-
able only in production 
quantities for commer-
cial applications. 

TUBE SOCKETS 

Johnson steatite and porcelain tube sockets are avail-
able in three grades: Standard, Industrial, and Military. 
All are manufactured to rigidly controlled specifications, 
and all are made of only the highest quality materials. 

Bayonet Types—include Medium, Jumbo, and Super 
Jumbo 4 pin models. 

Steatite Wafer Types—available in 4, 5, 6, 7, and 
8 pin standard sockets as well as Super Jumbo 4 pin, 
Giant 5 and 7 pin models and VHF transmuting Septar 
base types. 

Miniature Types—are steatite insulated and avail-
able in Miniature 7 and 9 pin models. Matching minia-
ture shields also available. 

Special Purpose Types—include sockets for tubes 
such as the 204A and 849, the 833A, 304TL, 5D21, 
705A, and other special types. 

For High Power Transmitting Tubes—such as the 
4 X150A, 4 X150D, 4 X250B, 4CX250B, 4X250F, 
7034, 7035. Available in several designs—with or with-
out screen grid by-pass capacitor. Basic socket molded 
of low- dielectric loss- factor Kel-F plastic. Contacts are 
low- resistance silver-plated beryllium copper. 

geriekx-lAi4C,11  
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Typical RCA Beam Power Tubes for 
amateur service 

RCA Transmitting Tube Manual TT-4 
...2E6 fact- filled pages covering 1)8 
RCA power tube types and 13 RCA 
higti-ioltage rectifier types Available 
at ycur RCA Industrial Tube Distrib-
utor. Or send $ 1.00 to RCA Commer-
cial Eng, Sec. A- 11-M, Harrison, N. 
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RCA HAM TIPS...Written by hams for 
hams. A regular publication carrying 
up-to-the-minute articles, and latest 
"tips" for the shack. Free from your 
RCA Industrial Tube Distributor. 



F opular RCA " Htgh-Perveance" Power Tubes for Transmitter Application 
(listed according to power•input outings) 

AN 
RCA 

POWER 
TUBE 
FOR 

EVERY 
POWER 
LEVEL 

RCA 
Tyne 

5763 

6417 

2E26 

2E24 

6893 

832 A• 

807 

1625 

6524' 

Beam Power 
or 

Triode 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Beam Power 

Class 
of 

Service 

CW 
AM 

Max. 
Plate Input 

Watts 

17 
15 

Max. DC 
Plate 
Volts 

Max. freq. 
For full 

Input (Me) 

Heater (H) or 
Filament (f) 

Volts 

350 
300 

Some as RCA-5763, except for heater voltage 

CW 40 600 
SSB 37.5 500 125 
AM 27 500 

Some as RCA- 2E26, but has quick-healing filament 

Some as RCA-2E26, except for heater voltage  

CW 
AM 

CW 
SSB 
AM 

50« • 
36" 

75 
90 
60 

750 
600 

750 
750 
600 

50 

6.3 ( F) 

200 

60 

Some as RCA- 807, except for heater vol age 
and use of medium-7-pin base 

6850' Beam Power _ 

6146 Beam Power 

6883 

6.0 (H) 

12.6(H) 

6.3à (H) 
12 6. (H) 

6.3 (H) 

12.6(H) 

CW 85" 600 
SSB 85" 600 
AM 55" 500 

100 6.3 (H) 

Some as RCA-6524, except for heater voltage 12.6(H) 

CW 90 750 
SSB 85 750 60 
AM 67.5 600  

Beam Power Same os RCA-6146, except for healer voltage 

829.8• Beam Power 

7270 

811-A 

812-A 

8005 

7034/ 
4X150A 

7094 

813 

8000 

Beam Power 

Triode 

Triode 

Triode 

Beam Power 

Beam Power 

Beam Power 

Triode 

cw 

6.3 (H) 

12.6 (H) 

120" 750 
SS8 120" 750 
AM 90• • 600 

CW 315 1350 
SSB 250 1350 
AM 210 1100 

CW 260 1500 
SSB 235 1500 

I _AM 175 1250 

CW 260 1500 
AM 175  1250 

CW 300 1500 
AM 240  1250 

CW 500 2000 
SSB 630 2250 
AM 320 1600 

CW 
SUS 
AM 

CW 
SSB 
AM 

833.A Triode 

500 1500 
400 2000 
335 1200 

500 2250 
450 2500 
400 2000 

CW 750 2500 
SSB 510 2750 
AM   500 2000 

CW 1000, plus 3300 
SS8 1000, plus 3300 

AM 1000 3000 

200 
6.3à ( H) 
12.6e ( H) 

60 

30 

30 

6.3 (H) 

6.3 ( F) 

6.3 (F) 

60 10 (F) 

150 6.0 (H) 

60 

30 

30 

30 

6.3 (H) 

10 ( F) 

10 ( F) 

10 ( F) 

• Twin-Typo •• Total for both unit • For porollel.heoter connection •For series- heater c lion 

Available in a choice of input power ratings up to the legal limit. RCA power 
tubes are the Amateur's answer for power reliability in virtually every rf 
and af power application you can name. And remember this: Many RCA power 
tubes for amateurs do not require expensive air-system sockets. 

The quick-reference chart shown here will help you pick the popular RCA types 
you need—from more than 90 types of beam power tubes and triodes available 
for amateur transmitter application. Note that every type listed on this 
chart has "high-perveance" design...a development that enables you to get 
the power you want at relatively low plate voltage. And note this, too: 
Every type is conservatively rated to assure long hours of "solid" QS0's. 

Whether you are planning high power or low power, CW or 'phone, AM or 
SSB—you'll get more watts for your "transmitter dollar" when you design, or 
when you "retube", with "RCA's". 

That's why RCA Power Tubes continue to he top choice among the leading transmitter 
designers. Your RCA Industrial Tube Distributor handles the complete line. 

RADIO CORPORATION OF AMERICA 27 
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HEATHKIT 

HEATHKIT HAM EQUIPMENT 

IS DESIGNED BY HAMS 
WHO KNOW YOUR 

PROBLEMS AND 

NEEDS. 

PROVEN, "ON THE AIR" 

PERFORMANCE 

"SENECA" VHF HAM TRANSMITTER KIT 

Beautifully styled and a top performer of highest quality throughout. 
The "Seneca" is a completely self-contained 6 and 2 meter transmitter 
featuring a built-in VFO for both « and 2 meters, and 4 switch-selected 
crystal positions, 2 power supplies, 5 radio frequency stages, and 2 
dual-triode audio stages. Panel controls allow VFO or crystal control, 
phone or CW operation on both amateur bands. An auxiliary socket 
provides for receiver muting, remote operation of antenna relay and 
remote control of the transmitter such as with the Heathkit VX-1 
Voice Control. Features up to 120 watts input on phone and 140 watts 
on CW in the 6 meter band. Ratings slightly reduced in the 2 meter 
band. Ideal for ham operators wishing to extend transmission into the 
VHF region. Shpg. Wt. 56 lbs. 

HEATHKIT ...$3595 

HEATH COMPANY 

HEATHKIT VHF-1 $15995 
DX-20 CW TRANSMITTER KIT 

Designed exclusively for CW work, the DX-20 provides the novice as well 
as the advanced-class CW operator with a low cost transmitter featuring 
high operating efficiency. Single-knob bandswitching covers 80, 40, 20, 15 
and 10 meters using crystals or an external VFO. Pi network output circuit 
matches antenna impedances between 50 and 1,000 ohms. Employs a 
single 6DQ6A tube in the final amplifier stage for plate power input of 
50 watts. A 6CL6 serves as the crystal oscillator. The husky power supply 
uses a heavy duty 5U4GB rectifier and top-quality "potted" transformer 
for long service life. Easy-to-read panel meter indicates final grid or plate 
current selected by the panel switch. Complete RF shielding to minimize 
TV! interference. Easy-to-build with complete instructions provided. 
Shpg. Wt. 19 lbs. 

Benton Harbor, Michigan rip) a subsidiary of Daystrom, tnc. 
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Mobile Cear...tor the gam on The Co! 
"CHEYENNE" MOBILE HAM TRANSMITTER KIT 
All the fun and excitement ... plus the convenience of mobile 
operation are yours in the all-new Heatnit "Cheyenne" trans-
mitter. The neat, compact, and efficient circuitry provides you 
with high power capability in mobile operation, with low bat-
tery drain using carrier controlled modulation. All necessary 
power is supplied by the model NIP-1 described below. Covers 
80, 40, 20, 15 and 10 meters with up to 90 watts input on 
phone. Features built-in VFO, modulator, 4 RF stages, with 
a 6146 final amplifier and pi network (coaxial) output coup-
ling. High quality components are used for long service life 
and reliable operation, along with rugged chassis construction 
to withstand mobile vibrations and shock. Thoughtful circuit 
layout provides for ease of assembly with complete instructions 
and detailed pictorial diagrams to insure success. A spotting 
switch is also provided. A specially designed ceramic micro-
phone is included to insure effective modulation with plenty of 
"punch". Plan now to enjoy the fun of mobile operation by 
building this superb transmitter. Shpg. Wt. 19 lbs. 

"COMANCHE" MOBILE HAM RECEIVER KIT 
Everything you could ask for in modern design mobile gear is 
provided in the "Comanche" . . . handsome styling, rugged 
construction, top quality components . . and, best of all, a 
price you can afford. The "Comanche" is an 8-tube super-
heterodyne ham band receiver operating AM, CW and SSB 
on the 80, 40, 20, 15 and 10 meter amateur bands. A 3 mc 
crystal lattice-type IF filter permits the receiver to use single 
conversion without image interference, and at the same time 
creates a steep sided 3 ke flat top IF bandpass characteristic 
comparable to mechanical type filters. The neat, compact and 
easy- to-assemble circuitry features outstanding sensitivity, 
stability and selectivity on all bands. Circuit includes an RF 
stage, converter, 2 IF stages, 2 detectors, noise limiter, 2 audio 
stages and a voltage regulator. Sensitivity is better than 1 micro-
volt on all bands and signal-to-noise ratio is better than 10 db 
down at 1 microvolt input. One of the finest investments you 
can make in mobile gear. Shpg. Wt. 19 lbs. 

MOBILE SPEAKER KIT 
A matching companion speaker for the "Comanche" mobile 
receiver. Housed in a rugged steel case with brackets provided 
for easy installation on fire wall or under dashboard, etc. Uses 
5 PM speaker with 8 ohm voice coil. Measures 5' H. x 5" W. x 
21/2 ' D. Shpg. Wt. 4 lbs. 

HEATHKIT MP-1 

$4495 

MOBILE POWER SUPPLY KIT 

This heavy duty transistor power supply furnishes all the 
power required to operate both the MT-1 Transmitter 
and MR-1 Receiver. It features two 2N442 transistors in 
a 400 cycle switching circuit, supplying a full 120 watts 
of DC power. Under intermittent operation it will de-
liver up to 150 watts. Kit contains everything required 
for complete installation, including 12' of heavy battery 
cable, tap-in studs for battery posts, power plug anc1.15' 
of connecting cable. Chassis size is 9.1,f6" L. x 4Y4" W. \ 
2 H. Operates from 12-14 volt battery source. Circuit 
convenience provided by self-contained relay which 
allows push-to-illk mobile operation. Shpg. Wt. 8 lbs. 

HEATHKIT MT-1 

$9995 

HEATHKIT MR-1 

$119 95 
HEATHKIT AK-7 

$ 595 

HEATHKIT AK-6 

$495 
MOBILE BASE MOUNT KIT 
The AK-6 Base Mount is designed to hold both trans-
mitter and receiver conveniently at driver's side. Uni-
versal mounting bracket has adjustable legs to fit most 
automobiles. Shpg. Wt. 5 lbs. 

POWER METER KIT 
This handy unit picks up energy 
from your mobile antenna and in-
dicates when your transmitter is 
tuned for maximum output. A 
variable sensitivity control is pro-
vided. Features a strong magnet 
on a swivel-mount for holding it 
on a car dashboard or other suit-
able spot. Has its own antenna or 
may be connected to existing an-
tenna. Sensitive 200 ua meter. 
Shpg. Wt. 2 lbs. 

HEATHKIT 
PM-2 

$12 95 
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COMPANION UNITS 

HEATHKIT TX-1 $23495 

"APACHE" HAM TRANSMITTER KIT 

The many features and modern styling of thc"Apachc" will provide you with just about everything you could 
ask for in transmitting facilities. Emphasizing high quality the "Apache" operates with a 150 watt phone input 
and 180 watt CW input. In addition to CW and phone operation, built-in switch selected circuitry provides 
for single-sideband transmission using the SB-10 External adapter. The newly designed, compact and stable 
VFO provides low drift frequency control necessary for SSB transmission. A slide rule type illuminated rotat-
ing VFO dial with full gear drive vernier tuning provides ample bandspreacl and precise frequency settings. 
The bandswitch allows quick selection of the amateur bands on 80, 40, 20, 15 and 10 meters. This unit also 
has adjustable low-level speech clipping and a low distortion modulator stage employing two of the new 
6CA7/EL34 tubes in push-pull class AB operation. Time sequence keying is provided for "chirpless" break-in 
CW operation. The linal amplifier is completely shielded for TVI protection and neutralized for greater 
stability. A cooling fan is also provided. The formed one-piece cabinet with convenient access hatch provides 
accessibility to tubes and crystal sockets. Die-cast aluminum knobs and control panel escutcheons add to the 
attractive styling of the transmitter. Pi network output coupling matches antenna impedances between 50 and 
72 ohms. A "spotting" push button enables the operator to "zero beat" an incoming frequency without putting 
the transmitter on the air. Equip your ham shack now for top transmitting enjoyment with this outstanding 
unit. Shpg. Wt. 110 lbs. Shipped motor freight unless otherwise specified. 

HEATHKIT SB-10 

4  ît e  $ 8 995 

- lave. e _ , 

r ille-

SINGLE SIDEBAND ADAPTER KIT 
Designed as a compatible plug-in inlapter unit ft ir the TX- 1 "Apache" transmitter, this unit lets 

you operate on SSB at a minimum of cost, yet does not tiffect the normal AM and CW functions 
of the transmitter. By making a few simple circuit modifications, the DX- 100 and DX- 100-B 
transmitters can be used, utilizing all existing RF circuitry. Extremely easy in operate and tune, 
the adapter employs the phasing method for generating a single-sideband signal. thus allowing 
operation entirely on fundamental frequencies. The critical audio phase shif, net,. ork is.supplied 
completely preasseinbled and wired in a sealed plug-in unit. Produces either a USB, I.SB or DSB 
signal, with or without carrier insertion. Covers 80, 40, 20. 15 and 10 meter bands. An easy- it-t-
read panel meter indicates power output to aid in tuning. A built-in electronic voice control with 
anti-trip circuit is also provided. 10 watts PEP output. Unwanted sideband suppression is in 
excess of 30 db and carrier suppression is in excess of 40 db. An El..84/61)05 tube is used for 
linear RF output. Shpg. Wt. 12 Ills. 

MODIFICATION KIT: Modifies DX- 100 and DX- 100-B for use with the SB-I0 Adapter. 
Model MK- 1. Shpg. Wt. I lb. $ 8.95. 

HEATHKIT AR-3 

$29 95 

ALL-BAND RECEIVER KIT 
A fine receiver for the beginning ham or short wave listener, 
designed for high circuit efficiency and easy construction. 
Covers 550 kc to 30 mc in four bands clearly marked on a slide-
rule dial. Transformer operated power supply. Features in-
clude: bandswitch, bandspread tuning, phone-standby-CW 

switch, phone jack, antenna trimmer, noise eliminator, RF 
gain control and AF control. Shpg. Wt. 12 lbs. 
CABINET: Opt. extra. No. 91-15A. Shpg. Wt. 5 lbs. 84.95. 

HEATHKIT 0E-1 

$995 

"Q" MULTIPLIER KIT 
Useful on cro,ded phone and CW bands, this kit adds selec-
tivity and signal rejection to your receiver. Use it with any AsI 
receiver having an IF frequency between 451) and 460 kc that is 
not AC-DC type. Provides an effective "Q" of approximately 

4,000 for extremely sharp "peak" or " null". The QF-I is 
powered from the receiver with which it is used. Shpg. Wt. 3 lbs. 
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OF DISTINCTIVE QUALITY 
ACCESSORY 
SPEAKER KIT 

I lartilsionc6 and color 
styled to match di, " Mohawk" 
receiver this his y duty 8" 
speaker with 4.7 ounce magnet 

provides excellent tone quality. 

Housed in attractive 3/8" ply-
wood cabinet with perforated 
metal grille. Speaker impe-

dance is 8 ohms. Slipg.Wt. 7 lbs. HEATHKIT AK-5 

$995 

"MOHAWK" HAM RECEIVER KIT 

Styled to match the "Apache" transmitter the "Mohawk" ham band receiver provides all the functions re-
quired for clear, rock-steady reception. Designed especially for ham band operation this 15-tube receiver 
features double conversion with IF's at 1682 kc and 50 kc and covers all the amateur frequencies front 160 
through 10 meters on 7 bands with an extra band calibrated to cover 6 and 2 meters using a converter. Spe-
cially designed for single sideband reception with crystal controlled oscillators for upper and lower sideband 
selection. A completely preassembled wired and aligned front end coil bandswitch assembly assures ease of 
construction and top performance of the finished unit. Other features include 5 selectivity positions from 5 kc 
to 500 CPS. bridge 'f-notch filter for excellent heterodyne rejection, and a built-in 100 kc crystal calibrator. 
The set provides a 10 db signal-to-noise ratio at less than 1 microvolt input. Each ham band is separately 
calibrated on a rotating slide rule dial to provide clear frequency settings with more titan ample bandspread. 
Front panel features S-meter, separate RE. IF and Al' gain controls, T-notch tuning, I'-notch depth, AN1„ 
AVC, BFO, Bandswitch tuning, antenna trimmer, calibrate set, calibrate on. CW-SSB-AM, receive-standby, 
upper-lower sideband, selectivity, phone jack and illuminated gear driven vernier slide rule tuning dial. 
Attractively styled with die-cast aluminum control knobs and escutcheons. No external alignment equipment 
is required for precise calibration of the "Mohawk". All adjustments are easily accomplished using the unique 
method described in the manual. An outstanding buy in a communications receiver. Shpg. Wt. 66 lbs. Shipped 
motor freight unless otherwise specified. 

HEATHKIT AM-2 

$15 95 

REFLECTED POWER METER KIT' 
'III, \\ I-2 rip tot ss aid and po,cr or standing 
svase ' au... II oidles a peak powur of us  - Il  I kilowatt of 
trier gs .11Iii I o‘ia, Ili° through 6 Itielc 1,. I tipqt and output 
i1111ii-,l,i tri,' o‘ ida.1 lor 511 or 75 olio, \ ia tail power 
required for opia.oloii. I w it also i. 111,111 II itlipc‘latifeS 

hrtwern rxciiias in RF sources and grimniled 50d .uiu,j,Iilicrs. 
INt. 3 lbs. 

1-IEATHKIT HX-1 $21495 

BALUN COIL KIT 
M.1.1111 111111/.1hIll'I'd I 1, 1,1.11 

lines, f 1 ou most modern 
transmitters, c‘, hid:weed lines 
of either 75 or 300 ohms im-

pedance with this liand y 
transmitter accessory. 

able of handling power input 
up to 200 watts, the 11-1 may 
be used with transmitters and 

receivi•rs rovt•ring 80 through 

111 nu-ors. No .tiljustinent re-

quired. Shpg. \Vt. •1, lbs. 

liEATHKIT 

$895 

HEATHKIT VX-t 

$ 2 395 
ELECTRONIC VOICE CONTROL KIT 

11111111,r' h_urn Srs ir truly , 1111 gills gellsc111 , 111 kil. SIS lin I, flout 
rcia•is ci inn tranutititta liy tierely talking tlitu Suitt mi. 
Situ',, us ily ',Mt, rl', allow adjustment to all imditious. 

supply is built in :mil ter :al strip on the in'- ir rit thi• chassis 
ac morlates receiver and speaker connertions nul ui',,, a 
117 volt antenna relay. Siting. 1Vt. S lbs. 

HEATHKIT VF-1 

19 50 

VFO KIT 
Far below the cost of crystals to 
obtain the same frequency cov-

erage this variable frequency 
oscillator covers 160, 80, 40, 20, 
IS and 10 meters with three 

basic oscillator frequencies. Pro-
viding better than 10 stilt aver-

age RE output on fund. m-
uds, the VE-I is capable of 
driving the most ...... lern trans-
mitters. Requires only 250 volts 

DC at 15 to 20 ma, and 6.3 VAC 
at 0..15 a. Illuminated raid reads 

direct. Shpg. Wt. 7 lbs. 
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Save I /2 or more...wifh Weallikift 

HEATHKIT DX-100-B 

DX-100-B PHONE AND 

CW TRANSMITTER KIT 

$1890 

A long si.inding favorite in the 1 leathkit line, the DX- 100-B 
combines modern styling and circuit ingenuity to bring you an 
exceptionally fine transmitter at an economical price. Panel 
controls allow VFO or crystal control, phone or CW operation 
on all amateur bands up to 30 me. The rugged one-piece 
formed cabinet features a convenient top-access hatch for 
changing crystals ar.d making other adjustments. The chassis 
is punched to accept sideband adapter modifications. Featured 
are a built-in VFO, modulator, and power supply, complete 
shielding to minimize TVI, and a pi network output coupling 
to match impedances from 50 to 72 ohms. RE output is in excess 

of 100 watts on phone and 120 watts on CW. Band coverage is 
from 160 through 10 meters. For operating convenience single. 
knob bandswitching and illuminated VEO dial on meter face 
are provided. A pair of 6146 tubes in parallel are employed in 
the output stage modulated by a pair of I625's. Shpg. Wt. 107 
lbs. Shipped motor freight unless otherwise specified. 

HEATHKIT DX-40 

DX-40 PHONE AND 

CW TRANSMITTER KIT 

$8495 

An outstanding buy in its power class the DX-40 provides both 
phone and CW operation on 80, 40, 20, 15 and 10 meters. A 
single 6146 tube is used in the final amplifier stage to provide 
full 75 watt plate power input on CW or controlled carrier 
modulation peaks up to 60 watts for phone operation. Modu-
lator and power supp:ies are built in and single-knob band-
switcbing is combined with the pi network output circuit for 
complete operating convenience. Features a D'Arsonval move-
ment panel meter. A Ene filter and liberal shielding provides 
for high stability and minimum TVI. Provision is made for 
three crystals easily accessible through a " trap door" in the 
back of the cabinet. A 4-position switch selects any of the three 
crystals or jack for external VFO. Power for the VFO is avail-
able on the rear apron of the chassis. Easy-to-follow step-by-step 
instructions let assembly proceed smoothly from start to finish 
even for an individual who has never built electronic equip-
ment before. Shpg. Wt. 25 lbs. 

Free Send now for latest Heathkit Catalog 
describing in detail over 100 easy-to-assemble 

kits for the Hi-Fi fan, radio ham, 

boat owner and technician. 

'HEATH 

pioneer in 

do-it-yourself 

electronics 

All prices and specifica-
tions subject to change 
without notice. Please in-
clude postage on orders to 
be shipped parcel post. 
zrx, deposit is required on 
all C.O.D. orders.All 
prices are NET F.O.B. 
Benton Harbor, Mich., and 
apply to Continental U.S. 
and Possessions Only. 

HEATIIIKIT 

COMPANY BENTON HARBOR 9, MICH. 

subsidiary of Daystrom, Inc. 

Send latest Free Heathk:t Catalog, 

NAME 

ADDRESS 

CITY 
ZONE STATE 

QUANTITY 
KIT NAME P MODEL NO. PRICE 
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Dan Trueblood, WlESB, of Goldsboro, N.C. is shown in-
stalling a customer's new General Electric Transistorized 
Progress Line mobile unit. A ham since 1433, Dan has been 
an authorized General Electric Service technician for two-
way radio for five years. Ile currently operates single side 
band with a full kilowatt. when he's not busy selling, in-
stalling and maintaining G-E two-way radio. 

Turn your skills 
into profit 
installing 
and 
maintaining 
G-E Two-Way 
Mobile Radio 

Thousands of new mobile radio systems are being installed every year— 
for delivery services, salesmen, taxis, gas and electric utilities, industrial 
and construction vehicles, and many other uses. All these systems require 
service— service your unique background and knowledge can be easily 
adapted to provide. 

Servicing two-way radio can be a full-time vocation, or a profitable 
sideline. Many highly successful General Electric mobile radio service 
stations were founded by licensed radio amateurs, and many now utilize 
the skills of hams such as yourself on a part-time basis as well as full-time. 
Working in an authorized G-E Service Station is also an ideal way in 
which to prepare for the second or first class Commercial Radio Operator's 
license, required for commercial mobile radio servicing. 

G-E two-way radio equipment is designed and built with the serviceman 
in mind. General Electric's famous Progress Line, for example, features 
interchangeable rack-mounted transmitter, receiver and power supply for 
fast servicing. G.E.'s new line of transistorized portable and mobile equip-
ment offers even greater service advantages. 

Find out how you can become an authorized G-E serviceman. 
Write National Service Manager, General Electric Company, Com-
munication Products Dept., Section 30, Mountain View Road, 
Lynchburg, Virginia. 

AvgreSS Is Our Most Impar/ant Proect 

GENERAL ELECTRIC 
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MS/AN CONNECTORS 
Relied upon since 1939. Latest de-
sign advancement is new "Stub E" 
construction—shortest lightest "E." 

MINNII4.7 CONNECTORS 

Complete new family of miniature 
"E's"—altitude- moisture resistant. 

Sizes 12 to 22-3 to 48 contacts. ell5Se Wire 

RF CONNECTORS 
All RF series available, including re-
markable Subminax. New Quick-Crimp 
BNC's cut assembly time in half. 

PRIN-CIR CONNECTORS 
Receptacles, plugs and adapters with 
super-reliable gold-plated contacts. 
From 6 to 22 contacts. 

Seven families 
available for every 
R & P application 
Patented crimp 
Poke-Home contacts 
in 93 te 94 series. 

• 

COAXIAL CABLE 
Most complete line anywhere of 

RG-/U polyethylene and Teflon co-
axial cables. Miniatures also. 

ALL STANDARD AMPHENOL 

COMPONENTS STOCKED IN 

DEPTH BY YOUR AUTHORIZED 

AMPHENOL DISTRIBUTOR... 
la ASK FOR YOUR COPY OF CATALOG ; EC! 

•«111111» DISTRIBUTOR DIVISION 
BROADVIEW, ILLINOIS 

Amphenol-Borg Electronics Corporation 



Collins mobile transceiver 

Another Collins creative design - the advanced 
amateur's 80-10 meter transceiver - system 

engineered for mobile and home operation. 
Superior single sideband performance in a variety of 
installations is assured by the Collins KWM-2 Mobile 
Transceiver. Engineered for the amateur who desires 
an 80 through 10 meter mobile transceiver, the 
KWM-2 design incorporates time-proven and advanced 
communication concepts. 

The Mobile Transceiver provides outstanding fre-
quency stability on fourteen 200 kc bands from 3.4 
mc to 30.0 mc. With 175 watts PEP input on SSB, 
or 160 watts on CW, the KWM-2 provides ample 
power for dependable amateur communication. Filter 
type SSB generation, Collins permeability-tuned vari-
able oscillator, crystal-controlled HF double conver-
sion oscillator, VOX and anti-trip circuits, and ex-
clusive ALC and RF inverse feedback are among the 
features of the KWM-2. The Collins Mechanical 

Filter. RF amplifier. all tuned circuits, and several 
tubes perform the dual role of transmitting and re-
ceiving. CW break-in and monitoring sidetone circuits 
are built-in, and all four plugs in the mobile mount 
connect the KWM-2 automatically. A connector on 
the rear provides for antenna selection or loading 
coil selection for mobile operation. 

The Collins KWM-2 Mobile Transceiver weighs 18 
lbs. 3 oz. and measures 73/4 " H ( including legs), 
143/4 " W, and 13 1/4 " D. Mounts, accessories, and 
power supplies are available for 12 y dc, and 115 
ac operation. 

See the KWM-2 now on display at your Collins Dis-
tributor. Ask for the colorful KWM-2 brochure with 
complete specifications. 



Collins 
superiority in 

1 single sideband systems 

The S/Line is a complete station for the advanced 
amateur. The 32S- I Transmitter and 75S- I Receiver 
may be operated separately or as a transceiver in 
which the receiver controls the transmitter frequency. 
The 312B-4 Speaker Console integrates the two units 
further with over-all station control, and control of a 
directional wattmeter for maximum output efficiency. 
For the amateur desiring the strongest signal, the 
30S- I Linear Amplifier provides maximum legal out-
put with greatly simplified operation. 

32S-1 Transmitter 
The 32S-1 is an SSB or CW transmitter with a nomi-
nal output of 100 watts on all amateur bands be-
tween 3.5 and 29.7 mc. Input power is 175 watts 
PEP on SSB or 160 watts on CW. 

The transmitter covers 3.5 to 30 mc except for the 
5.0-6.5 mc range. Crystal sockets, crystals and band-
switch position are provided for ten 200 kc bands, 
with the standard amateur configuration equipped as 
follows: 3.4-3.6, 3.6-3.8, 3.8-4.0; 7.0-7.2,7.2-7.4; 14.0-
14.2, 14.2-14.4; 21.0-21.2, 21.2-21.4, 21.4-21.6. Crystal 
sockets and bandswitch positions also are provided 
for three 200 kc bands between 28 and 29.7 mc. 
One of these sockets is equipped with a crystal for 
28.5 to 28.7 mc. A fourteenth position, correspond-
ing to the WWV position on the receiver, can be used 
for an additional 200 kc band in the 9.5-15.0 mc 
range, if desired. 

Features which have made Collins amateur SSB 
equipment famous are incorporated into the 32S-1, 

75S-1 Receiver 

including Mechanical Filter-type sideband genera-
tion; stable, permeability-tuned VFO; crystal-con-
trolled HF oscillator; RF inverse feedback for better 
linearity; automatic load control for higher average 
talk power and protection against flattopping. 

For ac operation, the 516F-2 Power Supply is used 
with the 32S- I; for 12 y dc operation, the 516E-1 
used with the KWM-1 and KWM-2 may be used with 
minor modification. 

Specifications 
I SSB — upper or lower sideband. CW— 

keyed tone. 
POWER INPUT: 175 watts PEP on SSB. 160 watts on 

CW. 
POWER OUTPUT: 100 watts PEP nominal ( slightly 

lower on I() meters) into 50 ohms. 
OUTPUT IMPEDENCE: 50 ohms nominal with not more 

than approximately 2 to 1 SWR. Impedance 
match variable 25-100 ohms. 

FREQUENCY STABILITY: After warm-up, over-all sta-
bility due to temperature, humidity, pressure and 
voltage variation is 100 cps. Calibration accu-
racy: 1 kc. 

VISUAL DIAL ACCURACY: 200 cps on all bands. 
ELECTRICAL DIAL ACCURACY: After calibration: 300 cps 

on all bands. 
HARMONIC AND OTHER SPURIOUS RADIATION: Carrier 

suppression —40 db. Unwanted sideband —50 
db. Oscillator feed-through and/or mixer 
products —50 db. Second harmonic —50 db. 
3rd order distortion —30 db. 

312B-4 Speaker Console 



312B-4 Speaker Console 
The 312B-4 ( pictured between 75S- I and 32S-1 
below) houses a speaker, and RF directional watt-
meter with 200 and 2000 watt scales, and switches 
for various station control functions. 

75S-1 Receiver 
The 75S- I provides SSB, CW and AM reception on 
all amateur bands between 3.5 and 29.7 mc. It is 
capable of coverage of the entire HF spectrum be-
tween 3.5 and 30 mc by selection of the appropriate 
HF heterodyning crystals. 

The standard amateur configuration includes crystal 
sockets, crystals and bandswitch positions for: 3.4-
3.6, 3.6-3.8, 3.8-4.0; 7.0-7.2, 7.2-7.4; 14.0-14.2, 14.2-
14.4; 21.0-21.2, 21.2-21.4, 21.4-21.6. Crystal sockets 
and bandswitch positions are also provided for three 
200 kc bands between 28 and 29.7 mc, with one of the 
sockets equipped with a crystal for 28.5 to 28.7 mc. 
A crystal and bandswitch position is also provided 
for 14.8-15.0 mc for reception of WWV and WWVH 
for time and frequency calibration data. 

The same standard of excellence and many of the 
design features of the 75A-4 are incorporated in the 
75S-1. These include dual conversion with a crystal-
controlled first heterodyning oscillator; bandpass first 
IF; stable, permeability-tuned VFO; RF amplifier 
designed to minimize cross modulation products; 
Mechanical Filter; excellent AVC characteristics; and 
both product and diode detector. 

New features include the use of only 150 volts on 
vacuum tube plates, use of silicon diodes in lieu of 
conventional high vacuum rectifier; and choice of 
three degrees of selectivity ( with optional CW filter). 

A power connector at the rear of the 75S-1 chassis 
provides for disabling the internal ac power supply 
so that the 12 y dc power supply for the KWM-2 
may power the receiver as well as the transmitter. 

Specifications 
VISUAL DIAL ACCURACY: 200 cps on all bands. 
ELECTRICAL DIAL ACCURACY: (after calibration) 300 

cps on all bands. 

32S-1 Transmitter 

SENSITIVITY: The CW sensitivity is better than 1 micro-
volt ( with a 50-ohm dummy antenna) for a 15 
db signal-plus-noise-to-noise ratio. 

SELECTIVITY: 2.1 kc Mechanical Filter for SSB; 0.5 
kc Mechanical Filter ( not supplied) for CW; 
4.0 kc IF transformer passband for AM. 

SPURIOUS RESPONSE: Image rejection is more than 50 
db. Internal spurious signals below I microvolt 
equivalent antenna input. 

30S-1 Linear Amplifier 
The 30S-1 is a completely self-contained, single tube, 
grounded grid linear amplifier. Requiring 70 to 100 
watts driving power ( from the 32S-1 or KWM-2, 
for example), it provides the full legal power input 
for SSB ( 1 kw average) or 1 kw input for CW. The 
tube used is the Eimac 4CX1000A. The 30S-1 may be 
used on any frequency between 3.4 and 30 mc. 

The 30S- I may be loaded into an antenna without 
exceeding the legal dc input of I kw during tune-
up. Front panel switching makes two different power 
levels immediately available for SSB operation: 100 
watts from the exciter alone or the full 1 kw meter 
average input for SSB. The air blower for the 
4CX1000A operates quietly — barely audible in a 
quiet room. The power supply for the 30S-1, which 
is housed in the lower portion of the cabinet, pro-
vides cathode bias voltage, screen voltage and 3000 
volts for the 4CX1000A plate. Space is provided in 
this compartment for the 5I6F-2 Power Supply. 

Extended Frequency Versions 
of the S/Line 
The 32S- I and 75S-1 are available in extended fre-
quency versions, designated the 75S-2 and 32S-2. 
The two differ from the original only in that an addi-
tional crystal board has been added beneath the 
chassis. In this board is placed the standard comple-
ment of ham band crystals normally received with 
the equipment. The upper board is left empty so 
that the amateur may place whatever additional 
crystals he may desire up to a total of 14. A front 
panel switch is added to allow switching between the 
two crystal boards. 

30S-1 Linear Amplifier 



Collins accessories 

and smiw.p 
302C-3 Directional Wattmeter- Measures for-
ward and reflected power on 200 and 2000 watt scales. 
Coupler unit mounts separate from indicator-con-
trol box. Power loss and mismatch introduced by the 
instrument are negligible. 

B312-1 Directional Coupler — The coupler unit 
from the 302C-3 for amateurs who desire to utilize 
an optional meter and switch for a customized fixed 
installation or for a mobile installation. 

351E Table Mounts — For mounting the S/Line 
and KWN1-2 on planes, boats. etc. May be fastened 
to any flat surface. Front clamps attach to the feet 
of the units for secure hold-down. 351E-1 for 32S-1. 
75S- I; 351E-2 for 3I2B-4, 5I6F-2; 351E-3 for 3I2B-3, 
351E-4 for KWM-2. 

351D-2 Mobile Mount — Provides secure mount-
ing for KWM-2 in most automobiles. Cantilever 
arms fold out of the way when KWM-2 is removed. 

Mating plugs connect power, receive-transmit an-
tenna, noise blanker, antenna and antenna control as 
KWM-2 slides into place. Cables included. 

312B-5 Speaker Console and External PTO-
Used with KWM-2 in fixed station operation to pro-

vide separate receiving and transmitting control, and 
directional wattmeter. 

399C-1 Speaker and External PTO-Contains 
speaker and external l' I () for separate receiver and 
transmitter control of KWN1-2. 

136 Series Noise Blankers — Provide effective 
reduction of impulse-type noise, particularly ignition 
noise. 136A-1 for 75S- I; 13613-1 for KWM-I; 136B-2 
for KWN1-2; 136C- I for 75A-4. 

312B-3 Speaker — Contains a 5" x 7" speaker and 
connecting cable. Attractively styled to match re-
ceiver and transmitter. 

516F-2 AC Power Supply— Operates from 115 y 
ac. 50-60 cps. Provides all voltages for the 32S- I. 

516E-1 Power Supply — Operates from 12 y 
dc. Provides all required voltages for the KWM-2 or 
32S- I and 75S-1 for mobile or portable operation. 
Transistorized for maximum efficiency and minimum 
maintenance. The 516E-2. a 28 y dc supply may also 
be used. 

For addresses of Collins dealers or further informa-
tion and complete specifications on the entire Collins 
S/I.ine and accessories, write to: Amateur Sales, 
Collins Radio Company, Cedar Rapids, Iowa. 

--ICOLLINS 
COLLINS RADIO COMPANY CEDAR RAPIDS. IOWA 
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RHEOSTATS 

RESISTORS 

111 

RELAYS 

TAP SWITCHES 

1 

TANTALUM 

CAPACITORS 

VARIABLE 

TRANSFORMERS 

GERMANIUM 

DIODES 

when you specify Ohmite components... 

you build reliability into your product 

HMITE® 
INDUSTRY- PREFERRED COMPONENTS 

RHEOSTATS—Insure permanently 
smooth, close con"rol. All- ceramic, 
vitreous-enameled: 12 1/2, 25, 50, 
75, 100, 150, 225, 300, 500, 750, 
and 1000-watt sizes. 

OHMITE RELAYS—Four stock mod-
els—DOS, DO, DOSY, and CRU, 
in 65 different tyoes. At 115 VAC 
or 32 VDC, nolinductive load, 
Models DOS and DOSY have a 
contact rating at 15 amp; Model 
DO, 10 amp; Model CRU, 5 amp. 
A wide range of coil operating 
voltages is ovailoble. 

TANTALUM CAPACITORS— Units 
ale ovailoble in three types: sub-
miniature, insulated, wire-type, in 
eleven sizes. Three sizes of foil-
type. New slug-type tantalum ca-
pacitors. All featvre high perform-
ance in minimum space and a 
wide range of capacitance and 
voltage ratings. 

Write for Stock Catalog 

POWER RESISTORS—Wire-wound, 
vitreous-enameled resistors. Stock 
sizes: 25, 50, 100, 160, 200 watts; 
values I to 250,000 ohms. " Brown 
Devil" fixed resistors in 5, 10, 
and 20- watt sizes; values from 0.5 
to 100,000 ohms. Adjustable pow-
er resisto•s; quickly adjustable to 
the value needed. Adjustable lugs 
can be attached for multitop re-
sistors and voltage dividers. Sizes 
10 to 200 watts, to 100,000 ohms. 

R. F. CHOKES— Single -loyer-
wound on low power factor cores 
with moistureproof coating. Seven 
stock sizes, 3 to 520 mc. Two units 
rated 600 mo; others, 1000 ma. 

RE RIGHT WITH 

OMIT' 

TAP SWITCHES—Compact, high-
current rotary selectors for o-c 
use. All- ceramic. Self - cleaning, 
silver- to- silver contacts. Rated at 
10, IS, 25, 50, and 100 amperes. 

PRECISION RESISTORS— Four 
types available: molded silicone-
ceramic, vacuum- impregnated, en-
capsulated, or metal film. Toler-
ances to ± 0.1% in 1/8, 1/4, 1/2, 
3/4, 1, and 2-watt sizes, from 0.1 
to 2,000,000 ohms. 

VARIABLE TRANSFORMERS—Mod-
el VT2, 11/2 amp rating, output 
voltage, 0- 120V--0-132V; Model 
VT4, 31/2 amp rating, output volt-
age 0- 120V-0-140V; Model VT8, 
71/2  amp rating, output voltage 
0-120V-0-140V. Input voltage all 
models, 120V, 60 cycles. Thirty-five 

stock models, cased and uncased. 

OHMITE MANUFACTURING COMPANY 39 
3608 Howard Street, Skokie, Illinois 



If it weren't for Amateur Radio 25 years 

ago, there'd be no Eimac tubes today... 

Twenty-five years ago W6UF and W6CHE were unhappy with the way final amplifier tubes were perform-

ing. They decided to do something about it. They founded a company, called their products Eimac tubes 

and ran their first ad in QST, November, 1934. 

What has happened since is reviewed in part on these pages. At Eimac W6UF and W6CHE, and 120 other 

amateur radio operators are on-the-air getting just as much of a thrill out of their hobby today as they did 

then and enjoying it much more. 

40 

150T "The only tube the low power man can 
buy, yet still use effectively at higher power" was 
the case for the first Eimac tube, the 150T triode, 
in 1934. It was designed primarily for the amateur 
and established Eimac tube characteristics for the 
future — clean, hard vacuums, simplified design, 
lower driving power, high mutual conductance 
and superior overload capability. 

450T Only two years later in 1936, the state-
ment could proudly be made that "practically 
every major airline uses Eimac tubes." The 450T 
triode had captured the imagination and fulfilled 
the critical desires of aviation and was first choice 
in ground-to-air communications. It featured a 
new type thoriated tungsten filament by Eimac 
ending premature emission failures and guaran-
teed never to fail because of gas released inter-
nally. Later, in 1938, Eimac tubes went into TV 
service at Station KTSL. 

3X2500A3 FM and Eimac tubes were to-
gether from the start. By the time Major Arm-
strong had convinced the world that FM was a 
great advancement in broadcasting, Eimac tubes 
were in nearly every experimental FM broadcast 
station in the nation. The first tubes used were the 
internal anode triodes. In 1945 the external anode 
triode 3X2500A3 was introduced and subsequently 
used in the world's most powerful FM transmitter 
— 50,000 watts. 

304T In 1940 the Eimac multi-unit triodes 
made their debut to provide a high power, low 
voltage tube with uncommonly low internal resist-
ance which would operate efficiently up to 200me. 
In actual service the tubes operated with as much 
as 20,000 volts on the plate — 10 times the rated 
voltage. The 304T, four triodes in one, was then 
and is now acclaimed as a top linear amplifier 
tube. 

VT 127 The Navy held its first sea radar tests 
in 1939. Generating the power were Eimac 100T 
triodes. Two years later when World War II started, 
this equipment was the prototype of the first radar 
to see action in the Pacific. Airborne radar with its 
demands for smaller antenna meant higher fre-
quency operation. The Eimac 15E met all require-
ments and made possible 26,000 radar sets used 
universally by the Navy. Said the Navy, "No other 
single type of airborne electronic equipment con-
tributed as much." Many of the renowned VT 
series radar tubes were another Eimac contribu-
tion. 

32250043 

4BOT 

e4le 

304' 11!! II 



4-125A FAMILY (5 TUBES) In 1945 Eimac led in 
power tetrode development with the introduction of the 
4-125A as the first of its radial-beam family. These tubes 
set the standard for the tetrode art and are known for their 
low driving power requirements, low grid emission, low grid. 
plate capacitances, minimized neutralization requirements 
and dependable VHF performance. 

4X1210A Radial-beam power tetrode advantages in the 
rugged, compact external anode package was introduced by 
Eimac in 1946 with the 4X500A followed closely by the in-
comparable 4X150A. This unique approach enabled smaller, 
high power, high frequency equipment and coaxial cavity 
circuits. The Eimac 4X150A has since become the most 
copied of transmitting tubes and father of the modern 
4CX250B and 4CX300A. 

AMPLIFIER KLYSTRON Despite its reputation in 
leading tetrode development and manufacture, Eimac saw 
the shortcomings of grid tubes for UHF. in 1948, and started 
a development program in amplifier klystrons. The result — 
Eimac external-cavity ceramic klystrons — the most exten-
sively used tubes in tropospheric communications. From the 
initial Pole Vault system to White Alice and NATO, these 
klystrons are unrivaled. 

40X300A, 4CX25013, 4CX1000A, 4CX5000A 
Ceramic is replacing glass in the Eimac tube line-up. Over 
40 tube types now have the advantages of the ceramic enve-

lope. Its ability to withstand thermal and physical shock has 
application benefits. Other extras are also built in, such as 
smaller size without power sacrifice, high temperature and 
precise tolerance processing. 

X626 Super power, 1.25 megawatts of long-pulse power, 
at UHF is now available with the Eimac X626. In Ballistic 
Missile detection and tracking, or interplanetary DX, ( this 
tube holds the record to Venus and back — 56,000,000 miles), 
the X626 is now an important part of our space age. 

TWT Now, microwave in the form of ceramic traveling 
wave tubes and reflex klystrons. Eimac is engaged in the 
development and manufacture of new electron devices to 
propagate the uncrowded spectrum at Super High Frequen-
cies and above. 

The dependable tubes of yesteryear have not been forgot-
ten. They are constantly improved. Most of the oldtimers 
on review here are still available and many are replace-
ments for originals that have finally given in after years 
and years of service. 

ewe EITEL-McCULLOUGH, INC. 

San Carlos, California 

TINT 

X626 
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Send for this FREE National 
Catalog for up-to-date 

information on America's 
finest receivers! 

Gives Com)Icte Specifiations, Full List at 

Accessories, Latest Price on these Famous 
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NC 
"i . . .4, HRO-60 

-400 

l e -À National's newest 

age of any receiver 
world's most famous 

• . 

available, 
receiver, 

Features widest 
frequency cover- 

50 kc to 54 mc ... the 

—L1I5 general coverage 
receiver. Covers 540 kc to 31 mc in 7 bands. 18 tubes 
(including rectifier) AM-CW-SSB. May be used in fixed 
channel or diversity operation. 

ri.911!......... NC 

\ 

. 

Ee. e2'  e çzi:e.s .(1 45 
w c, , Iv, p 0 

-303 

National's newest 
"ham band only" 

• reoeiver. 10 sepa- 

-- One of America's 
- -. ---- lowest price SSB 
é) ticie•exy receivers! Covers 

rate dial scales 
cover 160 to 11/4 meters. Dual conversion. New 5- 
position " IF SHIFT" provides optimum selectivity for 
a CW-PHONE-PHONE NET-VHF-Selectable SSB. 

540 kc to 40 mc. National's exclusive "MICROTOME" 
filter provides 5 degrees of sharp seleavity for all 
modes of operation. VOICE—CW—SSB. 

—..N 

cm • .. 

- 

&  N.. 

e).6 4i it, -.- 

, NC- 188 
Low-priced general 
coverage receiver. 
Covers 540 kc to 40 

.. 

ffigril ANCC/D6C6- Battery Portable. 
,i — ----- i Covers 150 kc to 23 mc in 5 

bands. Exclusive RDF-66 

calibrated 

&,, 
mc and is directly ,  

for the 4 general coverage ranges and five 
bandspread ranges for 80-10 meter amateur bands. 

..r 11 ,------  ' • • _.i At, Direction Finder Accessory 
 provides accurate navigation 

. , -7, for small boats. 

,__  __. ._ 

- _ 

' 
.   NC-60 

1 c_,eciai "A" 

NATIONAL RECEIVERS AND ACCESSORIES ARE 
SOLD ONLY fh FRANCH'SED DISTRIBUTORS. MOST 
OF THESE DISTRIBUTORS OFFER TRADE-IN AL-
LOWANCES AND LIBERAL BUDGET TERMS. 

- 

an-new, low-priced 
— shortwave/standard 

broadcast receiver in over 10 years ! Covers 540 kc to 31 
mc in 4 bands. 110 volt AC/DC. Built-in speaker. 

<:-.W--->. 

National RADIO CO., INC. 
MELROSE 76, MASS. 

A wholly owned sul>Adiaty of National Co., hc. 

Export: AD AURIEMA, INCAS Broad St., New York. N Y., U.S.A. 

In Canada, CANADIAN MARCONI CO., 830 Bayview Ave, Toronto, Ont. 

Specifications sablent to change without notica 
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Send for this FREE National 
Catalog to meet your 4 

Component Requirements 
In addition to the components mertioned below, National Radio Co. 
also manufactures complete lines of cipacitors, tanks, grid and plate caps, 
IF transformers, ce -amic insulators, bushings, spreaders, couplings, 

terminal assemblies, and other electronic and electro- mechanical com-

ponents, Write for componerts catalog covering your specific applications. 

4111111111111311•111ffl'ik 

GENERAL 
CATALOG 

MIL-SPEC KNOBS 
Type KMS. Complete line of standard 
plastic control knobs made in conformance 
with MS-91528. Four basic types (with or 
without skirt), three shaft sizes, gloss or 
matte finishes, or to your color specifica-
tions ... in all Mil- Spec sizes. 

UNIVERSAL CERAMIC COIL FORMS 
For military and commercial applications. 
Available in five standard sizes with or without 
terminal collars. Terminal collars accept up to 
four terminals per collar. All materials are in 
accordance with applicable MIL-SPECS. Pre-
assembled forms to your prints quoted upon 
request. 

CHOKES 
R-45 SERIES: Ferrite bead chokes for frequencies 
from 5 to 200 mc. R-40 SERIES: Ferrite-core chokes, 
extremely high Q for small size. Fungus-proof var-
nish impregnation per MIL-V137A. R-25 SERIES: 
MIL-inductance chokes for high frequency circuits. 
Inductance per MIL-C15305A, coil forms per 
MIL- P-14, impregnation per MIL-V- 173A. R-33, 
R-50, R-60 SERIES: RF coils molded on phenolic 
forms per MIL- P-14. 

HR KNOBS 
TYPE HRS: Molded Tenite knobs, grey, black or 
to specifications. TYPE HRT: Large deLuxe knobs 
designed for National's receivers, now available 
by popular request. TYPE HRB: Band switching 
knob or other applications where switch is turned 
to several index positions. TYPE HRM: Small brass 
knurled knobs. TYPE HRK: Fluted, large black 
Bakelite knobs. TYPE HRP: Chip resistant black 
Bakelite knob without poi nter. TYPE HRP-P: Same 
as HRP but with pointer. 

"FLUSH MOUNT" CAPTIVE NUTS 
National Exclusive! Flush fi: on both sides of 
aluminum sheet provides permanent tapped holes. 
Stainless steel 303 as per MIL-S-853A, passivated 
finish as per MIL-P12011. Additional types to 
meet MIL SPECS P-11268, E-5400, and E-16400. 
Captive studs also available. 

PRECISION RIGHT ANGLE VERNIER DRIVES 
TYPE PRAD: Right angle drive remote 
operation of low torque units. TYPE RAD: 
Right angle drive for ganging capacitors, 
potentiometers or other parts in inacces-
sible locations. TYPE AN: Vernier mech-
anism for use with any 3/16" National 
knobs and others. TYPE AVD: Vernier 
mechanism similar to type AN except 
that the output shaft is non- insulated. 

SOCKETS, CAPS, TERMINALS 
TYPE CIR: Tube sockets of grade L-4 ceramic 
materials (JAN-1-10 spec.) in four models. 
TYPE CS: Crystal mounting sockets for crystal 
holders (JAN-1-10 spec.). 
TYPES XM-10, XM-50: Heavy-duty, metal shell 
sockets for four-pin tubes. TYPES XLA-7: 
Low-loss socket for 6F4 and 950 series acorn 
tubes. TYPES SPP-3, SPP-9: Plate caps of 
grade L-4 steatite (JAN-1-10 spec.) with silver 
or tin plated beryllium copper grips. TYPES 
GG-8, 12, 24: Grid grips made in two types, 
three sizes, variety of materials ... clip grip, or 
loop grip ... other specifications also. 
TERMINAL/ASSEMBLIES: TYPE FWC: Insu-
lators molded of mica-filled Bakelite. TYPE 
FWE: Nickel plated brass jacks. TYPE FWA: 
Nickel plated brass binding posts. TYPE FWT: 
Plugs for stacking. TYPES FWH, FWJ: Ter-
minal assemblies. 

Specdications subject to change without notice. 

Many National Radio Ga. components are made to specifications ... 

• For your SPECIAL design or development applications problems, write or call: 

National RADIO CO!, INC. Melrose 76_, Mass. NOrmandie 5-4800 A wholly owned subsidiary of National Ca., Inc. 
Export: AD AURIEMA, INC, 85 Broad St., New York, N. Y., U.o.n. In Canada: CANADIAN MARCONI co., 830 Bayview Ave., Toronto ,Ont. 
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5100-B 
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515B 

PRESENTS 1960's 
TOP PRODUCTS IN 

QUALITY AND PERFORMANCE 
Grounded Grid Linear Amplifier 

Ne\v! .1dvanced design amplifier incorporating every ele-
ment needed for f',01-pr ,-)of, reliable operation. This 
smartly-styled 1,111 Ii1ui,u1t parkage of power takes up no 
more table sptice than a receiver. Can be driven by com-
mercial and Imme-built exeiters in the I00-watt output 
elas,-. Includes I.F. section eomplete \vith tubes, blower, 
filament and bias supply and optional input matehing unit. 
Pi-network output eircuit for precise tuning and loading 
on 80-40-20-15-10 m(ters. 
114/%VElt SUPPLY t7N IT — 1)esigned as com-
panion to the 1.1 ).1- I for side-by-side installation or remote 
lie:tt ti iii. S\vitehing panel removable for remote c out rol. 
Full wave rei.tirn.r with finir Ty], sit; 
mereury vapor tidies included. II.F. filtering. Ileavy-duty 
transformer yore staeks and superior higli-voltage insula-
tion for reliable. emit Unions operation at 1 \N.. 
NIAT('HING [ NITS .\ 101)EI, NI()DEL 

'ornpact, pretimed bandswitching assent-
1,1.,• fur in„h•iting hmal-out put type exciters to li&‘V 

insures niamintim input ulnuve titi ;i ll hand,. Nioild 
I.P.\-1\11 . is &slimed for the 1.1 ).‘-1 mid is installed so that 
input matching to the final is accomplished automativally 
when amplifier is I oandswit cheil. Niodel ', PA- N[1.-2 is 
iiiuIam hut is designed for previ:ius It& \V amplifiers 
\lode's 1.-1(X)0-.1 :Ind Assembled, ready for 
installation with lust ruetions and fittings. 

Medium Powered Transmitter 5100-B 

'onipleiel.\ self-contained including power suppl.\ and 
vn): ifii the 80-40-20-15-10 meter hands. 
Peak envelope power ISO watts r I•15 wa tt s AM, 
Excellent SSIt when used described be-
low. Stable VF'() aecurately calibrated for all amateur 
bands inpluding 10 meters. lias system provides complete 
eutolT under key-up conditions. Excellent TVI suppres-
sion. Pi-net work output. Tile 5100-B makes a superlat ivelv 
well regulated driver for a grounded grid class " 13" linear, 
with , alt pul to spare. 

Single Sideband Generator 51SB 

Excellent SSB with your present transmitter. Provides 
push-to-talk, speaker deactivating cireuit, TV1 suppres-
sion. ( loinhlete bandswitching on 80-40-20-15-10 meters. 
Utilizes frequency control method of your present rig. 12-F 
puirt ion has 90° phase shift network, double balanced mod-
ulator, and two (-lass " A" H.F. voltage amplifiers. All 
operating controls on the front panel. Input impedance 
50 ohms resistive; input voltage 1.5-2.0 It MS on all hands. 
NI( ) 1 ) V.1.5181i-B — For use with B&W 5100-B from \\licit 
it derives all operating power. 

BARKER .% WILLIAMSON, INC. 
Bristol, Pennsylvania 



Pi- Network Inductor Assemblies line, and higher power with 52 ( dun line. Mode/ 
11-signeil for Inetlium power applications. 

Ilas broadband citocuitry ‘vhich eliminates tuning 
and !Item. 

medium powered 
pi- network inductor 

filament choke 

Integral banutswitcheul l'i-net work indurtors for 
-igli il parallel tube operation st) t In•ough 10 
meters. ( live top etliviency in Clas•s " C" or linear 
operation using triodes °I: tetrOdeS e011VVIltiotlal 

and grounded grid circuits. Ample eurrent-earrying 
,•:,pacity and optimum ' Q'• over oit ire operating 
r:mge. Mode/ 850:1 Cumservatively rated at 1 
INN. um C\V-SSli mid N NI with 100(¡ modulation. 
Nlax. voltage: 4000 Vi X' on ( '\V-SS13: 2500-3000 
/al AM with 100'; modulation. .1/0./e/ 851 -- Me-
dium powered %Yid' rating of 250 watts on AM 
phone and 500 watts on CNV-SSB. Max. voltage: 
2000 VI X' um CNV-SS13: 1250 V1)C on AM phone_ 

Grid Dip Meter 
A highly :teem-ate, sensitive instrument. :Nlay he 
useul as a grid-dip oscillator. signal generator. or 

s, 14,1 Hve c'elier-oo(led plug-in coils 
1.75 In 2110 111e. t .olor-rodecl Ili 11 easily read. 

tperates from " 10 N'IC. F..asy to use in hard-to-get - 
model 600. 

T-R Switches 
luth' :iutom:tt j, Vlettrutèir from 
tr•ansmit ter to receiver and vite versa. Ideal for 
fast break-in operati,m on SSI-AM-('11.-1)Sli. 
sake design eliminates risk of transmitter damage if 
switt'll i, not ellorgiz«I. Nlatelt 52-75 olimultax lines. 
Model handle, full legal power with wide safety 
margin. Selectable bandswitehing, 80 through 10 
meters, for higl• signal-to-noise ratio : Aid minimum 
intermodulation effert front loval broadcast and 
TVI. For commercial anplica t ions. Model 381 
handles up to 5 E1\« St-43 and (' NV under SN1 It 
c () millions not exceeding 1.5 to I using 72 ohm co.lx 

Model 650 and 651 
Matchmaster 

Multi- Position Coax Switches 
For 75 or 52 rrne. 111>talilly S‘‘ilulieS 1•0:1X lilies 

ScrN\ ing or unscrewing coax ronnertors. 
Ilandles up to I IX.11" modulated power. Nlax. cross-
talk --15db at 30 me. Nlodel 550A 5-position switch. 
Model 551.1 2-pole. 2-positi:m switch. 

Low Pass Filter 
1:01. ters NV. Nlinimum S5 db attenua-
tion thioughout 'I'N' bands. Uses exclusive BA:AV 

t,.,I ill noviq multi-sectional 
const roll ion giving greater attenuation in less space 
at lo\u•r u•ost. Nloulel -125 for 52 ohms inweulance. 
\luilel-126 for 75 ohms. 

Matchmaster 
Self-contained in 6" x 8" x 8" steel cabinet. Serves 
as dummy load l'or Irml)SlIol ter tests. SW1t measure-
moils throughout ralcze 01 500 ku. to 30 me. 1 /Wert - 
reading BY, watt meter up to 125 watts, higher 
powers by sampling. Irtegral S \\* It bridge for match-
ing antennas mid other 'muds to transmitter. \ lode' 
1150 for 52 ohm line, Nludel 651 for 75 ohms. 

R. F. Filament Chokes 
I " sett with standard filament transformers in 
grIniniled griul amplifier circuitry. Broadband design 
requires no tuning SO through 10 meters. Packaged 
in steel case with mounting brackets. .1/o,/c/ P('-/:;" 

For one or two tult-s requiring not more than 15 
:unps fill. current. .1/0./t I - For one 01 two 
tubes of up to 30 atnps lit. ,urrent. 

BARKER 81 WILLIAMSON, INC. 
Bristol, Pennsylvania 
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GPR-90 

GSB 

SBT-1K A 

CON ... The Model CON Operating Console is an unusual 
"add a unit" type enclosure used in Point to Point, Air-
Ground, Airport Control Tower, Mobile and Shipboard instal-
lations where maximum operating efficiency and equipment 
flexibility is required. The dnits are made up of standard 19" 
assemblies which can be used to form straight line, " L", "U" 
and many other arrangements Bulletin 211 

GPR-90 R-825/URR)...a general purpose communica-
tions receiver of the double conversion superheterodyne type 
covering the frequency range of .51 to 31 mcs. Stable—selec-
tive—accurate— built-in crystal calibrator Bulletin 179 

GPR-90RX (R-840/URR) ... Provides the same high quality 
characteristics of the GPR-90 but also permits the use of 10 
precisely adjustable crystal positions available from the front 
panel plus a rear deck inpur for an external high stability 
control oscillator or synthesizer Bulletin 205 

GSB ... Single Sideband Adapter of the filter slicer type per-
mitting accurate and simple tuning of SSB, AM, CW and 
MCW. Filter provides aaditional selectivity and pass-band 
tuning. Upper and lower sidebands are selected by a flip of 
a switch Bulletin 194 

SBT-1K ( ) ... Single Sideband Transmitter is a conserva-
tively rated general purpose transmitter providing at least 
1 KW PEP from 2-32 mcs.  SSB ISB DSB CW  MCW—FS. 
Rugged, compact, serviceable, completely bandswitched— 
ideally suited for mobile, marine, fixed station operations. 
Four models available..  -Bulletin 237 

GPT-750 ( ) 2 lAN/URT-17A)..is a fully bandswitched, 
continuously tunable ( 2-32MC) radio transmitter. The building 
block concept makes this transmitter versatile, easy to install, 
operate and m&ntain. Four models available. SSB, ISB, DSB, 

AM, CW, MCW, FAX, FS. The GPT-750 ( )2 is ideally 
suited for fixed station, mobile and shipboard operation. 

Bulletin 227 

GPT-7500 



HF/ILF communications 
it's MIMIC 

• ISB • CW • MCW • AM • FS 

VOX (0-330/FR) ... a direct reading, high stability, Vari-
able Frequency Oscillator providing continuously variable 
output over the frequency range of 2-64 mcs. 

Bulletin 134A 

XFL-2 ... The TMC Frequency Shift Exciter System, Model 
XFL-2 is combined low and high frequency shift system. The 
system combines the TMC Low Frequency Adapter, Model LFA 
with TMC Frequency Shift Exciter, Model XFK to provide vers-
atile operation over a wide range of frequencies- 1 to 6.9 
mcs. and 50 to 500 Kcs Bulletin 154 

SBT-350 I ) ... Compact, rugged Radio Transmitter cap-
able of at least 350 watts PEP from 2-32 mcs. SSB—ISB—DSB 
CW—MCW—FS low level AM—completely bandswitched— 
five models available Bulletin 220 

PTE- 1 Single Sideband Analyzer designed for the speci-
fic purpose of tuning and aligning sirgle sideband exciters 
and transmitters permitting a visual analysis of intermodula-
tion distortion products, hum and noise The PTE- 1 consists of 
3 basic TMC units: Spectrum Analyzer Model FSA (AN/URM-
116); A VFO TMC Model VOX (0-330/FR) and a Two-tone 
Generator TMC Model TTG (C-579/URT) Bulletin 231 

GPT-10K (AN/FRT-39) ... is a conservatively rated general 
purpose radio transmitter capable of at least 10 KW PEP out-
put from 4-28 mcs. All power amplifier stages are linear and 
the final incorporates a ceramic tube for greater efficiency 
and reliability. All components housed within a single attrac-
tive enclosure including sideband exciter — VFO, spectrum 
analyzer, F.S. Exciter and complete "on the air" testing 
circuitry.  Bulletin 207B 

The TECHNICAL MATERIEL CORP. 

MAMARONECK, NEW YORK 

* 
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electron tube', 
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HE1PFUL CHARTS & LITERATURE FREE: Write for CONDENSED 
TUBE CATALOG, information at a glance, rapid tube data refer-
ence tables, 26 pages of condensed information arranged 
for quick reference. Address your distributor or Amperes direct. 

Of 

\\ 

Arnperex 

COMMUNICATION 

INDUSTRIAL 

RECTIFICATION 

SPECIAL PURPOSE 

RADIATION DETECTION 

AMATEUR 

ELECTRO-MEDICAL 

SEMICONDUCTORS 
A FULL RANGE OF TRANIIIIIIRMs At 
SEMICONDUCTOR DIODES AVAILAB 

Detailed Data Sheets on any of thi 
tubes, and applications engineeri 
service are yours for the asking. 

§The AMPEREX types 6268 and 62 
are not only improved versions t 
completely interchangeable 
every respect with the Types 4C 
and 5C22 respectively. They have 
minimum guaranteed life of 1,0 
hours due to the self - contains 
self-regu 1ating sources of hydroge 

Includes sensing plate. For them 
static control, o*dered separate 
either: 

(a) "Water Saver' Thermostat I 
sembly, Cat. No. S-17024, Pri 
$5.25. 

(b) "Overload Protection" Them 
stat Assembly, Cat. No. S-17(1 
$5.25. 

**Price on request. 

:Price for this tube includes 1C 
Federal Excise Tax. 
Prices subject to change with° 
notice 

RADIATOR CREDIT FOR 
FORCED AIR-COOLED TUBES 

Tube Type Users Allowan. 
889RA   $20., 

1, 891R, 892R   30.1 
5604   75: 
5667   
6445   30.1 

h 6447   30., 
1‘ 6757   75.1 

6801   75.1 

ELECTRONIC CORP. 
HICKSVILLE, L. I, N.Y. 
IN CANADA: ROGERS ELECTRONIC 
TUBES & COMPONENTS, 06 VAN-
DERHOCF AVE, TORONTO 17, ONT. 



Type No. Price 

BEAM POWER TUBES 
807 $2  90 
6146   5.00 
6159   5.00 
PE06/40N . .   5.95 

DIODE, CLIPPER 
6339   $44.50 

COUNTERS, GEIGER 
75N   $16.50 
75NB3   16.50 
80N   45.00 
85NB3   22.70 
90CB   27.00 
90NB   27.00 
90N64   27.00 
100C   54.00 
100CB   58.00 
100HB   54.00 
100N   43.50 
100NB   45.50 
120C   90.00 
120CB   95.00 
120N   90.00 
120NB   95.00 
150N   61.00 
150NI3   66.00 _ 
1530   91.00 
160G   66.00 - 
170G   110.00 - 
180G   50.00 - 
200C   67.00 
200CB   71.00 
200116   67.00 
200N   56.00 
200NB   58.50 
230C  43.00 
230N   41.00 
2400   43.00 
240N   41.00 
912NB   53.00 
18503   28.00 
18508   127.00 
18509-01 . 22.40 
18510   127.00 
18515   186.50 
18516   206.25 
18517   373.00 
18518   412.50 

CONDENSERS, VACUUM 
VC25/20 . . . . $22.00 
VC25/32 . . . . 25.25 
VC50/20 . . . . 26.25 
VC50/32 . . . . 29.50 
VC100/20 . . . . 32.00 
VC100/32 . . . . 35.00 
VC250/32 . . . . 75.00 

COUNTER, DECADE 
6370/Eli . . . . $16.50 

DIODE, DAMPER 
e6R3/EY81 . . . $2.80 

TWIN DIODE, 
"PREMIUM QUALITY" 

et5726/E91AA . . .$2.10 

DIODE, VTVM 
6923/EA52 . . . $13.00 

IGNITRONS 
t 5551A/652 . . . $65.00 
t5552A/651 . . 99.00 
t55536/655 . . 245.00 
5555/653B . . . 316.00 
t5822A   116.00 

TUNING INDICATORS 
e1M3/0M70 . . . $1.95 
x6BR5/EM80  2.45 
;e6CD7/EM34  3.65 
t-'6DA5/EM81 .  2.45 
6FG6/EM84  2.95 
eDM71   2.00 

KLYSTRONS 
DX122   
DX123   
DX124   
DX151   

KLYSTRON, REFLEX 
2K25   $39.50 

Type No. Price 

MAGNETRONS 
2J42   $160.00 
2J48   250.00 
4J47   500.00 
4J57   270.00 
4J58   270.00 
4J59   270.00 
5586   417.00 
5657   417.00 
5780A 
6589   
6972   325.00 

PENTODES 
#6AU6   $ 2.10 
828 27.50 
6083/AX9909 . 14.25 
EFP60  8.75 

PENTODE, DUO-DIODE 
e.'6008/ EBF89 . $3.25 

PENTODE, FRAME GRID 
5847  $18.21 

PENTODES, HI-FI 
e6BQ5/EL84 . . . $2.35 
e6CA7/EL34 . . . 6.20 
e6CW5/ EL86 . . 3.50 
86Q5/XL84 . . . 2.60 

»6267/EF86 2.75 
e7189   3.60 

TRIODE-PENTODES, HI-FI 
e6BM8,'ECL82 . $3.00 
e50BM8/UCL82 . 3.00 

PENTODES, 
"PREMIUM QUALITY" 

5654/E95F . . . . $3.20 
6084/E8OF . . . . 3.75 
6227/E8OL . . . . 3.75 
6686/E81L . . . . 5.00 
6688/E180F . . . 8.00 
6689/E83F . . . 4.50 
E9OF   
E99F   

• • 

• * 

TRIODE-PENTODES 
z6U8 . . ..... $3.30 
z6BL8/ECF80 . . 3.80 

TRIODE-PENTODE 
"PREMIUM QUALITY" 

E80CF   

PENTODES, 
SUBMINIATURE 

6007/5913 $1.50 
6008/5911 . . . 1.50 

RECTIFIERS 
elS2A/DY87 . . . $2.75 
e5AR4/GZ34 . . . 4.20 
#5R4G-Y   1.90 
6CA4/EZ81 . .   2.10 
6V4/EZ80 . .   1.50 

575A   22.15 
673   22.15 
8020AX   15.00 

RECTIFIERS, MERCURY 
8576   $235.00 
866AX   2.65 
8698   150.00 
869BL   150.00 
872AX   9.90 
6508   80.00 
6693   25.00 
7136   25.00 
8008AX 9.90 

RECTIFIERS, XENON 
3628   $ 7.60 
4632   13.50 

VOLTAGE REFERENCE 
TUBES 

0E3/85A1 . . . . $2.50 
0G3/85A2 . . . . 2.50 

VOLTAGE 
REFERENCE TUBE 

"PREMIUM QUALITY" 
5651 $2  50 

Type No. Price 

VOLTAGE REGULATORS 
0A2   $1.75 
OB2 190 
90C1   2.50 
6354/15062 . .   3.00 

TETRODES 
4-125A   
4-250A   
• 4-400A   
• 4CX250E1 

4X150A 
4X150D . . . 
4X2506 
4X250F 
• 4X500A 
6 075/AX9907 
6076/AX9907R  
6079/AX9908 
6155   
6156   
6979   
7527   

$ 36.00 
46.50 
55.00 
45.00 
38.95 
38.95 
42.50 
42.50 

121.00 
250.00 
305.00 
60.00 
36.00 
46.50 
42.50 
55.00 

TETRODES, BEAM 
813   $22.65 
7378   

TWIN TETRODES 
8296   $18.90 
832A   15.85 
5894/AX9903 .   25.00 
6252/AX9910 .   25.0e 
6907   25.00 
6939   14.00 
7377   

THYRATRONS 
2021   $ 2.05 
3023   11.98 
5560/FG95 . .   33.00 
5632/C3J . . .   15.50 
5684/C3JA   19.80 
5685/C6JA . .   29.30 
5727/E91N . .   2.70 
5949/1907 . .   ** 
AX260   150.00 

THYRATRONS, HYDROGEN 
§6268/Ax9911 .. $32.50 
.16279/AX9912 .. 45.00 

THYRATRONS, MERCURY 
5557/FG17/ 
967/1701 . . $ 9.50 

5559 . . . . . 22.00 
5869/AGR9950. 25.00 
5870/AGR9951. 100.00 
6786 . . . . . 200.00 
AX105/FG105 53.33 

THYRATRONS, XENON 
2050   $ 1.85. 
5544   38.41 
5545   29.30 

TRIODES 
6Q4/EC80 . . . $ 6.00 

:--5R4/EC81 . . 2.50 
450TH  
450T1   
501R/5759 
502/5760 . 
502R/5761  
504R   
805   
810   25.55 
811A   6.50 
812A   6.50 
833A   47.90 
834   19.30 
838   20.00 
845   20.85 
849   185.00 
849A 
880   
889A   
889RA 
891   
891R   
892   
892R   
5604   
5619   
5658   
5666   
5667   

• • 
• 

77.00 
77.00 

• . 225.00 
. . 210.00 
• . 235.00 

245.00 
20.00 

  185.00 
565.00 
221.00 
347.00 
275.00 
430.00 
270.00 
425.00 
570.00 
423.00 
565.00 
280.00 
370.00 

Type No. Price 

TRIODES (Con't) 
5771/356 • . . . $600.00 
5866/AX9900 . 20.00 
5867/AX9901 . 30.00 
5868/AX9902 . 55.00 
5923/AX9904 . 165.00 
5924/AX9904R . 231.00 
5924A . . . . . 275.00 
6077/AX9906 . 1675.00 
6078/AX9906R. 1900.00 
6333   .. 
6445   420.00 
6446   305.00 
6447   465.00 
6756   388.00 
6757.   535.00 
6758   173.00 
6759   206.00 
6800   350.00 
6801   505.00 
6960   150.00 
6961   210.00 
7092   125.00 
7459 . . . • 230.00 
DX144/EC56 . .. 
DX145/EC57 • .. 
HF200   49.50 
HF201A/468. 34.50 
HF300   40.50 
ZB3200 . . . 390.00 

TRIODES, FRAME GRID 
4-2ER5   $ 2.90 
z3ER5   2.90 

2.90 
z6ER5/EC95 . . 2.90 
5842   18.21 

TRIODE, INDICATOR 
"PREMIUM QUALITY" 

6977/DM160 . . . $3.50 

TWIN TRIODES 
,e4ES8/XCC189 . $4.55 
t6AQ8/ECC85 . . 2.60 
e6DJ8/ECC88 . . 4.55 
e6ES8/ECC189 . 4.55 
#6.16/ECC91 . . . 2.80 
e9AQ8/PCC85 .. 3.10 
el2AT7/ECC81 . 3.05 
.v 12A U7/ ECC82 . 2.45 
#12AX7/ECC83 . 2.50 
17EW8/HCC85 . 2.60 

5920/E9OCC PQ . 2.40 
6085/E8OCC PQ . 3.75 
6201 PQ   3.25 
6211 PQ   2.40 
6360   
6463 PQ   2.95 
6922/E88CC PQ   4.75 
7062/E180CC PQ 2.40 
7119/E182CC PQ 4.15 
7316 200 
E92CC   2.40 

TRIODE, GLOW DISCHARGE 
5823/Z900T . . . $2.50 

TRIGGER TUBES, 
COLD CATHODE 

Z5OT   $2.20 
Z7OU 195 
Z300T 495 
Z804U 430 

• HEPTODE, DUAL CONTROL, 
"PREMIUM QUALITY" 

6687/E91H . . . . $ 1.45 

BEAM DEFLECTION TUBE 
"PREMIUM QUALITY" 

6218/E8OT . . . $15.00 

ask I4117pOrOX 

about electronic tubes 
and semiconductors for 

every industrial and com-
munications applications. 



THE STANDARD OF QUALITY 

BG7 SERIES 

QUARTZ CRYSTALS 

BTC-2 

BH9 SERIES 

TC0-11 'A PIE 

OVENS  

CRYSTAL FILTERS 

PACKAGED OSCILLATORS 

SET OF 

THREE MATCHED 

DELAY LINES 

DOUBLE ENDED RINGING LINE 

I 
BFN-28A 

ULTRASONIC DELAY LINES 

BX SERIES BG9 SERIES 

BC0-10 IPE TC0-141 , ÍPir; 

BFN-5 

CCO-7 SERIES 

BLILEY ELECTRIC CO. UNION STATION BUILDING ERIE, PENNSYLVANIA 
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See ) 1S11-1 at your Gonset distributor. 

1960's Biggest Value 
MSB-1 
MOBILE 
SIDEBAND 
COMMUNICATOR 
TRANSCEIVER 

1115EY GONSE 

MSB-1...far advanced in design... 
priced for fullest value! 

Compact...mounts readily under dash 
complements any modern car. Its attractive 
gunmetal housing with black and satin 
aluminum panel shows equally to advantage 
on any well-appointed operating desk. 

Highly stable...non-critical with single 
knob VFO tuning both transmitter and 
receiver...with quartz crystal tiller to 
eliminate unwanted sideband. 

Every desirable modern feature... 

125 watts P.E.P. input ... upper and lower side-
band and CW ... all band operation, 10 through 
80 meters...high stability VFO. . . VOX.. . push-
to- talk provisions. Receiver 
sensitivity better than I microvolt.. . 9 me 
band-pass crystal filter for excellent 
transmitting and receiving selectivity . . . 100 ke 
crystal calibrator unit available as an acces-
sory . I2V DC power supply is transistorized... 
Ad supply also available. MSB-1 is only 
5"H, 12"W and 12"D, weighs but fifteen 
pounds less power supply. 

T Division of Young Spring & Wire Corporation 
SOI SOUTH MAIN ST BURBANK. CALIFORNIA 

EXPORT SALES: WESTREX CORP., Ill EIGHTH AVE., NEW YORK II. N.Y. 



Belden Radio and Electronic  
Service Rated—Quality Controlled 

in Easy-to-Use Packages! 

Aam Transmission Lines-
RG/U Type 

- 1 

8241 Type RG-59/1.1 

NMI  
8238 Type RG-11/U 

Belden 72-ohm RG/U Cables are designed for 

lowest losses, longer service life, and maximum 

dependability. Cables are essentially flat with 

no peaks in attenuation to reduce signal on 

either high or low frequencies. 

Transmission Lines—\. 
Parallel Type 

Medan 

8235 
300 Ohm-1 KW ( RF) Rated 

 re 

8210 
72 Ohm-1 KW ( RF) Rated 

Belden transmission line cables are made with 

brown virgin polyethylene for best weather 

resistance and lowest losses. Uniform quality con-

trol prevents standing waves and mismatches. 

/ Power Supply Cables \  

8454 

8453 

8405 
Shielded Power 
Supply Coble 

Provide dependable service as power sup:\i-ly 

cords, interconnecting cables on electronic 

equipment, remote control circuits, special 

press-to-talk microphone circuits, and other 

ham applications. Designed for long service 

life with excellent mechanical and electrical 

characteristics, and uniform quality. Special 

jacket offers maximum resistance to abrasion 

and ozone. 

One Wire Source for Everything 

Electronic and Electrical 



Wire for Every Ham Application 

High Voltage Lead \ 

8868 

New, improved lead offers smaller diameter 

and greater flexibility and voltage . 150" OD, 

25,000 V working voltage and 50,000 V break-

down. 

Antenna Rotor Cables\  

8488 

8484 

Sturdy, flexible, plastic insulated cable for all Ham 

antenna rotor applications. Cables are color 

coded for easier hook-up. Chrome, vinyl plastic 

jacket resists sun and aging. 

/Workbench Hook-Up 
Wire Dispenser Kits 

werk.8014.,er.--e 

--11811ks  

Magnet Wire • Lead Wire • Power 

Supply Cords • Cord Sets and Portable 

Cord • Aircraft Wires • Electrical House-

hold Cords • Electronic Wires • Welding 

Cable • Automotive Wire and Cable 

Solve the problems of waste and incon-

venience for all users of Hook-Up Wire. 

Available in 14 most popular assort-

ments of Vinyl, Vinyl-Nylon, Textile, and 

Teflon' insulated wire. Rack conven-

iently mounts on workbench or wall at 

user's finger tips. 

•DuPort Trademark. 

Belden 
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO 

8-4-9 



EstablIshed 1910 

IT'S HAMMARLUND... 
SSB et its ve best 

the 
ALL-NEW HQ-180 
for general 

coverage 

An advanced design 18-tube super-
heterodyne receiver with full dial cov-
erage from 540 KCS to 30.0 MCS. 
Bandspread on all amateur bands within 
frequency range of receiver. 

$429.00 (Optional clock•timer, $ 10.00) 

the 
PROVED CHAMPION 
of amateur band 
receivers HQ-170 

No amateur receiver has ever gained 
as fine a reputation as the HQ- 170. A 
17-tube superheterodyne receiver tun-
ing the 6, 10, 15, 20, 40, 80 and 160 
meter amateur bands. 

$359.00 (optional clock-limer, $ 10.00) 

Hammarlund shows the way to new standards of performance in SSB with the 
HQ- 170 and HQ-180 receivers. These receivers incorporate the Hammarlund slot 
filter that allows attenuation up to 60 db for razor-sharp tuning, selectable sideband, 
selectable IF amplifer tuning, separate product detector, BFO control, crystal cali-
brator, selectable rates of AVC and other advanced features. Pick the one that suits 
you best. You can't buy better, or be more satisfied than with a Hammarlund SSB 
receiver ... they're tops! 

JJA eaunLr) 
MANUFACTURING COMPANY, INC. 

460 West 34th Street, New York 1, N.Y. 

In Canada: White Radio, Ltd., 41 West Ave., N. Hamilton, Ort. 
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ARRL WORLD MAP 
LIGHTNING 
CALCULATORS 

Printed in eight colors on heavy mop paper 
with 267 countries clearly outlined. Continental 
boundaries, time zones, amateur prefixes, 
plainly marked. Size 30 x 40 inches. $2.00. 

Quick and accurate cnswers with ARRL Light-
ning Calculators! Type A for problems involving 
frequeecy inductance, capacity. Type B for re-
sistance, voltage, current and power. $ 1.25 
each. 



*  QST Although primarily a ham magazine, QST is found on the desks of engineers, technicians 
and just about everyone in the electronics field. There is something for everyone in QST, from 
the Novice to the Old Timer. QST and ARRL membership $5.00 in U.S.A., $5.25 in Canada, 
$6.00 elsewhere. 

*  THE RADIO AMATEUR'S HANDBOOK Internationally recognized, universally consulted. 
Packed with information essential to the amateur and professional alike. Hundreds of photos, 
diagrams, charts and tables. $ 3.50 U.S.A., $4.00 U.S. Poss. and Canada, $4.50 elsewhere; 
Buckram Edition, $6.00 everywhere. 

*  A COURSE IN RADIO FUNDAMENTALS A complete course of study for use with the Radio 
Amateur's Handbook. Applicable to individual home study or class use. $ 1 U.S.A. proper, $ 1.25 
elsewhere. 

*  HOW TO BECOME A RADIO AMATEUR Tells what amateur radio is and how to get 
started in this fascinating hobby. Emphasis is given to the needs of the Novice licensee, with three 
complete simple amateur stations featured. 50e. 

*  THE RADIO AMATEUR'S LICENSE MANUAL Complete with typical questions and answers 
to all of the FCC amateur exams— Novice, Technician, General and Extra Class. Continually 
kept up to date. 50e 

*  LEARNING THE RADIOTELEGRAPH CODE For those who find it difficult to master the 
code. Designed to help the beginner. Contains practice material for home study and classroom 
use. 50e. 

*  THE ARRL ANTENNA BOOK Profusely illustrated, the Antenna Book includes information 
on theory and operation of antennas for all amateur bands; simple doublets, multi-element 
arrays, rotaries, long wires, rhombics, mobile whips, etc. $ 2.00 U.S.A. proper, $ 2.25 elsewhere. 

*  SINGLE SIDEBAND FOR THE RADIO AMATEUR A digest of the best SSB articles from 
QST. Includes discussions of theory and practical "how-to- build-it" descriptions of equipment. 
$1.50 U.S.A. proper, $ 1.75 elsewhere. 

*  THE MOBILE MANUAL FOR RADIO AMATEURS It's a collection of articles on tried and 
tested equipment that have appeared in QST. A "must" for the bookshelf of anyone interested in 
the installation, maintenance and operation of mobile stations. $ 2.50 U.S.A. proper, $ 3.00 
elsewhere. 

*  HINTS AND KINKS If you build equipment and operate an amateur radio station, you'll 
find this a mighty valuable book in your shack and workshop. More than 300 practical ideas. 
$1 U.S.A.proper, $ 1.25 elsewhere. 

GIST BINDERS 
No need to let your copies of QST rest 
in a disordered pile. A QST binder will 
keep them neat and orderly. Each holds 
a one-year file. $3.00 (available in 
U.S. and Possessions only). 

SUPPLIES 
Active amateurs need these supplies: AIM Logbook, 500 
U.S.A., 600 elsewhere. MiniIlog, 300 U.S.A., 350 elsewhere. 
Radiogram blanks, 35¢ per pad postpaid. Message de-
livery cards, 5,6 each stamped, 20 each unstamped. 
Members' stationery, 100 sheets $ 1.00, 250 sheets $2.00; 
500 sheets $3.00. 



;itAêeiceteiceet frt Weeesteezdeft 

/ ) AMERICAN RADIO RELAY LEAGUE 
\v Administrative Headquarters: West Hartford, Connecticut, U. S. A. 

  19.... 

\ME:RR:AN RADIO RELAY LEAGUE, 

\Vest Hartford 7, Conn., U. S. A. 

Being genuinely interested in Amateur Radio, I hereby 

apply for membership in the American Radio Relay 

League, and enclose $5.00* in payment of one year's dues, 

$2.50 of which is for a subscription to Q.ST for the same 

period. [Subscription to Q.ST alone cannot be entered 

for one year for $2.50, since membership and subscription 

arc inseparable.] Please begin my subscription with the 

issue. 

The call of my station is  

The class of my operator's license is  

I belong to the following radio societies  

Send my Certificate of Membership D or Membership 

Card ( Indicate which) to the address below: 

Naine   

A bona fide Interest in amateur radio Is the only essential requirement, but full 

voting membership is granted only to licensed rodio amateurs of the 

United States and Canada. Therefore, if you have a license, 

please be sure to indicate it above. 

*$5.00 in the United States and Possessions. 

$5.25, U. S. funds, in Canada. 
$6.00, U. S. funds, in all other countries. 
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the most widely used 

Amateur Supply Guide 
KEEP IT HANDY.. 

get everything from our largest stocks 

of station gear and electronic supplies— 

immediate delivery at lowest prices... 

A.LLIED 
gives you every buying advantage 
HIGHEST TRADES: Get the absolute 
most for your old equipment. Tell us what 
you've got and what you want— we'll 
corne up fast with the best deal anywhere. 

RECONDITIONED GEAR: Large selec-
tion, new set guarantee. Ask for latest 
list of top reconditioned equipment at 
lowest prices. 

EASIEST TERMS: Available on all orders 
over $20; only $2 down up to $50; $5 
down from $51-200; only $10 down from 
$201 up; up to 24 months to pay. Extra: 
15-day trial on all ham gear. 

HAM-TO-HAM HELP 

Our staff of ove, 30 Amateurs goes all-cut to 
give yo ..i all the help you want. You'll like the kind 

of personal attention Amateurs have enjoyed 
at Allied for so many years. Get to know: 

W8CZE 
Jack Schneider 

(Allied's"'Mr. Ham") 

ALLIED RADIO 
100 N. WESTERN AVE., CHICAGO 83, ILL. 

Seneittq+10. amp-team. 6et (Poi 
W9BHD 

Joe Huffman 
(in the Ham Shack) 

W9WIPIF 
Jim Sommerville 
(write to him 

for that best deal) 

W9HLA 
Joe Gizzi 

(in the Horn Shack) 



VHF BEAMS 

1135 NO. 22nd ST. 

432me 13 Element Beam, 912.95 

220mc 11 Element Beam, $ 13.95 

144mc 5 Element Beam, $8.95 

144mc 10 Element Beam, $ 14.95 

6 Meter. 5 Element Beam, $ 18.95 

6 Meter, S Element Beam, $32.95 

Foeu Couptim Etwuji4 Lao gpotb... -ArujUtetb Le tiu;Radio gperimnt, 
MONOBANDERS 

10 Meter. 3 Element Beam, $32.95 

15 Meter. :1 Element Beam, 938.95 

20 Meter, 3 Element Beam, $65.95 

YO It NEÁI:E.ST DISTRIBUTOR, Olt WRITE TO 

antenna 
/ products 
LINCOLN NEBRASKA 

GROUND PLANES 

Ground Plane Antenna 25-50mc, $32.50 

Ground Plane Antenna 50-hOmc, $21.95 

Ground Plane Antenna 108-500mc, $ 14.95 

MULTI-BAND DOUBLETS 

Doublet for 0 thru 20 Meters, $ 19.95 

Doublet for 6 thru 40 Meters, $29.95 

Doublet for e thru 80 Meters, $37.50 

HALOS 

Halo for 2 Meters, $5 95 

Halo for 6 Meters, $ 12.95 

MOBILE & PORTABLE TRAP 

TRAVELERS 

3-Band Loading Ciol for 10-20 
Meters, $ 14.95 

Telescoping Base & Whip Assembly, $ 15.00 

Portable Micro-Dipole Kit, $9.9'.i 

MULTI-BAND VERTICALS 

Multiband Vetrical for 10-20 Meters, $21.95 

Multiband Votrical for 10-40 Meters, $27.95 

Multiband Tower Vertical 
for 10-80M, 5129.50 

TRIBANDERS 

3-Element Full Size 

Tribander for 10, 15, 20M, $99.75 

3- Element Miniature 

Tribamler for LO, 15, 20M, $69.95 

2-Element Miniature 

Tribander for 10, 15, 20M, 849.95 

lite Woecidi letgeet Ma/lulu/etc/ of -Amami Corfuluuticationi -Artteiutaid 
HOTOBRAKE 

Complete Rotator, Brake, 

Wall Map Indicator and 

Control Box, $199.95 

CITIZENS BAND 

Citizens Whip, $6.95 

Citizens Dipole, $ 12.95 

Citizens Mobile, $ 11.95 

Citizens Ground Plane. $ 18.95 

Heavy Duty Ground Plane, $32.50 

Citizens Beam, $ 36.115 
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LAMPKIN 105-B MICROMETER 
FREQUENCY METER 

FREQUENCY RANGE on local trans-
mitters 0.1 to 175 MC — to 3000 MC by 
measuring in multiplier stages. ACCU-
RACY conservatively guaranteed better 
than 0.0025',-; —actually 9 out of 10 results 

P-4'  come within 0.0O. CALIBRATION 
table for each meter; charts show percent-
age off-frequency from FCC assignment. 
DIAL 4" diameter, 40 turns, totals 8000 
divisions spread over 42 feet—resettable 
better than 5 parts per million. CRYSTAL 
thermometer on panel automatically indi-
cates dial checkpoint. SIGNAL GENER-
ATOR—a pinpoint CW source for mobile-
receiver final alignment. 

Get into this rapidly growing 
field with 2nd Class Ticket and 

LAMPKIN MOBILE- SERVICE METERS 

LAMPKIN 205-A 
FM MODULATION METER 

FREQUENCY RANGE — Continuous 
25 MC to 500 MC. No coils to change. 
Rough and vernier tuning controls. PEAK 
FM swing shows directly on indicating 
meter—calibrated 0-12.5 or 0-25.0 peak 
KC, positive or negative. No charts or 
tables. ACCURATE—within 10`.'r at full 
scale. FIELD STRENGTH METER — 
Reads relative transmitter output. PRO-
TECTED — Panel components recessed 
behind edges of the case. PORTABLE — 
Just a 2-finger load. 

JUST THESE TWO METERS-WITH NO ADDITIONAL CRYSTALS OR FACTORY ADJUSTMENTS 
-WILL CHECK FREQUENCY AND MODULATION ON HUNDREDS OF TRANSMITTERS OPER-
ATING ON SCORES OF FREQUENCIES. LAMPKIN METERS ARE USED BY NUMEROUS 
MUNICIPALITIES- BY MORE THAN 41 STATES-BY THE SERVICE ORGANIZATIONS OF 
MOST TWO-WAY RADIO MANUFACTURERS-AND BY HUNDREDS OF INDEPENDENT MO-
BILE-SERVICE ENGINEERS. THEY ARE GUARANTEED TO PLEASE YOU, TOO, OR YOUR 
MONEY W'LL BE REFUNDED. 

To learn about contract rates and 
service arrangements, send for 
YOUR free copy of HOW TO 
MAKE MONEY IN MOBILE-
RADIO MAINTENANCE! 

MAIL COUPON TODAY! 

LAMPKIN LABORATORIES, INC. 
BRADENTON, FLORIDA 

Measurements Seztior 

Lampkin Laboratories, Inc. 

Bradentor., Flor da 

At no obligaiicn to me, please send 

F- "How To Moke Money in Mcbile-Radio Maintenance!" 

E Technical data and prices on Lanpkin Meters 

-J 

Name-

Address 

City Zone State 
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The design and production of communications 
receivers today is considerably different than in 
past years for two principal reasons. Costs have 
risen precipitously; to manufacture a receiver in 
the face of this and keep the price reasonable 
requires good tooling, long runs, and little allow-
ance for error. Secondly, there are greater 
demands placed on receiver operation than ever 
before, versatility . . . handling ease . . . yes, 
amateurs have come to ask for parameters of 
performance almost unheard of in past years. 

RME in announcing the new 6900 states without 
equivocation that this receiver performance is 
unmatched by anything near its price class. The 
6900 is engineered to give optimum service for 
all modes of amateur communications — not 
merely one. Engineered under t he supervision of 
Russ Planck, W9RGH, the 6900 has as many 
advanced pioneering features as its extraordinary 
namesake, the world famous RME69, which 
was t he first hand-switching communications 

• CONTROLS: 11 1/2 " Single Slide Rule Tuning 

Dial; Logging Scale. 
• COVERAGE: 80, 40, ; 0, IS and 10 on 5 bands 

plus 10 to 11 mc for WWVo WWVH. 

• Peak Selectivity plus tunable " T" Notch. 
• Internal 100 kc Hermetically Sealed Crystal 

Calibrator. 
• 500-ohm Output. 
• Noise Limiter for SSE and CVv, AM. 

•Separate Detector 'et Single Sideband. 
•S Meter Calibrated in 6 db Steps Above 59 for 

Better Reading. 

11 E6911 

receiver ever produced — over 20 years ago and 
still widely used today. 

What makes the 6900 so Hot? First, meticulous 
attention to details so that every circuit is per-
forming in an optimum manner. Second, an 
ingenious function selector, the Modemaster. 
Every circuit in the 6900 is designed to provide 
high selectivity; frequency stability, sensitivity 
and low internal noise. Finally, inclusion of all 
function controls necessary for a modern 
communications receiver vernier control knob 
with overide clutch for fast tuning; RF gain; 
AF gain; antenna trimmer; band selector, 
stand-by , receive calibrate transmit; ANL; T-
notch filter; calibrate adjustment; band selector. 

Whether you operate CW; SSB; or AM, you 
will have the almost uncanny feeling the 6900 
was designed solely for you — this is the test of 
a modern communications receiver that we 
believe only ours can meet on the operating desk. 

• Improved Fast Attack AVC Circuit. 

• Selectab'a Sideband. 

• Panel o4 At-ractive Grey " Clad-Rex" Vinyl 

Bonded to AlJrniium with Charcoal Trim. 

• Front Pcriel Controls Re- Grouped for Ultimate 

Operating Ease and Convenience. 

• SENSITIVITY: 1 mv. 30% Modulatiol for 100 

mw outpe. 

• S- N- R: 10 db at 1 mv Input. 

• SELECTIVITY: 500 cps, 6 db down, in CW mode. 
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offers optimum performance on SSB, 
AM or CW with no compromises 

NEW... VERSATILE 
Model 6900 

MODEMASTER 

SWITCH 

Gives One Hand Knob Control of 5 Distinct Functions 

o 

o 

o 

When in the indicated AM position, a full-wave diode detector is used. The IF frequency 
response curve is 3.5 kc wide at 6 db down and, the AVC system is switched for fast attack / fast 
decay operation. The AM band width for this area is 3.5 kc. 

In this AM position all of the conditions described for function A above remain the same except 
that the IF response curve is narrowed to 2 kc to reject nearby signals on crowded bands. 

In the LSB ( Lower Side Band of SSB carrier) position a series of steps occur. 
e I ) The AVC system is switched to a fast attack slow decay performance. 

(2) The Beat Frequency Oscillator is turned on and positioned for desired sideband 
reception. 

(3) The second conversion oscillator frequency also shifts for reception of desired sideband 
while the IF response curve remains the same. 

(4) An advanced Product Detector switches in to replace the Diode Detector in all SSB 
and CW positions. 

In the USB ( Upper Side Band ) the changes cited in function C above also occur but are designed 
to accommodate the Upper Side Band. 

O When switched to the CW position: 
I ) The band pass of the IF System is reduced to 500 cycles (.5kc) 

(2) The BFO Injection Control and BFO Pitch Control becomes operational. 

(3) The AVC system is changed for optimum when operating under CW conditions. 

(4) The second conversion oscillator is positioned for reception of the upper sideband 
beat note. 

See your RME distributor or write to RME gle_erSeez° 
Dept. HB-60, BUCHANAN, MICH. 
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EXPERIENCED HAMS SAY 

"MAKE MINE IVIOSLEY" 
FOR BEST-EVER ANTENNA PERFORMANCE! 

TRAPMASTER 10-15-20 METER 

ROTARY AND VERTICAL ANTENNAS 

100% RUST- PROOF! STABLE ALL-WEATHER PERFORMANCE! GUARANTEED! 

MODEL TA -33- Three- ele-
ment beam rated to full KW. 8 
db. forward gain; 25 db. front-to-
back. 1.1/1 SWR. Max. element 
length 28'. Boom length 14'.Turn-
ing radius 151/2 '. Shipping weight 

53 lbs. 

Net Each   $99.75 
MODEL TA- 32 - Two-ele-
ment beam rated to full KW. 5.5 
db. forward gain; 20 db. front-to-
back. 1.1/1 SWR. Max. element 
length 28'. Boom length 7'. Turn-
ing radius 14'5". Shipping weight 
32 lbs. 
Net Each   $69.50 
MODEL TA-33 Jr.- Three-ele-
ment beam rated to 300W. 8 db. 
forward gain; 25 db. front- to-
back. 1.5/1 SWR. Max. element 
length 26'8". Boom length 12'. 
Turning radius 14'9". Shipping 
weight 28 lbs. 

Net Each   $69.50 
MODEL TA - 32 Jr. - Two-ele-
ment beam rated to 300W. 5.5 
db. forward gain; 20 db. front-to-
back. 1.5/1 SWR. Max. element 
length 26'8". Boom length 6'. 
Turning radius 13'9". Shipping 
weight 22 lbs. 

Net Each   $49.50 

MODEL V-3--10-15-20M Verti-
cal rated to full KW. Electrical 
quarter wave on each band. Re-
quires only short radials. 11'6" 
from base to tip. Complete with 
baseplate, guy line, necessary 
hardware. Shipping weight 8 lbs. 

Net Each   $22.95 
MODEL V-3 Jr.- Same as V-3 
but rated only to 300W. Overall 
height 11'9". Shipping weight 
6 lbs. 
Net Each   $17.95 
MODEL V-4-6- Broad-band 
Vertical with automatic band-
switching 10 to 40M. Rated to 
full KW. Maintains electrical 
quarter wave on each band. Com-
plete with baseplate, base insula-
tor, guy rope, hardware. Max. 
height 20'. Shipping weight 12 lbs. 

Net Each   $27.95 
MODEL D -4BC BASE LOAD-
ING COIL- for 75 and 80M op-
eration of V-4-6 Antenna. Mounts 
easily on base section. Shipping 
weight 3 lbs. 
Net Each   $14.95 
POWERMASTER 
SINGLE-BAND ROTARY 

ANTENNAS 

Full-sized 3-element arrays 100% 
rust-proof! Each designed for a 

single band - 10, 15 or 20M. 
Aluminum elements and boom, 
stainless steel hardware. 8.9 db. 
gain on all bands. 1.1/1 SWR. 

MODEL A-310 - For 10M. 28 
db. front- to-back. Max. element 
length 15'3". Boom length 12'. 
Turning radius 11'1". Shipping 
weight 33 lbs. 

Net Each   $37.50 
MODEL A - 315 - For 15M. 28 
db. front-to-back. Max. element 
length 17'8". Boom length 12'. 
Turning radius 13'2". Shipping 
weight 34 lbs. 

Net Each   $42.50 
MODEL A-320 - For 20M. 25 
db. front-to-back. Max. element 
length 35'4". Boom length 14'. 
Turning radius 18'9". Shipping 
weight 40 lbs. 

Net Each   $77.25 
TRAPm0BILE 
10- 15 - 20M MOBILE 

ANTENNA 

MODEL MA- 3- 10, 15, 20 
meter Mobile version of the 
famed TRAPMASTER. Stain-
less steel whip sections. Fits 
standard mounts. Length 7'8". 
Shipping weight 8 lbs  

Net Each   $19.95 

MOSLEY ELECTRONICS, INC., 8622 st. Charles Rock Rd., Saint Louis 14, Missouri 
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If It's Shown 

In This Handbook 

Henry 

Has It! 

HENRY gets the new equipment First 

you get the world's best Terms! 

Low Terms 

Long Trades 

Complete Stocks 

Low Prices 

100% Satisfaction 

You get the best terms anywhere because Henry finances all the 
terms with his easy time payment plan. 10% down (or your 
trade-in accepted as down payment), 20 months to pay. 

Henry wants to trade and he trades big. YOU get truly liberal 
allowances on your equipment. Tell us what you want to trade. 
We also pay cash for used equipment. 

Henry has everything in the amateur equipment field, new or 
used . . . transmitters or receivers, and Henry has the NEW 
equipment FIRST. 

Henry's large purchasing power means low prices to you. You 
just can't beat our wholesale prices. 

Henry gives you a guarantee of "100% satisfaction" or your 
money back at the end of a 10 day trial. 

Write. wire, phone or visit either store today. 

Honey 

Butler 1, Missouri 

Phone 395 E=01 
Bob Henry, 
WOARA 

Radio Stores 
BRodshow 2-2917 

11240 West Olympic Blvd. Los Angeles 64 
Ted Henry 
W6UOU 

'World's Largest Distributors of Short Wave Receivers.'' 



rrlie Sian. Never Sets o 

Prod:uclti14-

Around the World 

18 NORTH LEE, OKLAHOMA CITY. OK _ A U.S.A. 

1930 CATALOG 

wiew"emes.iittiene...L 

and Pole To Pole you will 

find International 

precision made crystals 

and equipment where 

dependab Ity counts. 

SEND FOR YOUR COPY TODAY. 

CL;STO MADE :OMMERCIAL CRYSTALS 

SPECIALIZED At D MINIATURE CRYSTALS 
AMATEJR CRYS-ALS 
PRINTED CIRCU - OSCILLATORS 
CRYSTAL CONTROLLED ALIGNMENT 
OSCILLATORS 

6 AND 2 METEF CONVERTERS 

6 AND 2 METEF TRANSMITTERS 
MODULATORS 
POWER SUPPLIES 
CRYSTAL OVENS 
MICROPHONES 
ANTENNAS 
CITIZEN BAND TRANSCEIVERS 
SUB-ASSEMBLIES FOR RECEIVERS-
COWERTERS-TRANSMITTERS 

CUSTOM OSCILLATORS AND 
TRAVSMITTEFS 



for the Novice . .. for the Advanced Amateur . . . 

A COMPLETE IN-STOCK HAM LINE AT 

'tktkxtA buit!" 
LATE RECONDITIONED EQUIPMENT 

Oliallicrafters 

RADIO 

REFERENCE MAP 

nib 

artm 

Nation,a1 

NATIONAL NC-303 

$1.00 Each 

adot 

1,0 MEYERSON, WOOF 

HAMMARLUND HQ.. 11 0  

GLOBE CHIEF DELUXE 

,116ET 

FREE 

1960 
CATALOG 

Send for Your Copy 

,Mmatici 

I R Mel 

PLEASE RUSH ME D YOUR FREE 1960 CATALOG . . AND COMPLETE INFORMATION 

ON THE .     ENCLOSED r_] IS $ 1.00 FOR YOUR RADIO 
REFERENCE MAP . . PLEASE SEND 

T. RECONDITIONED EQPT. LISTS. 

NARIE•   

AD DR ESS•  

CITY & STATE•  



THE HAMS' 
NO. 1 CHOICE 

in clear plastic 

or metal cases... 

Shuri 
METERS 

550 Series 

850 Series 
Shown actual size, zero adjuster optional 

550 Series with Flange Adapter Ring 950 Series 

Shown approximately three quarter size 

CLEAR- PLASTIC CASES: One look will make every ham en-
thusiastic about the modern, expensive- looking 850 series ... 

and you will be pleased to find the meters cost only 20e more 
than the equivalent metal cased meter. Equally good news will 
be the longer, more visible scale arc ... the removable front 

...and the avadability of zero adjusters on all AC or DC ranges.' 

ATTRACTIVE METAL CASES: In certain applications— for panel 

appearance or spetialized service conditions, you may prefer to 
select from the long-time metal favorites, the basic Models 550 

or 950 as illustrated. Although all have been modernized in 
appearance recently, each continues to fit 2 5/32" mounting 
hole. See Catalog 94 covering all types, including many with 

zero adjuster. 

CHOICE OF MANY TYPES: AC and DC Ammeters, Milliameters, 
Voltmeters and Resistance Meters. AC meters are double-vane 
repulsion type with jeweled bearing. DC are polarized-vare 
solenoid type, or moving magnet construction. Well over 200 
ranges and types. Among the most popular are a 0-3 DC 
Milliammeter with 500 ohms internal resistance and built-in zeta 

adjuster, and a 0-1 DC Milliammeter with 1,000 ohms internal 
resistance and zero adjuster, both many times more sensitive 
than previous models, in this price class. 

DEPENDABLE PERFORMANCE: By far the best torque-fo-weight 
ratio in its field gives you a sturdy meter with fast responses and 
ability to duplicate readings. Molded inner units with internal 

and external locking nuts assure maximum rigidity. Dials are 
lithographed on metal so they stay good-looking and easy to 
read in spite of age and moisture. Accuracy well within the 

standard 5%. 
REASONABLE PRICES: Typical of Pie exceptional values are 

the meters illustrated. Models 
Range 550-950 

0-150 DC Ma $1.85 
0-150 DC Volts 2.35 

0-1 DC Ma (with zero adj.) 3.50 
0-150 AC Volts 3.60 

Other meters are correspondingly low in price. You get the 
benefit of low costs made possible by large quantity production. 

Some models include zero-adjuster in price; others are 35st 

extra 

GUARANTEED: For one year against defective workmanship 
and material. Will be repaired or replaced if sent postpaid to 

the las tory with et handling charge. 

WIDELY AVAILABLE: Stocked by leading electronic parts 

distributors for prompt deliveries. 

Model 
850 

$2.05 
2.55 
3.70 
3.80 

E METERS 130 Wallace Street • New Haven 8, Connectic 
P. 0. Box 1818 



Look for HENRY 
Whenever there's outstanding new amateur equipment... 

priced to represent full and honest value...you'll rind 

a HENRY...Ted or Bob...right in the middle! 

To prove the point: Here's Ted in 
the middle of four of Gonset's 

newest and finest... 

• 

• 

The exclusive, new mobile sideband 
transceiver, M58-1. And G-63, the big-
gest amateur communications receiver 
value in the 200 dollar price bracket. 
At Ted's elbow is the fine-performing, in-
big-demand SSB transmitter/exciter, 
G58-100 and Gonset's "more watts per 
dollar" GSB-100 linear amplifier. 

Place your order with HENRY... 
for these new Gonset items...or any items in the big Gonset 
line. You'll find everything in the tremendous Henry stocks... 
for immediate, over-the-counter delivery or same-day shipment 
on mail orders. If you can't drop in, just write, wire or phone. 

• Compare Henry's easiest terms... only 6c per 1.00 per year...20 months or longer to pay... Only 
10% down ( or your trade-in as down payment) ... No finance 
charges if paid within 90 days...More flexible financing because 
the Henrys handle their own financing. 

Henry gives you bigger trade-ins... 
Henry...Ted and Bob... want to ¡rade ...' ill make you truly 
liberal allowances on your old equipment. Tell them what you want to trade. 

Henry 

Butler 1, Missouri 

ORchard 9-3127 

Reclico Stc;ores 
11240 West Olympic Blvd. 

Los Angeles 64, Calif. iIttrialle 

Ph: GRanite 7-6701 

BIG 
TRADE-INS 

"World's Larmest Distributors of hnrf 



Meter 
0.1 

Compact, lightweight and completely port-
able, these advanced grid-dip meters are 
extremely useful in determining resonant 
frequency (d. tuned circuits, antennas, trans-
mission lines, by-pass condensers and 
chokes. Measure inductance and capacitance 
and call also be used as signal generators, 
wave meters, frequency meters and in many 
other applications. Available in the fre-
quency ranges indicated. Special protective 
carrying case can be supplied for easy han-
dling of partial or complete set uf Megacycle 
Meters. 

Mc to 

NIODEL 59 0SCILLAT()It 
(Specific:ill:1ns) 

Frequency Range: 2.2 
Mc to 120 Mc milk 7 
plug-in coils 

Frequency Accuracy: 
(individually 

calibrated) 
Output: CW or 120- cy-

cle modulation. Pro-
vision fur external 
modulation. 

Power Sourer: 117 V, 
50-60 cycles, 20 watts 
(when used with Mo-
del 59 Power Sum Is 

Dimensions: 3-3, 
s 2" deep 

940.0 Mc 

MODLL 59 
(Power Supply) 

Power supply unit consists of full-wave 
rectifier with voltage regulator tube and 
meter indicating grid current. Designed 
for use with Oscillators shown below. 
Dimensions:5-!4;" x x 

t)sciLLATuR 
(Speciticat . s• 

Frequency Range: 100 
lie to I.5Kc with 4 
plug-in coils 

Frequency Accuracy: 
(individually 

calibrated) 
Output: CW or 120 cy-

cle modulation. Pro-
vision for external 
modulai' 

Power Source: 117 V, 
50-60 cycles. 3o watts 
(when used with Mit-
del 59 Pos,cr Supply) 

Dimensions: ;-.", x 

59-121iF OSCILLATOR 
(Stiecificationsl 

Frequency Range: 420 
Mc to 940 Mc in one 
range 

Frequency Accuracy: 
1.-11,;1 ( individually 
calibrated) 

Output: CW or 120 cy-
cle modulation. Pro-
vision for external 
modulation. 

Power Source: 117 V, 
511-60 cycles, 30 watts 
(when used with Mo-
del 59 Power Supply) 

Dimens•  3 3/fi" 
I-5/0" x 

smag 

Write for free, 

illustrated catalog 

cu um "Jr u labia 

cs 1 t ta 

(Model 162-R) 

An estremely ,, r• rument f.“.• 
providing' reliable soliasie and resist-
ance measurements in laboratories. 
production lint, : mil service shops. 
Advanced design periiii"› the instru-
Merit s its,' in either a hori,ontal 

iea I i.esi I ion i oà,11 button, 

provide direct L.XN1r1C.S1 ACCESS to 
:all functions find rilliges to reduce 
operator error and fat g I ighlY 

IleVelOPed. 11:11:1I11,1i degenerative am-
plifier provides stable zero and good 
overload protection. Single serii eim-
trol for sIl ranges. Fully insulated 
A-C probe pt'es ent s short circuits and 
corm ailment pro, ides lead and ( mob,: 
storage. Large. illuminated meters 
permit direst. easy readings. 

SPECIFICATIONS 
AC Voltage Range: Six ranges; 1, 3, 

10, 30, 190 and 300 runs volts full-
scale. Diode probe is peak read-
ing. AC scales are calibrated to 
indicate no , , altie of a sine wave, 
or 70.7'; ief peak value. 

DC N'ollage Range: l• : i. 10. In, 1110, 
300 and 1000 positko and :tent,-
five volts full-sea is. 

Ohms Range: 0.2 ohms to 500 meg-
ohms in 7 decades with 10. DM, 
1,000, 10.000. 100,000 ohms, 1 
megohm and 10 megoluns mid-
scale reading. 

Voltage Accuracy: Better than 
of full scale. 

FrequenrY ResPonse: [Mon less than 
1 dh at 20 cps. Resonant fre-
quency of probe with input ter-
minals shorted is 350 Mr. 

Input Impedance: ( a) .AC—Input cap-
acitance is approximately S uuf; 
input resistance is approximately 
3 megohms at low frequencies. 
(h) DC—Input resistance is 100 
megtihms for all ranges. 

Power Supply: 117 volts, 50-60 cycles, 
15 watts. 

Dimensions: Case 10" high x 6" wide 
x 6" deep. 

Weight: Approximately s pounds. 

MEASUREMENTS 
A McGraw- Edison Division 

BOONTON, NEW  JERSEY 
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RCA Tubes and Harvey Service... 
For Double Dependability! 

AUTHORIZED 
DISTRIBUTORS 

HARVEY's line of RCA tubes is so complete, that HARVEY 

can fill virtually any requirement ... right from stock ... and 

deliver at almost a moment's notice. 

This is particularly important to AM, FM, and TV Broad-

casters, Industrial and Commercial users, Amateurs, and 

Service-Technicians, all of whom depend on tubes for sus-

tained operation of important electronic equipment. 

Write, Wire or Phone for 
PROMPT HARVEY SERVICE 

1 WI //girrey's Yen Ham Ra-
dio Ceisieri The lidvst (rod 
best hum eefir Ott 
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air dux 
VSTCDT.11•TD COILS 

Two coils required. 
Coax connector not included. 

EXPORT Jr, 

air dux" BALUN 

Unbalanced coax lines used on most trans-
mitters can be matched to balanced lines 
of either 75 or 300 ohms impedance by 
using the B2009 air dux coils. May be 
used with transmitters and receivers with-
out adjustment over the frequency range 
of 80 through 10 meters, and will handle 
power inputs up to 200 watts. 

B2009 Coil with hardware 

MB2009 Mounting plate 

Standard Air Dux! 

A wkle selection is 

available from Jobbers 
nationally. 

2 new pi dux assemblies 

The 500 and 1000 watt pi dux assemblies 
are compact yet conservatively rated. The 
high frequency coil sections are silver 
plated for high tank circuit efficiency. A 
complete techrical sheet is included with 
each assembly. 

»195-1 500 watt pi dux Assembly 
1 KW pl dux :195-2 1 KW pi cux Assembly 

Indented pl dux" 
Wire Length L 

Cat.No. DI. TPI sue of Cod Ah. 

816A 1 16 18 3°, 18.0 
1014A 14 18 2253, 18.3 
1212A 1' 3 12 16 234 18.3 
1411A 1°. 11 14 2s¡ 18.0 
1609A 2 9 14 3 18.1 

2007A 2, 7 12 3',i 18.6 
2406A 3 6 10 3s,,,, 18.7 

van-pitch pi dux' 

820010 1 20 & 10 18 18.0 
121206 1', 12 & 6 14 3131, 18.6 

160806 2 81.6 12 4 8 181 
200805 21, 81.5 12 3°, 18.2 
240804 3 81.4 10 334 18.6 

(. 

usiness!We 

now supply o majority of 

We air wound coils used 
by leading equipment 

manufacturers. 

CANADIAN REP 

plastic 

Illumltronlo has the 

most complete line 

of PLASTIC ROD, 

TUBING and SHEET. 

Also HARNESSING 

and CABLING 

materials: 

ZIPPERTUBING 

SPIRAL WRAP 

SPIRAL COVER 

VINYL SLEEVING 

LACING CORD 

CABLE CLAMPS 

engineering 
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RADIO SHACK DELIVERS ... fast . . . to Boston, Boise or Bombay . . . from one of America's newest, 
most modern warehouses! Orders received, processed, packed, checked and 
delivered to shipping department in 20 minutes average time! All orders shipped 
same day. 

UP TO $5001N HAM GEAR 
Hallicrafters, National, Gonset, Collins, Hammarlund 
or any of the dozens of other names you know and 
respect as the finest in the field! 

FOR '10 DOWN 
via a fabulous new Radio Shack Time Payment Plan that lets you buy the ham 
gear (or any other type of electronic equipment) you've always wanted for as 
little as $2 down _ 

P.S. TOP TRADES, TOO! 
Fill out the coupon now. We'll quote you the kind of jumbo trade-in allowance 
we're known for throughout the ham world! 

AMATEUR MINIMUM 

NET DOWN PAYMENT 

$20 to $50 
$50 to $200 
0 to $500 

Only $2 down 

Only $5 down 
Only $ 10 down 

Over $500 — Write for terms 
UP TO 24 MONTHS TO PAY 

FREE 
RADIO SHACK CORPORATION Dept. RA H-60 
730 Commonwealth Avenue, Boston 17, Mass. 

BARGAIN CATALOGS Please quote allowances on the following equipment 
I would like to trade: 

12- month subscription (Include name, model #) 

yours FREE. Page after   
page, month after month,   
famous Radio Shack Bar- Name   
gain Catalogs give you first Address   
crack at exclusive scoops in City  Zone  State   

ham gear, hi-fi equipment, 
optical goods, etc. Check 
coupon now. 

GIANT 1960 ELECTRONIC GUIDE 

Over 4o,060 items, plus articles, etc,, in 
the biggest, most costly handbook we've 46- à.-
ever produced! 312 book-size x 11 CI 
pages crammed with illustrations, engi- e 
neering data, charts, complete product "--
specifications. Practically an electronics - 
education! Only 35e. e 

D Send FREE Bargain Catalogs 
Send 1960 Electronics Buying Guide @ 35c 

0 Cash G Check D Money Order 

RADIO SHACK 
CORPORATION 

167 WASHINGTON STREET, BOSTON 8, MASS. 
730 COMMONWEALTH AVENUE, BOSTON 17, MASS. 

230-234 CROWN STREET, NEW HAVEN 10, CONN. 
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TACO telemetering antennas for all 
commercial and militay needs. 

-est Site where TACO antennas are developed ard perfoiimance tested' 

II LICID 
Neaetee ,ettiegeta4 
...for here is an organization of engineers, tech-
nicians and skilled craftsmen devoted to the 
single purpose of conceiving, developing and 
manufacturing fine antennas and antenna sys-

tems for every military, 
industrial and home en-
tertainment need. The Doploc antenna system for track-

ing orbital bodies. Designed, pro-
duced and installed by TACO. 

TV antennas and acces-
sories available in a va-
riety of models. 

High- gain, rugged ham 
beams for the 6 meter, 
2 meter and 11/4 meter 
bands. 

FM antennas for Uni-
directional and Omni-
directional reception. 

WRITE FOR COMPLETE DETAILS, STATING ANTENNAS OF INTEREST. 

TECHNICAL APPLIANCE CORPORATION Sherburne, New York 
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HAMMARLUND HAS IT! 
And ARROW Has Hammarlund! 

Hammarlund Model HQ-145 

The HQ- 145 is feature-full and works like a charm. Covers 
.54-30 mc, double conversion from 10-30mc. Flas crystal 
filter and the well-known Hammarlund 60 db slot filter. 
Electrical bandspread is provided with calibrated mark-
ings on the 80, 40, 20, 15 and 10 meter bands. Ex-
tremely stable, incorporating voltage regulation and 
temperature compensation. 

Amateur Net  $269.00 
Amateur Net (With Clock)  $279.00 

Hammarlund Model HO-170 

All the best features of the finest SSB converters, plus the 
best features of the finest amateur receivers wrapped up 
in a single, outstanding receiver. Covers the 6, 10, 15, 
20, 40, 80 and 160 meter amateur bands. Separate ver-
nier tuning. Dual and triple conversion 17-tube superhet-
erodyne. Adjustable 60 db notch filter. IF passband 
tuning. Adjustable AVC. 

Amateur Net  $359.00 
Amateur Net (With Clock)  $369.00 

Hammarlund Model HO-180 

SSB, full coverage—.54 to 30 MCS. Band spread cal. for 
80, 40, 20, 15 and 10 meter bands. Triple conversion 
18-tube superhet. with ANL and AVC adjustable 60db 
notch filter. Separate linear detector. Tuned IF amp. 
with 7 selectivity positions. Selectable upper, lower or 

both side-bands. ± 2 KCS BFO control. Built-in 100 KCS 
xtal cal. Dial scale reset. 

Amateur Net  $429.00 
Amateur Net (With Clock)  $439.00 

Hammarlund Model HO-110 

Dual conversion, 12 tube superheterodyne. Full coverage 
of 6, 10, 15, 20, 40, 80 and 160 meter amateur bands. 
Built-in crystal calibrator. Q- multiplier. Separate linear 
detector for SSB and CW. Separate stabilized BFO. 

Amateur Net  $249.00 
Amateur Net (With Clock)  $259.00 

Hammarlund Model HQ-100 

The hottest, fastest selling general coverage receiver on 
the market! Continuous tuning from 540 KCS to 30 MCS. 
Electrical bandspread tuning. Q multiplier for continuously 
variable selectivity, 10-tube superheterodyne with auto-
matic noise limiter. 

Amateur Net  $189.00 
Amateur Net (With Clock)   $199.00 

AUTHORIZED DISTRIBUTORS OF ELECTRONIC PARTS St EQUIPMENT 

Arrow's Export Dept. Ships To All Parts Of The World 

ARROW LECTRONICS, INC. 

65 Cortlandt Street, New York 7, N. Y. • Dlgby 9-4730 

525 Jericho Turnpike, Mineola, N. Y. • Ploneer 6-8686 

FR EE Send your QSL for 
FREE HAM BAND CHART 

Trade-ins Welcomed 
Your old equipment is worth 
money at Arrow. Get Arrow's 
deal before you buy. 
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COMPLETE OUTFITTERS 
FOR THE 

I HAM 

I COMMUNICATIONS 

I ELECTRONIC 
ENGINEERS 

• 

EUGENE G. W ILE 
218-220 South 11th St. Philadelphia 7, Pa. 

WAlnut 3-1343 

Distributors of 

Nationally Advertised Lines of 

RADIO, TELEVISION and ELECTRONIC Parts 
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The specs are the proof... 

now your best buy 
in ham equipment is 

.U.S. Pat. No. ID- 181,77i. 

90-WATT CW 
TRANSMITTER' 

720 

KIT $79.95 WIRED $ 119.95 

Conservative, highly efficient design plus stability, safety, and excellent parts quality. Covers 80 thru 40, 20, 15, 11, 10 
meters (popular operating bands) with one knob band-switching. 6146 final amplifier for full "clean" 90 W input, protected 
by clamper tube circuit. 6CL6 Colpitts oscillator, 6A05 clamper, 6A(15 buffer-multiplier, GZ34 rectifier. "Novice limit" 
calibration on meter keeps novice inside the FCC-required 75W limit. No shock hazard at key. Wide range, hi-efficiency 
pi-network matches antennas 50 to 1000 ohms, minimizes harmonics. EXT plate modulation terminals for AM phone modu-
lation with 65W input. Excellent as basic exciter to drive a power amplifier stage to maximum allowable input of 1KW. 
Very effective TVI suppression. Ingenious new "low silhouette" design for complete shielding and " living room" attrac-
tiveness. Finest quality, conservatively rated parts, copper-plated chassis, ceramic switch insulation. 5" H, 15" W, 91/2 " D. 

NEW UNIVERSAL MODULATOR-DRIVER . . # 730 
KIT $49.95 WIRED $79.95 Cover E-5 $4.50 

:luperb, truly versatile modulator at low cost. Can deliver 50 Watts 
of undistorted aud.o signal for phone operation, more than sufficient 
to modulate 100% the EICD o 720 CW Transmitten a- any xmitter 
whose RF amplifier has a plate input power of up to 100W. Multi-
match output xfm, matches most loads between 500.10,000 ohms. 
Unique over.modulation indicator permits easy monitoring, preclude, 
need for plate meter. Low level speech clipping and filtering with 
ueak speech frequency range circuitry. Low distortion feedback 
',intuit, premium quai ty audio power pentodes, indirectly heated 
'edifier filament. Balance 8, bias adjust controle. Inputs for crystal 
or dynamic mikes, etc. Excellent deluxe driver for high.power 
class B modulation. ECC83/ 12007 speech amplifier, 6015 speech 
clipper, 6AN8 amplifier delver, 2.EL34/6CA7 power output, EM84 
aver. modulation indicator. 6134 rectifier. Finest quality, conser-
ea:ively rated parts, copper plated chassis. 6" H. 14" W, 8" D. 

NEW GRID DIP METER   =710 
KIT $29.95 WIRED $49.95 including complete set of 

coils for full band coverage. 
Etceptionally versatile, stable, rugged, compact. Basically a VFO 
with a microammeter in its grid circuit: determines frequency of 
other oscillators or tuned circuits; sensitivity control and phone 
jack facilitate " zero beat'' listening. Aso excellent absorption wave 
meter. Ham uses: pretuning and neutralizing antlers. power indica-
tion, locating parasit c oscillations, antenna adj.. correcting Tart, 
general debugging with emitter power off, determining C.1.0. 
E ectranic servicing uses, alignment of traps, filters. IFS, peaking 
cempensation networks: as signal or marker generator. Easy to hole 

thurnb.tune wit., one hand. Continuous coverage of 400 kc.230 rnc 
(broadcast. FM, ham, TV bands) in 8 ranges with p•e•wound coils of 
0.5% accuracy. 500 ua meter movement. 60F4 Al or 614 Colpitt, 

oscillator. Xmfr operated selenium rectifier. 2I,‘" H. 2';" W, 6'," L. 
u Brshed satin derio•etched aluminum panel; grey wrinkle steel Paso 

NOW IN STOCK! Compare & take them home—right 
"off the shelf"—from 1500 EICO 

distributors in the ;IS. and Canada. 
These world-famous EICO advantages underwrite your 

complete satisfaction . . . 
1. Guaranteed easy step-by-step instructions and pictorial 
diagrams. 2. Guaranteed finest quality components. 3. Caii-
bration and service guaranteed for the LIFETIME of your 
instrument. 4. Advanced engineering: the best that is per-
formance-proven integrated with the best of the "latest 
state of the ar'.." 

?e EICO 33-00 Northern Blvd., 
Long Island City 1, N. Y. 

Over  1 MILLION EICO instruments in use throughout the world 

lo the West add 57. 

EICO, 33-00 Northern Blvd. RAH-60 
L. I. C. 1, N. Y. 
Show me HOW TO SAVE 50% on 60 
models of top-quality equipment On 
box I have checked here: D  HI-Fl 
D TEST INSTRUMENTS D HAM GEAR). 
Send FREE literature and name of 
neighborhood EICO dealer. 

Name  

Address  

City  
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FEATURES 

* HIGH PERFORMANCE ... meets "split 
channel" technical requirements, all FCC 
and FCDA requirements. 

* FULL POWER OUTPUT . . . 35 Watts 
in 25-50 Mcs. 25 Watts in 144-174 Mc,. 

* BUILT-IN RELIABILITY... Preproduction 
Models field tested in 5 states and 3 
foreign countries before starting pro-

duction. 

*SMALL AND LIGHT WEIGHT...Chess s 
in case 13"x9?6"x5 1/2 ". Control-power 

Supply-Speaker case 5"x5"x33i'6". Com-
plete Mobile installations 24 lbs. 

* EASY TO INSTALL . . "Two-unit" 
package so small most installations 
are under dash. 

* LOW COST ... Complete 
mobile package 

$398 f.o.b. factory 

MCI 

aft: 

DESIGNERS AND MANUFACTURERS OF RADIO COMMUNICATIONS EQUIPMENT 

RADIO 
communicutioni equipment 

VHF-FM FOR: VHFAM FOR: VHF 
MOBILE 

AIRCRAFT 

MARINE 

MOTORCYCLE 

PORTABLE 

BASE 

AIRPORT VEHICLES 

GROUND STATIONS 

,POINT-10-POINT 

ANTENNAS 

REMOTE CONTROLS 

ACCESSORIES 

COMCO'S ALL NEW 

"580 FLEETCOM" 
Vilf-FM MOBILE RADIO 

* EFFICIENT... Transistor power 
supply gives high efficiency. Total 
standby drain 5.25 amp. 
* INTERCHANGEABLE CHASSIS 
. . . Mobile transmit-er.receiver 
chassis instantly interchargeable 
with base stations in 

simplex systems. 

ATTENTION DEALERS! 
;Trite for available territories. 

-eree- • 

The new "580" is compact, 

light weight, has high per-

formance, and features an 

original concept in Mobile 

equipment packaging by 

combining the control head, 

speaker, and transistorized 

power supply in one small 

easily mounted case assem-
bly. 
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FOR GREATER VALUE 

THRU HIGHER TRADES 

Trade Now on the Gear that's heard 

around the World hanicraffers 

SX-111 NEW LOW COST RECEIVER— 
Duzi) ssit 
option. Complete coverage of 80. 
40, 20. 15 and 10 meters in 5 sepa-
rate bands plus 6th band tunable 
to 10 Mc for WWV. Upper/lower 
sideband selection. Sensitivity: 1 
microvolt on all bands. 5 steps of 
selectivity. 500 to 5000 cycles. Fam-
ous Tee-fy.f,tch filter. Calibrated S-
meter, series noise limiter. Built-in 
crystal cal i brat or. 
98E066. NET 249.50 

HT-37 — New SSB and AM TRANS-

MITTER VFO with double reduction 
disc drive. lixed 'C.C. Sideband Sup-
pression 40db. 70-100 watts P.E.P. 
output CW or SSE). 17-25 watts car-
rier on AM phone. Two 6146's in 
the final. 3rd and 5th order distor-
tion products down 30 (lb. Carrier 
suppression : 10 db, or better. CAL 
System : Instant CW CAI. signal 
from any transmission mode Con-
vection cooling. Size: 91 )" 11. 15 1," 
W. 16 11" 

98F067. NET 450.00 

SX-101A-MARK III-7 Band Receiver 
16o-lu nu•ter.:. Slide rule dial with 
10:1 tuning knob ratio. Full gear 
drive. 1111ilt-n 100 ke. crystal cali-
brator. Precision tompeniture com-
pensation plus heat cycling for low-
est drift. second conversion oscilla-
tors crystal controlled. Sensitivity 
--one uv or less. Dual conversion. 
upper-huver side band selection ... 
Selectivity 5 kc to 500 cyeles at 6 db 
down. Tee-netch litter. 

 399.50 98F037. NET 

HT-37A —SSB-AM AND CW XMITTER 
80-10 meters. f :ear driven VFO with 
calibration - 200 cycles all bands. 
plus crystal controlled high freq. 
heteri.dynes oscillator. 5 mi' crystal 
filter › uppresws unwanted sideband 
50 ,ir moce. On AM 18 111 side-

nds are transmitted. Built-in 
voice ,,,nt rol system. Full TV) sup-
pressi:m. filtering for control cir-
cuits and AC power line. Size: 2o" 
W x -110 ," II x 17" D. Shpg. Wt. 
85 lbs. - 

98F043. NET. 

MODEL R-47 Matching 4" speaker for all recei ,ers. 
3.2 ohm output. Response 300 to 2850 cps. 

98E046. NET  12.95 

Here's the Deal on Trade-ins! 
Write to Ham Shack today at NewarK-223 West Madison 
St., Chicago. Ask about Newark's Convenient Time Pay-
ment Plan. Your trade-in can serve as down payment, 
balance in easy monthly payments. 

Dept. T-12, 223 W. Madison Street 

Chicago 6, Illinois 

 695.00 

SX-100 Itand Receiver — dual 
rm. With 538-1580 ke and 

1.7-31 mc coverage. ' Upper-lower-
SS I: su' l',•tion. plus notch filter re-
ject unwanted heterodynes. Selec-
tivity variable in 5 steps: 5 ke to 
500 cy cles. Built-in 100 kc, erystal 
calibrator. Sensitivity' less than 1 Liv 
on all bands. Trimmer compensates 
for various impedance antennas. 
181 ," W, 9" It 11" D. Less speaker, 
12 lbs. 

98F034. NET  295.00 

HT-33A LINEAR AMPLIFIER—Compan-
ion unit for IIT-32 and I-IT-37. A 
1'1.-172 pentode operating Class All) 
provides excellent stability. higher 
efficiency and greater In erload ca-
pacity. 50-75 ohm resistive input 
requires no tuning or neutraliza-
tion. One knob bandswitching 
tbru 10 meters. Metered circuits 
include grid, screen, cathode cur-
rent - plate voltage. R. F. output 
tuning indicator. Variable pi net-
work output. 

 795.00 98F061. NET 

F.O .B. Chicago, include shipping and Atsuranee. 

Yours, Free—Big New Catalog! 
Here is the biggest Newark Catalog ever! 404 pages 

packed from cover to cover with the newest and finest 
equipment in Amateur, Electronics, and Radio-TV. Write 
for your FREE copy today. 

at3W7i\ny-tr Dept. T-12, 4747 W. Century Bind. 

Inglewood, California 

ELECTRIC COMPANY 



FROM WORLD'S LEADING MANUFACTURER OF HIGH SPEED MORSE TELEGRAPH EQUIPMENT 

MODERN 
EQUIPMENT 

FOR 

LEARNING CODE 

PERFORATORS 

TRANSMITTERS 

It'KERS, ETC. 

GN.T. Works 

are the wo-Id's largest suppliers 

of equip,-nent for Nigh Speed 

Automatic Morse Transmission 

COMPLErE MODERN LINE 

including: 

Keyboard Perforators, 

Reperforators, 

Transmitters 

Ink Recorders ( Undulators) 

Printers 

Code Converters 

& Associated Equipment 

MORSE 
INKER 
GNT-1532 

4111. 
Especially designed for training 

purposes 

Ideal for learning Morse Code 

Improves your speed and quality 

of Morse Keying 

Has transistor amplifier- rectifier 

Operates from tone frequency signals 

or directly by Morse Key 

Tape speed variable from 

3 to 12 ft, min. 

G. N. T. offers a complete line of 

equipment for training Morse 

operators including: 

Keyboard Perforator GNT-50 

Automatic Tape transmitter GNT-113 

Morse Inkers and Hand Keys 

For complete detailed information, 

write to: 

TELCOLAB CORPORATION 
CHRYSLER BUILDING, NEW YORK 17, N. Y. 

U. S. Representatives of: 

GREAT NORTHERN TELEGRAPH WORKS 

COPENHAGEN - DENMARK 
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IF GONSET MAKES IT... 
ELMAR STOCKS IT! 

In Northern California...in the Bay Area.. long-experienced and 
newcoming amateurs alike have come to recognize Elmar Electronics 
as their best source for Gonset products. 

As one of the very largest electronic suppliers to Elmar is one big store where you can expect--
amateur, industrial, O.E.M. and R&D, Elmer and receive—courteous, friendly service., here 
stocks the Gonset line in depth—just as they every purchaser...even the smallest, 
stock ovér 200 other nationally known lines, is ten feet tall! 

Serving the 11 Western States... 

GET YOUR GONSET MSB-1 MOBILE 

SSB TRANSCEIVER AT ELMAR 

Features: 125 watts P•le-P. illPut • • • uPPer and linver sideband 
and C:\V. . . all baud opuration ... through SO tinders 
high stabilitY V1'.() • • • V()X • • • 1)11,11-10-talk Pro,iinns • • • 
recciNcr scusiti‘it bcttur than 1 micro\ ... inc lund-paSS 

hltur for u‘cullvid traomoilliou: awl rucuk ing 
. . . Ion kc cr)stal calibrator availablu accussor ... 12V 1)C 
powur supply is trdusistorizcd ... pouur supply tS . 11,(1 : I\ til-

"bk. \ IS 11-1 i"11). 5" High. 1 \ Vide 011(1 12- 1)(vP. 
but 15 panic l s .(' SS 1.. . .  lits conveniently under 
clash of car ... also makes t Iit slimving on any well-aPpointed 
operating desk. Get your at Elmar. 

Order by mail too...a complete, well staffed de-
partment gives prompt, efficient attention to your 
mail orders. 

Alaska,, . the Pacific Area. 
Phone Elmar... 

1.10 - 11th Street at Madison, Oakland 7, California 

TWX-0A73 W. C. FAX 

TEmplebar 
4-3311 



PENTA HIGH-EFFICIENCY 

POWER TUBES 

PL- 172 Beam Pelt° 

(1) 
PL-5C22/HT-415 

Hydrogen Thyratr 

Type 
Fil. 

Volts 

Fil. 
Current 
Amps. 

Plate 
Dios. 

Max. W. 

Plate 
Volt 
Max. 

Plate 
Current 
Ma., Max. 

Screen 
Voltage 
Max. Price 

de 

ql 

BEAM PENTODES 

PL-172*t 
PL- 175* 
PL- 177A° 
PL- 6549 
PL-4E27A 

6.0 
5.0 
6.0 
6.0 
5.0 

8.2 
14.5 
3.3 
3.3 
7.5 

1000 
400 
75 
75 
125 

3,000 
4,000 
2,000 
2,000 
4,000 

1000 
350 
175 
175 
200 

600 
800 
600 
600 

750 

$135.00 
50.00 
25.00 
25.00 

40.00 

TETRODES 

PL-4D21 (4-125A) 
PL-4D214 
PL-5022 (4-250A) 
PL-4-400A 

5.0 
5.0 
5.0 
5.0 

6.5 
6.5 
14.5 
14.5 

125 
175 
250 
400 

3,000 
3,000 
4,000 
4,000 

225 
225 
350 
350 

600 
600 
800 
800 

36.00 
37.50 
46.50 
48.00 

TRIODES 
(Grounded- Grid Types) 
PL-6569 
PL-6580 

5.0 
5.0 

14.5 
14.5 

250 
400 

4,000 
4,000 

300 
350 

ir 7_-_45 
p=45 

37.50 
45.00 

HIGH-VOLTAGE RECTIFIER 

PL-250R 5.0 10.5 ... 60,000** 250 ... 30.50 

HYDROGEN THYRATRONS 
(Low-Jitter Types) 

PL-5C22/H1415 
PL- 161 
PL- 165A 
PL- 174/6587 

6.3 
6.3 
6.3 
6.3 

10.5 
10.5 
7.8 

10.5 

... 

... 

... 

... 

16,000 
16,000 
12,000 
16,000 

325 amp 
325 amp 
225 amp 
325 amp 

... 

... 

... 

36.00 
48.0C 
48.0C 
48.00 

PL-4-4004 Tetrode 

PL-4E27A Beam 'Pentode 

PL-6549 Beam Pentode 

PL- 184 Complete 
Socket for PL- 172 

'Zero suppressor Voltage Type " Pectic Inverse Voltage Rating ttoternal Anode lype 

INSIST ON PENTA TUBES FOR LONG LIFE, HIGH QUALITY 

The reputation of Pesta power tubes for uniformly high quality, adherence to specifications, and 

exceptionally long life is the reason major electronic equipment manufacturers, amateurs and 

broadcast engineers insist upon them. Exacting quality control and life testing under conditions 
simulating actual use assure you of maximum performance and durability. Whether your require-

ments are for the new beam pentodes- for applications where superior linearity and low. distor-

tion at high efficiency are critical requirements- the new miniaturized hydrogen thyratrons - or 

the older conventional types - Penta is your logical source. 

ACCESSORIES 

Type 

PL-C1 
PL- 184 

PL- 184A 

PL-C184 

Description 

Glass Chimney for PL-4-400A and PL- 175 
Socket for PL- 172, including chimney, built-in screen-grid 
and suppressor-grid by-pass capacitors 
Socket for PL- 172, including chimney and built-in screen-grid 
by-pass capacitors. Suppressor-grid grounded. 
Plastic chimney, only, for PL- 172 

PENTA LABORATORIES, INC. 
312 North Nopal Street, Santa Barbara, California 

Sales Representatives in Principal Cities 

Price 

$ 6.00 
38.75 

38.75 

3.00 
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You Asked For It... Here It Is! 

COSIVIOPHONE "1000" 

- --
A A Self-contained 1 KW Transmitter- Receiver 
• A True Table-top Station with NO Sacrifice, 

of Performance 

SPECIFICATIONS 
TRANSMITTER 

INPUT: Full 1 kw on Voice Peaks (Meters Read 2500 V 
at 400 ma) into a pair of 4 x 300 A's 
UNWANTED SIDEBAND: 42 db down 
DISTORTION (SSB): Third order products approx. 32 

db down 

FREQUENCY STABILITY: Drift less than 100 cycles, 

CALIBRATION: Built-in 100 kc marker 
AUDIO CHARACTERISTICS: 200-3100 cps 

MIKE INPUT: High impedance 
VOX: Built-in 
LEVEL: Automatic lever control 

METERING: Screen, plate, and grid current, plus RF 
output 

RF OUTPUT 52 ohms 

VFO's: Dual VFO's permit transmitting on the receive 
or any other frequency 

CONTROLS: Vox, Qt, ALC, Grid Tuning, Plate Tuning, 
Antenna Loading, Audio Gain, Band Switch. Meter 
Switch 

RECEIVER 

SENSITIVITY: 1 microvolt for G db S/N 

SELECTIVITY: 3.1 kr. mechanical filter plus a T-notch 
filter 

STABILITY: Drift less than 100 cycles from a cold start 
at room amb.ent 

TUNING KNOBS: Coarse gear ratio of 20:1, fine gear 
ratio of 100.1 gives a 1 kc dial reading per division 

CALIBRATION: Built-in 100 kc marker 

IMAGE AND IF REJECTION: Better thar 50 db 

AUDIO DETECTOR: B3lanced detector for SSB and CW, 
diode detector for AM 

MODE SWITCH: Selects up or low SSB, or up low AM, 
or CW 

DUAL RECEPlION: Two VFO's permit reception of any 
two frequencies on ore band with the flier( of a 
switch 

BFO: Crystal contro?led 

METERING: S-meter 

CONTROLS: T-notch filter, audio gain, RF gain,antenna 
trimming, tune selector, phone jack, tune A and Et 

"The COSMOPHONE 1000—a ccrnplete Station, Rece ver, and Transrn.tter. 
Diment,ons: 17 nche5 wide, 12 inches high, and 15 inches deep. 
Power Supplies pacna.eed sepa-ately, can be placed under operat ng desk. 
Price: "The COSMOPHONE 1000" with Power Supplies.. $ 1,550.00. 

A Product of  Leir2  For additional information and dealer nearest you, write Dept. RAN-60 

COSMOS INDUSTRIES, INC. 31-28 QUEENS BOULEVARD 

Long Island City, N. Y. 
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Learn Code the EASY Way 
Beginners, Amateurs and Ex-
perts alike recommend the 
INSTRUCTOGRAPH, to learn code 

and increase speed. 

Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex-
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 

Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen-
tary, words, messages, plain language and 
coded groups. Also an "Airways - series for 
those interested in Aviation. 

MAY BE PURCHASED OR RENTED 

The INSTRUCTOGRAPH is made in sev-
eral models to suit your purse and all may 
be purchased on convenient monthly pay-
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting you should decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 

ACQUIRING THE CODE 

It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to -Acquire 
the Code, - or, in other words, learn teleg-
raphy either wire or wireless. The In-
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 

BOOK OF INSTRUCTIONS 

Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph's -Book of 
Instructions - does. It supplies the remain-
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few -short cuts - known to experi-
enced operators, that so materially assists 
in acquiring the code in the quickest pos-
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 

MACHINES FOR RENT OR SALE 

..7he ,_9rtitruclograph, 

ACCOMPLISHES THESE PURPOSES: 

FIRST: It teaches you to receive telegraph symbols 

words and messages. 

SECOND: It teaches you to send perfectly. 

THIRD: It increases your speed of sending and 
receiving after you have learned the code_ 

With the Instructograph it is not necessary to impose 
on your friends It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 

Postal Card WILL BRING FULL PARTIC-
ULARS IMMEDIATELY 

THE INSTRUCTOGRAPH CO. 
4707 SHERIDAN ROAD CHICAGO 40, ILLINOIS 

357 WEST MANCHESTER AVE. LOS ANGELES 3, CALIFORNIA 
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CALL ALBANY HE 6-8411 Cable Address " Uncledave"  NITES 77-5891 

BEFORE OR AFTER YOU EARN YOUR TICKET, REMEMBER: 
COME TO UNCLEDAVE FOR ADVICE-COME TO UNCLEDAVE 
FOR BEST PRICES ON TOP LINES! 

FREQUENCY 

HALLICRAFTER MODEL 5X-110 
COVEqAGE: 

broath.-ast Bard 5.38.1t.l• plus 

three short-wave baads ctners 

1550 kc-3-1 

FEATURES: ruk aantiltread dad ,alihrated for 80, 40, 

15 and 10 meter amateur bands and 11 meter zitikens' 

Separate bandspread tuning condenser, cryst.,/ filter, 
antenna trimmer, " S" Meter, one r- f, 

two stages. $159.50 

HALLICRAFTER MODEL HT-32-A 
FEATURES: 5.P Inc. quartz cr,..tal filter - reject ton 50 ills. or more. Bridged- tee sialehand 
modular., ilirect ritatling sir 1,SIOCSTICS 10 le, than 300 cycles from reference point. 
144 wails plate input , 1'.h .l'. Roi-tons'). Five hand output ( 80, 40, 20, IS, 10 meters). Al' 
modes « si Iranian ssiiiii .N N1, S.S.B. Unwanted sidebars(' tlown 50 « lb. or more. Dis-
tortion products down ill .ib. or more. Carrier suppression down 50 «lb. or more. Both side• 
bands transmitted on .\\ I. Prt,ts.  gear &two Hallicralters patented 
nit suit selection. logarithmic meter for accurac> inning .and carrier level adjustment. 
Peal C11 keying and break-in operation. Full soir, control system 
Imill In. $695.00 

HALLICRAFTER MODEL 5X- 101-A 
FEATURES: Cuittu!'! I, ,i),•r.t.u, or . 1, hall) 1,111.1, 11,0, ›M, 10, 20, I It: lilt -Wits. Large 
-,'rrle ride rhat. liAnd-us-use scales individually illuminated. Illuminated S r.r. rey. Dual scale 
• Meier. S- slitter atro 1101111 illdepelltiellt Sellsilislts. conlroL S-meter 11111, I I.01S with . 

Sp,1:11 10 NI, posttlon for WWV. Dual comet-toots. Exclusive Ilallieraliers upprr-lower 
-lu- band select icti. Secrind conversion iiscillarrirs quartz crystal controlled. Tee- notch filter. 
bull gear , Irise l'otin tuning knob to gang condensers— absolute -10:1 tuning 
knob ratio. Built in precision 100 In aciiated marker cr>sual. Vernier pointer adinstment. 
Five steps of select Is I t y from 500 cyclrx to 5000 cycles. Precis.  tempera tor on trmsation 
Plus e‘s.10 ,̀1,, Pr‘. 111clion healsse hug for ltocesi drib-

!nutter tot ---------- -: $399.50 

HALLICRAFTER MODEL 5-107 
COVERAGE: S:.1,1.!.11-.1 IttonLis. trout 540.1biti 
,•luis htur short wave bands over 2.5-31 :Intl •18-54.-:, 

I etemethate frequemy: $94.95 

HALLICRAFTER SPEAKER 
MODEL R-48. Latest design use. new 

assembly. Alnico V 3.1, 
_-net has fully saturated air gus for excett-

,nal damping, distortion-free response. Switch 

• rear for selection of music or voice response. 
•e with SX-101A, SX-100, SX-110, SX-62A, 
any receiser with 3.2 ohm outrait. Gray steel 
." high x 1.3!.'," wide x 8!;" deep cabinet. 

Shipping weight 
tmproximately 9 lbs. $19.95 IM FREQUENCY COVERAGE: Broadcast band 538-1600 kc plus three S/W hands 1550 kc-

34 mc. 
FEATURES: Slide rule bandspread dial cali-
brated for 80, 40, 20, 15 and 10 meter ima-
teur hands and 11 meter citizens' band. One 

r-f, two i-f and separate bandsprcad tuning 
condenser. Temperature compensated ose ' Hater 
and built-in 
weaker. 
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WE SPECIALIZE IN FOREIGN TRADE 

MODEL S-108 

$129.50 

TIME PAYMENTS 

18 Months to pay bee 

insutonce or no extra Cost 

24 HR. SERVICE 
on stock items 



BUTTON MICA' 
CAPACITOR 

370FA (CB 2IP) 

PAC 
712-010 

DISC CERAMICON 
811 

C-42 RESISTOR 

ROTARY SWITCH 
3612-02 

• • 
e 

Ri 

GLASS 
CAPACITORS 

CV 15 

CERAMICON TRIMMER 
503 (CV 11) 
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CYF 

DIODE IN 34 A 

TERMINAL STRIP 

WITH ONE-SOURCE 

PICKUP AT YOUR 

ERIE DISTRIBUTOR 
For radio work or radio fun, the one 
place to go for a complete selection of 
electronic components is your Erie 
distributor. 

The man behind the counter can 
recommend just the right parts from 
his complete stocks of all Erie Resistor 
products as well as complete lines of 
Corning and Grigsby components.These 
include: 

Erie diodes, ceramic and silver mica 
capacitors, disc ceramicons, feed-thru 
ceramicons, PAC's, tubular trimmers, 
ceramicon trimmers and terminal strips. 

Corning fixed glass capacitors, glass 
trimmer capacitors, and glass resistors. 

Grigsby rotary and lever switches. 

If you do not know your local Erie 
distributor, write to us direct. 

Electronics Distributor Division 
ERIE RESISTOR CORPORATION 

Erie, Pennsylvania 

ERIE 



Talk To Terminal... 

about Ham Equipment 

... and when you talk with us, in person or by 

mail, you will discover we have a genuine 

interest in hams and ham radio. (As a matter 

of fact, you'll find us steeped in ham radio 

right up to our earphones.) Whether you're a 

novice or an oldtimer, you'll enjoy talking with 

the many hams on our staff — W2FZ, W2AQA, 

W2BUS, W2JBA, W2MKH, K2VVV, K2VBD, to 

name a few. They'll show you the top ham 

equipment values...all name brands in stock, 

ready for immediate off-shelf delivery to save 

you time and money: 

RCA • Hammarlund • National • Hallicrafters 

• Gonset • UTC • Johnson • Millen • Triad • 

Ohmite • Eimac • Shure • Advance • Bud 

• Stancor • Thordarson • Triplett • Mallory • 

Astatic • Simpson • Barker & Williamson 

• and hundreds of others. 

Talk to Terminal 

About Everything in Electronics... 

Ham equipment, industrial equipment, high 

fidelity. ... Terminal has the fullest selection 

of name brand products that you'll ever want 

to see ... Talk to us first —find out about the 

dollar-saving advantage of Terminal's "Off-

Shelf Delivery" on ham and industrial ma-

terials ... ask about our famous "P.D.Q." 

(Package Deal Quotes) on hi-fi equipment... 

and when you do talk to us you'll find friendly, 

informed men who speak your language. One 

phone call, one order, one source for all your 

electronic procurements ... You can always 

depend on Terminal for your best deal. 

Talk to Terminal Today... 

_ 

AMECO CODE COURSES 
4,--.-.»..!..... 

_.....-c o  

Pass FCC Exams 

This Easy, Proven Way 
For Ham Radio...for your career in communications 
... pass FCC commercial and amateur code exams 
and amateur theory exams. Learn code and theory 
this fast, easy, inexpensive way... study at home 
with unbreakable phonograph records. 

No. 1 — Novice Code Course. You get and keep al-
bum of 10 recordings (through 8 w.p.m.), sample FCC 
type code exams, instruction book, charts to check 
your receiving accuracy. All for only: 45 rpm $5.95, 
331/3 rpm $4.95, 78 rpm $6.95. 

No. 2 — Senior Code Course. Everything in the Novice 
Course — plus. 22 recordings (through 18 w.p.m.) and 
typical FCC type code exams for both General and 
2nd class commercial telegraph licenses. 45 rpm 
$10.50, 331/3 rpm $9.50, 78 rpm $11.50. 

No. 3 — Advanced Course. Prepares Novice operators 
for Amateur General class and Second class com-
mercial licenses, 12 recordings (8 through 18 w.p.m.) 
plus the complete code book, typical FCC code exams. 
45 rpm $4.95, 331/3 rpm $4.95, 78 rpm $5.95. 

No. 4 — Complete Radio Theory Course. Covering the 
Novice, Technician, Conditional and General classes 
— all under one cover — with nearly 400 typical FCC 
type questions. Simple ... no technical background 
required. Also, free, a guide to setting up your ham 
station. For the amazingly low price of $3.95. 

No. 5 — Radio Amateur Questions & Answers License 
Guide. A "must" if preparing for Novice, Technician 
or General class exams. Approx. 200 questions & an-
swers (mostly multiple choice) similar to ones on FCC 
exams, plus 2 sample FCC type exams. Other ques-
tions arranged by subject for easy study. Only 50e 

DELUXE CODE PRACTICE OSCILLATOR 
In Kit Form or Wired Produces a pure, steady tone with 

no clicks or chirps. Built-in 4 inch 
speaker. Takes several headphones 
or keys. After code has been 
learned, the oscillator is easily con-
verted to a fine cw monitor. Has 
variable tone control & volume 
control. Sturdy, grey hammer-tone 
cabinet. 

Kit, with instructions. less tubes 
(Model CPS-KL)  $11.95 

Kit, complete with tubes (Model 
CPS-KT)  $13.75 

Completely wired & tested, less 
tubes (Model CPS-WL)  $13.15 

Completely wired & tested, with 
tubes ( Model CPS-WT) $14.95 

.0 • • •••••4'e 
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TERM I NAL 
RADIO CORPORATION 

85 Cortlandt St., New York 7, N. Y. 

WOrth 4-3311 • Cable TERMRADIO 



International Rectifiers 
SELENIUM • GERMANIUM • SILICON 

Ratings: 25 to 156 volts AC, SO to 1,200 ma. BC 
The widest range in the industry! Desigmel for 
Radio, Television, TV booster, UHF converter 
and experimental applications. Input ratings 
from 25 to 156 volts AC and up. DC output 
current 50 to 1,200 MA. Write for application 
information. Bulletin ER-1711-A 

NM 0 VOLTAGE VARIABLE CAPACITOR 

RatlngB O of 1000, 200 Ply OC 
Sendcap's small sire, light weight, high relia. 
bility and low power requirements make it 
ideal for automatic frequency control. fre-
quency modulation oscillators and filter 
networks. All-welded hermetically sealed, 
shock-proof housing. Request Bulletin 51t405. 

SUB MINIATURE SELENIUM DIODES 

Ratings: 20 to 160 volts • 100na to 11 ma. 
Ideal components for bias supplies, sensitive 
relays, computers etc. High resistance, ( 10 
megohms and higher at —10 volts). Excellent 
linear forward characteristics. Extremely small, 
low in cost. Encapsulated to resist adverse 
environmental extremes. Specify Bulletin SD-il, 

o world of difference 

\ through research! 

SD 500 KIT, TV REPLACEMENT 

All purpose silicon replacement kit of 
fers radio.TV men simple means of 
replacing all existing silicon rectifier 
types. Hermetically sealed diode can 
be wa•ed in or plugged into fu.f.e.:!lip 
To ICU C; needs no heat sink. 

Bulletin 1B 505. 

SMUT RECTIFIER TUBE EQUIVALENTS 

Ratings: 85 to 600 ma • 1500 to 6000 PIV. 
Diablo reliahle wries of Mlle replacement rectifiers 
rated from 1500 to 6400115', S5 to 600 including 
the ST-7 replerment for the 566 Tube I off: r Ile ripe. 
nor characteristics of silicon on a wide range 1,1 high 
vallare applications. Complete data, bulletin SR-209. 

SILICON VOLTAGE REGULATOR 2ENER 0100ES 

Ratings: From 600 milliwatts to 10 watts 
A miniplete series in 6 types. Miniature single 
junction types, multiple junction types and 
double anode units. 750 milliwatt and 1 watt 
types Bulletin 5R-251, 3.5 and 10 watt types: 
1101119tIn SR-252, Multiple junctiost 5 watt 
types: SR.253. Double anode types: SR.2.54 

A direct and universal replacement for ail ex-

Ming selenium stacks un to 500 ma. Eyelet 
vumtruction. No "special socket," conversion 

kit or drilling required. Especially suited to 

the elevated operating teniperatures inherent 
in most TV sets Bulletin TV-500. 

Ratings: From 100 ma. to 50 Amps. 
tow forward voltage drop and low leakage 
characteristics make this sedes ideal for a wide 
variety of power applications. For details re-
quest Bulletin C•439, I 16 volt cells); Bulletin 
SR-160, ( 45 to 52 wilts per cell) and bulletin 
SR-152, on high current density cells. 

PHOTOELECTRIC CELLS AND SUN BATTERIES 

(Wide range of silicon and selenium types.) 
Self-generating eel's available in standard and 
custom sizes, mourned or unmounted. For 
details on wide selocTior nf seleni mm types, 
request Bulletin PC-6496. Silicon solar cells with 
efficiencies as high as 10':. Designed to rugged 
military specifications. Bulletin 50-27SA. 

For bulletins on products described WRITE ON YOUR LETTERHEAD 

to our PRODUCT INFORMATION DEPARTMENT 

International Rectifier 

WORLD'S LARGEST 

CORPORATION 

EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA • PHONE OREGON 8-6211 

SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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IGGEST AND BEST 
-A CATALOG EVER 

• 
e  
e  

(f)ttaraetrr 

ikyt,  DEALERS. SERVICEMEN, SC140013 
IIROADCASIERS INDUSTRIALS, THEATRES. 

MANUPAC1URIRS. CHURCHES, HOTELS. PUIV IC 

UTILITIES, LABORATORIES, ENGINEERS, 

EXPERIMENTERS AMATEURS 

INDEX PAGE 701 107 PHONE 6Attire.. 1.11 S> 

BURSTEIN-APPLEBEE CO. Dept. /4, 

1012-14 McGee 5.., Kansas City 6, Mo. 

Send Free 196u Catalog No. 601. 

NAMf 

ADDRESS  

CITY STATE 



Never tires the arm . . . never upsets the nerves 

SENDING MADE EASIER FOR EVERYBODY 

V IBROPLE.2L 

24-K 
(;ohl-Plated 
!lase Top 

Vibroplex Super DeLuxe 
an'l inn Mal., \ "i a-,..plex a 

llllll g I-. ' iii.:.'- I wii h t he vv. ,' on ,ieu 
sending tt•at iiros, in addith.n rg, all Icgdner lira , , it 
has a super speed liai ti,r,irt-r 
,gietNI range an:1 ow us 
machined. I and .1.11 11,1 a He In : in,' A 
114•101tif 1,, 111011 In ni Ve ii Id, ¡ Inv al • '1 win 
EVeryl,Ody \ \ II ciratm . 95. • 

Vibroplex Original 
Here's a kr In daily 
teu• for ( tat • Po . o• I with it.: 

atn>11, . 11.111a, h•all and all-
:trout.] sending exi•elleoce "Sure easy on the 

,,,,j1,1,• pr, jt n. 7,1 .11eved. \ Ian,' Of 
111,e Li':'' ai ill In • nl year.' use. \\ dill 
o ',and • I I iondPre. $ 2.4.95.. 

Vibroplex Blue Racer 
I nn-• 1.1.11 

SI Ind>. I Ile I n IgIn.d. e.nly 
II,. 8 ../ . I,11.111 

ro.n -Inn.• I. a lire:lab', 
I / do , t he same fed-

tut', the Irrig,aa, old g•ry p"pular 
sv LI tailinns:m.1 , of fnl Inn' 
rius nerf,nlance h the lahen. 

.,11.1.1, I. 519.95; 
I >el . uxe•, $ 23.95. 

Vibroplex Carrying Case 
lilack simulated morocco. ( loth-line I. Itein-
forced corner.. Flexible le•it her haunt,'. Keeps 
key free of ilirt.ihist inn' to • ..st ore, awl in ,tirt, 
'rife- keeping when not in use. %\ nth !owl: and 
L'- v, $6.75. 

rtel7e"N\ 

As•oid 
The •• Itt*G' I-ra le \ l ark 

inequities t lie 
(leonine \ ibroplex. 
Accept no sobst note. 

"Ide 

"BUG" 

Standard Models have: Gray 
base, chrome top parts. Del- use 
Models have: Polished chro-
mium base and top parts, red 
trim and jewel movement. 
All Vihroples models 
available for left hand 
operation. 
All Vibroplex keys 
equipped with 3/16" 
contacts. 

Vibroplex Lightning Bug 

In111111 bar 
111.d',ICI I,. ll l ; 
frame in., dd mat, 
..nit ad , 11., il,,, g. log 
ill, may bi. lama, 111.,111r11-
ills illy -.I bee I n tn. \ \" att 

\ \ j, ,dr,a,g, 
Standard. $ 15.95, I lei nxe. $22.95. • 

"VIBRO-KEYER" 
The Vlbro-Kever t Ile att,nter to 
the demand for vittronie‘ parts tor the 
construction of tile nronic transmit ling 
units. It-t beautiful twig, eqUored 

I' and weight is 2 ootinti ,. It 
uses the I hJi.tim• Vibropley coulaets. main 
frame anti sup' r ' Piddled part ,, l'olorfol 
red Inind) Ilas >ante 
smooili and ea,. operating ‘' Iltroplex 
trunkii, levt, unto-n:0,1e to ynlIf OWII 
taste. Priced at $15.95. 

• (.:«, rd and wedge, $ 1.75 additional 

Its semi- automatic action 

actually performs the 

work for you. 

it ph ki•v. :my 
I Of sr Vle id sending. Its ea,y. Inn - 

ltrait helps develop speed' fast. 

Von take ir easy. Viltrotplox per-
forms the arndtiring wor L fin' \'« nl 
Send the v.,, lo,t, 
your signals are clean tool easy to r.•aol. 

It's the signant that MIMI, \11a,111,.% 
signals are uniformly good at wItate,•er 
speeol it is toeing operated. 

Vibrooplex never tire, I Ile arto, neN•er 
s ner‘ es, as use in he old keys 

often thoes. 

Precision machine", rqggeol. Viliroplex 
stands rough ttsage I rouble ',roof anol 
adjustable to ally desired sloven. 1)e. 
nendahle as t he day i.ltiog• 

Vibroolex then is the Perfect key for 
you. Fry it mul see for yourself. At 
dealers or ' Weld. 

NEW SPECIAL ENLARGED Edition of 
PHILLIPS CODE, $2.75 Postpaid 

Also includes: 
Ratio c.,Ic tsigitats 
I it:ern:II Morse 
Ann, ican Nlorse 

'I i,rlaisli and j aittote,t, 
Nlotr.i• Cones 
\Vorlil lino. Chart 

United States Time Chart 
 in trit, 

Aeronautical "Q" rotle 
iseellaneoos Abbrevia-

tions. I •sed on interna-
tional wire, subon;jrine 
cable and relic, telegraph 
circuits. 

lbet your copy toJay! 

Von tnn.41 be tired of the olidfas1 l i lll keys and their annoyances; 
o, ninybo• your bug is old and not lurking i15 you'ol like, then JOIN' not 
hitch nit .o. a new Vibroplex an I enjoy your operating as never before. 
Choose youra from those illustrated here. Vim can be sure if it's a 
Vibroples. 

Prices subject to change without notice 

\*` 

) 1 

THE VIBROPLEX CO., IN c ., 833 Broadway, New York 3, N. Y. 
W. W. ALBRIGHT, President 

IF YOU SEND YOU SHOULD USE THE VIBROPLEX 
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ennas for MOMPUTERS — RECEIVER FUNDAMENTALS — RF ENERGY GENERATION — RF 
'ING EQUIP. 4 & RADIO TELETYPE TRANSMISSION — SIDEBAND TRAM; • 
lode ConvertcRANSMITTER KEYING — RADIATION, PROPAGATIO 

IS & LOW PO Half-Wave Horizontal, Half-W ve, Ground PI 
— 75-W. 2-finant Lines to Ant.; Ant. C 
ersatile VFO-tYS — VHF & UHF ANT' 
. Modulator istorized Portabl 
I. Ampl. Drivi" for 144 fo 

3047L hITERS 
Triode Ampls 
A Ampl. — 

we.Di° 
41Cetearjk 

A 

I 

\cie‘s 
50(3 

. . oi ,/e‘untel  c\e0 

coeven` uwices e9otee  „ne 

co`e uide s ice e‘ &W ee 

e'tse c'e mteeie‘ rc' co e.ece‘les. 
swerg sW el 

cffi USe.' License 

09eice° 

ISSION — TRAN 
ANSMISSION 
ni, Space-Co 
srem; Coupl 
EQUIPM 
Cr; Hig 
anscv 
istor 

-• • ••••••••.... •• CISGS•1 

EDBACK — AMPLITUDE M 
ITTER DESIGN — TV & 8 
ES— ANTENNAS — 
ing, Multi-B 
ngle-

GET IT 

GET jr  IN THE 

1.5th EDITION 

N — XMIT 
TENNAS, H-F, 

BILE EQUIP. & INSTA 
-Band Mobile Xmitter — Univ 
ed/Mobile Xruitter for 225 Mc. — 

Installation of Mobile Equip. — Vehicular 
— Universal CI-Ser — Simple Preselector 

2-Meter Superheterodyne — CW Man's 

All-Band Xmitter — High Stability VFO 
7-Meter Exciter for Use with the Col 
AM EQUIP. — Design of Speech Am 
ral Purpose Class B Modulator — Ou 
rive — 200-W. 811-A Modulator — 5 
NER AMPLS. — Power Amp!. Design, 

Ampls. — Push-Pun 250-TH Ampl. — 
II 4-250A Kw. Amp'. — Pi-Network 
work Ampl. — 1-Kw. Triode Pi-Nt 
he Ranger as Driver for Tetrode Ar 

r — Other Xmitter Assemblies — P 
Power Supply Circuits — Simple 
rmer Design — Special Power Sr 
uit Constants — Capacitance — I 
— The Grid-Dip Meter — 1-Tube 

nents — Constr. of a Coaxial 
W Clipper-Ampl.; 200-W 811 
— 300-W Phone/C-W Transmit 
100-W Mobile Power Supply 

Special Power Suppli 

V., 425 Ma. I 
TEST ECI 

r 144 
ER XMIT 

Meter Xmi 
cF0-Exciter 

lator with Tr 
mpl. Drive — De 

W. 304TL Modul 
il Triode Ampls. — 

-150A Ampl. — Push-P 
_5A — Kw. Pi-Network 

CONSTRL — 350-W 
as Exciter for 1-Kw. Xmitt 

FPLIES — Power Supply Design — 
mer-type Power Supplies — Po 
TEST EQUIP. — Voltage, Cuire 

Aeter — Me.>asurements w 
ve Audio Oscillator — Antenna 

41,4,w, low 

1/0/eteee,.. 

bee set 
co on,e Of ee. 

Picisin%nete'''c0,7CiOr:7"/°,7 

eleCtronefee fOp  0:te 605 
lc -ins  

f eciée,,,,,ne o sursr 

SIC 

Air 
OC 

the 
onze 
Ma 

r Supp 
nstants; 
Reflectc 

BUY FROM YOUR FAVORITE DISTRIBUTOR 
Or add 10% on direct mail orders to EDITORS & ENGINEERS, Ltd., Summerland, Calif. 

BOOKSTORES: ORDER FROM BAKER & TAYLOR, INC., HILLSIDE, N.J. 



the "Hams" at HUDSON 
want to help you... 

Joe Prestia, K2GZX 

invites you to write or 

corne in for a chat. 

1001 see the 

latest m ill Gear 

first at * Ids" 

_one el the 
worftrs largest 

Electra* 

parts distrib-

utors, and 

Hew 1°r" 
component 

ride"tY 

center' 

START RIGHT! 

TIME PAYMENTS? 

Glad to accommodate you. Buy the gear you nRed. NOW, 
for it. enjoy it NOW— take as long as one and a hart years to pay 

JUST BEGINNING? Then you need friendly, competent 
help to get you started right. The Old-Timers at 

know YOUR problems! HUDSON were all beginners once, themselves they 

Talk to one of our Amateurs, at any of the three 
HUDSON Stores listed below. He'll be glad to help 
you start right, on your "adventure into space." 

TECHNICAL INFO? 
We're willing and able to help you with any problem that 
may be puzzling you. 

EQUIPMENT? 

HUDSON is famous as one of the largest Distributors of 
Electronic Equipment in the country. We've got Complete Stocks of All Standard Brands, all FULLY GUARANTEED 

SERVICE? 

Whether you shop over the counter at any of our stores, 
or whether you order by mail, you can depend on our 
speedy, effici ent service—M ail orders shipped same day 
received from our HUGE STOCKS.  

PRICES? 

Everybody in the Amateur Came knows, by now, that you 
ran "do better" at HUDSON! Our nationally famous LOW 
further! PRICES make your hard-earned buck go further—much 

TRADE-INS? 

Sure, we'll give you TOP allowance on your old equipment 
—nobody, simply NOBODY beats our "deal." 

HUDSON FREE NOVICE CLASSES held 
regularly at our Newark Store. Learn 
5 WPM Code, and all the Theory you'll 
need, to pass your exam. Write Manager 
Joe Prestia at our Newark Store, for 
latest schedule. 

AUTHORIZED 

u 
FACTORY DISTRIBUTORS 

so 
RADIO & TELEVISION CORP. 

ELECTRONIC & SOUND EQUIPMENT 

*NEWARK store only 

48 West 48th St., N. Y. 36, N. Y., 

TRafalgar 3-2900 

212 Fulton St., N. Y 7, N. Y., 

TRafaigar 3-2900 

35 William St, Newark 2, N. 1., 

MArket 4 5154 

Some of the 
Standard 

HAM BRANDS 
we carry! E 

BUD 
MILLEN 
GONSET 
MORROW 
COLLINS 

NATIONAL 

MULTI-ELMAC 
HARVEY-WELLS 

HAMMARLUND 

E. F. JOHNSON 
HALLICRAFTER 

MASTER MOBILE 
BARKER & 

WILLIAMSON 
ELECTRONICS 

DOW-KEY 
LUMITRONICS IL  
CUSHCRAFT 

NORTH HILLS 
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$5.75 

PC C 1 

Take the Guesswork out of Soldering Printed Circuits 

and Laminated Wiring Boards with an 

Reduces the Tip Temperature of Soldering 

Guns to 500 or 600 — the Correct Tem-

perature for Soldering Printed Circuits or 
Laminated Wiring Boards. 

ESICO 

FOR ALL WIDELY USED GUNS 

LIST PRICE — $2.95 
• Now ... use your soldering gun for 

the purposes it was originally in-
tended — quick heating . . . quick 
cooling. 

• Simply plug your soldering gun into 

GUNCHOKE and GUNCHOKE into 
outlet. Small . . . compact . . . 
dependable. 

ESICO MODEL "C" .,,   

LUGER GUN 

• PERFECT BALANCE permits delicate touch for most 
intricate work. 

• TRANSFORMER built in handle eliminates possibility 
of tip heaviness. 

• TIP DESIGNS simplify soldering connections inaccessible 
with other guns. 

TIPS ARE LONG AND THIN 

Ii 
C2 C3 AB1 

A 

AB2 AB3 AB4 AB5 ABE. 

KITS OF TIPS 
(in plastic vials) 

KIT AB: 1 ea. of AB1 through AB6. 
KIT C: 1 ea. of Cl through C6. 

$5.75 

LIST PRICE 

$8.95 

elettee 

FOR GETTING INTO DEEP PLACES 

For all soldering jobs. Will not anneal, 

bend or develop residue, even if left 

on circuit beyond operating cycle. 

Tips C4, C5 and C6 (not shown) are 

identical in shape to Cl, C2 and C3, 

but are the same length (6") as AB4, 

AB5 and AB6. Diameters: Cl and C4 

— 1/8"; C2 and C5 — 3/16"; C3 and 

C6 — 1/4"; PC1 — 3/4". 

SOLDERING GUN TIPS 

LIST PRICES KIT AB — 
KIT C — 

ESICO PRODUCTS ARE AVAILABLE AT RADIO AND ELECTRONIC DISTRIBUTORS 

ELECTRIC SOLDERING IRON CO., INC. 
860 West Elm Street Deep River, Connecticut 
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II  
Toilanu fartu re r 

and Distributors of 

Products Used in Short- Wave 

Radio Communication 

E R Ann) 1MATEUR'S H ANDBOOK is the standard 

reference on the technique of high-frequency readio 

communication. No in its thirty-seventh annual edi-

tion, it is used universally- by radio engineers and 

technicians as Well as by thousands of amateurs and 

experimenters. Year after ear it has sold more NS idely, 

and nos the Handbook has an annual distribution 

greater than any other technical handbook in any 

field of human activity. To manufacturers whose in-

tegrity is established and whose products meet the 

approval of the :American Radio Relay League tech-

nical staff, and to distributors W.ho sell these produci,. 

we offer use of space in the I landbook's Catalog Ad-

vertising Section. This section is the standard guide 

for amateur, commercial and government buyers of 

short-wave radio equipment. Particularly valuable as 

a medium through yy hich complete data on products 

can be made easily available to the whole radio 

engineering and experimenting field, it offers an 

inexpensive method of producing and distributing a 

catalog impossible to attain by- any other means. N‘ e 

solicit inquiries from qualified manufacturers and 

d is tri bu tors. 

ADVERTISING DEPARTMENT . . 

American Radio Relay League 
FAT ILUITFOlt II 7. 1'0\ El 
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ILLINOIS TC APACITORSWORLD OVER 
KNOWN 

for 

For more than a quarter of a century 

ILLINOIS CONDENSER COMPANY 
has been foremost in the development 

of ever greater dependability and 
longer life in all types of capacitors. 

Listed below are only a few of the 

more popular — and most recently 

developed ILLINOIS capacitor types. 

UMP 
Twist prong 

types 

IHC 
Popular 

replacement 
types 

UMS 
Molded 
terminal 

IHT 
Tubular \ 

pigtail types 

11M and 
ITC Metal and 

.ramic Cased Paper 

BI 
Electrolytic 
and paper 

PE 
Octal plug-in 

types 

LN 
Flexible 

lead types, screw 
neck mounting 

UMC 
Energy storage 
and photo flash 

types 

MS Motor starting 
-‘ 

...:w--/ 

e It 
UNI "300" BANTAM 

Fechnical literature and catalogs 
available upon request. 

Tett Teed GLIA 

TYPE SMT-TURULAR 
drommmullmmumewmn 

2 
PRONG 

TYPE UMP 

TYPE PE 

TYPE IHC 

TYPE LN 

TYPE UMS 

TYPE UMT 

TYPE I)'.' 

TYPE UMC 

TYPES SMT 
and SMTU 

TYPE MS 

TYPE BT 

â  ILLINI 300 
'an ELECTRONIC 

FLASH KIT 
"BANTAM" 

f 

3 
PRONG 

A complete line for low voltage D.C. circuits. 
Have many advantages including hermetically. 
sealed Aluminum Cases with patented construc-
tion; immersion-proof; excellent life character-
istics; low leakage currents; shock and vibration. 
resistant; ideal for applications requiring mini-
mum size, weight and reliability. 

Standardized twist- prong type. Patented molded terminal construction 
for efficient, stable operation under extreme temperature ranges. 
Capacity ranges from 10 to 3,000 MFD and from 6 to 525 WVDC. 

Hermetically sealed plug-in octal base type. Especially useful in fixed 
or mobile communications equipment. Operating temperature range 
—40°C to + 85 °C. Available in wide ranges of capacities and voltages. 

Popular multiple section types with flexible leads, insulating sleeves 
and mounting straps. Equally adaptable for original equipment or 
replacement purposes. Available in capacities from 10 to 250 MFD 
at 25 to 500 WVDC 

Extruded aluminum can type with screw neck mounting and flexible 
leads. Capacity ranges horn 8 to 80 MFD and from 450 to 600 WVDC. 

Hermetically sealed inverted can type with screw neck mounting and 
molded- in terminals. Wide ranges of capac;ties and voltage ratings. 
Meets all government specs. 

Inverted can type with clamp mounting. Hermetically sealed, shock 
resstant with new molded term ,nal construction. Ideal for use in high-
est quality equipment. Meets all government specs. Wide capacity 
and voltage ranges. 

Popular tubular aluminum can, pigtail type electrolytic. Internal 
riveted construction. In capacity ranges of 1 to 2000 MFD and from 
6 to 600 WVDC. Also available with solder lug terminals. Supplied 
with insulating sleeves. 

Low leakage-high capacity electrolytic for power filter packs voltage 
stabilization, energy storage and photo flash. Capacity ranges up to 
50,000 MFD to 50 V. and 1000 MFD at 450 V. 

"Miniature" and sub-miniature elcctrolytics with patented hermetic 
seals. Especially designed for printed circuits, portable equipment, 
transistor equipment, end any appl:cation where size and weight must 
be kept at an absolute minimum. Capacity ranges from 5 to 2000 
MFD and from 3 to 250 WVDC available. Aluminum case types. 

Temperature ranges —40'C to +65 °, —30 °C to +85 °, —30'C to 
+100°C. 

Motor starting capacitors available in bakclitc and aluminum cases. 
Long wire leads with terminals. Capacities to 5,000 MFD at 115, 220 
and 320 VAC. 

Hermetically sealed bathtub type especially designed to withstand 
vibration and shock. Avalablc in electrolytic and paper capacitor 
types for govemmeni and commercial use. 

A new high intensity, low voltage electronic photoflash kit featuring 
latest advances in tube, capacitor and reflector design. 100 watt 
second output. Uses standard type batteries. Easily assembled, rugged. 
reliable and economical to operate. AC Power Pack also available. 

Lj ILLINOIS CONDENSER CO. 
NORTH AVENUE AND THROOP STREET • CHICAGO 22, ILLINOIS 

Export Dept., 15 Moore St., New York 4, N.Y. Cable "MINTHORNE' 
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INDUSTRIAL? Certainly! 

The Electronics Industry is in a large measure 
based on Radio Amateurs, and their accomplish-
ments. 

It logically follows that HAM HEADQUARTERS, USA 
is also the dependable supply center for all 

INDUSTRIAL ELECTRONIC 
MATERIEL! 

For quicker service (at factory prices) have your 
PA rely upon our, 

INDUSTRIAL SALES DEPARTMENT 
TWX NY1-111 • Cable "Harrisorad" 
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Here, at Harrison's, in the World's Largest Trading Center, 
is where you get the most for your money!—The newest equip-
ment, the best friendly service, the greatest values, the 
easiest terms, the " hottest" trade-in deals! 

Nowhere else can you see such a tremendous array of all 
the latest and finest Ham gear, waiting for you to inspect, 
select, try out, then take safely home with you. 

So, hurry on in ( it really is a shorter trip than you think!) 
to HAM HEADQUARTERS, U.S.A. Bring along your old rig, for 
my tip-top trade-in deal. I guarantee you'll go home happy! 

73. Vet qictvadose, W2AVA, 
(Of course, if you can't visit us, my mail and phone order 
service is still the best in the world!) 

HARRISON 
"Ham Headquarters, USA .. . Since 1925" 

225 GREENWICH STREET, NEW YORK 7, N. Y. 

BArclay 7-7777 

NEW JERSEY, DEloware 3-8780 

LONG ISLAND, REpublic 9-4102 

HILLSIDE AVE. at 145 St., JAMAICA 



Index 
Charts and Tables PAGE 

Abbreviations I, n• ( '. 11. 11 ( el. 
Amateur Frequency Bands . . 58143 
Amateur's Code, The  8 
Antenna and Feeder Lengths . 357, 358, 360,361, 363 
Antenna Diameter Vs. Length  357 
Antenna Gain.  371, 372 
Antenna Length Factor  357 
Attenuation of Transmission Lines  343 
Awards  577, 578, 579 

Band-Pass Filters  
50 Bandwidth, Typical I.F'  88 

Batteries, Service Life   496 
Beam Element Lengths 373, 450 
Breakdown Voltages   23 

Call Areas  
583 

Capacitance for Coupling to Flat Coaxial 
Lines 

152 
Capacitance of Short Vertical Antennas  481 
Capacitance, Grid Tank   .. 158 
Capacitance, Plate Tank  151 
Capacitive Reactance  .. 45 
Capacitor Color Code 503, 504, 505 
Capacitor-Input Power Supplies 223, 224, 229 
Capacitor, Plate Spacings   170 
Cathode and Screen-Dropping Resistors for 

R.F. and I.F. Amplifiers   100 
Cathode-Modulation Performance Curves..   295 
Characteristic Impedance 341, 342 
Choke-Input Power Supplies  225 
Circuit and Operating Values for Converter 
Tubes.   

96 C-L Computation    525 
Coaxial Line Data.   342 
Coils, Dimensions of  28 
Coils, Wire Sizes for Transmitting  171 
Color Code for Radio Parts 503, 504, 505 
Conelrad Compliance    579 
Construction Tools .............. . 497 
Continental Code   13 
Conversion of Fractional and Multiple Units   20 
Converter Tubes, Operating Values  96 
Copper-Wire Table  506 
Corner-Reflector Antenna Feed Inipedance  459 
Countries List, ARRL  581 
Coupling-Coefficient Curves  ...... . . 48 
Critical Inductance, Bleeder Resistance and 
Current for  

225 
Crystal Diodes.     V-32 

Decay, Voltage  
Decibel  
Decimal Equivalents of Fractions  
Dielectric Constants  
Drill Sizes  
DX Operating Code  

30, 31 
41 

500 
23 

498 
570 

PAGE 
Effect of Ground on Horizontal Antennas ... 356 
Emergency Points  574 

Filters  
50 

Folded Dipole Nomogram 377, 378 
Frequency-Spectrum Nomenclature .   18 

Gain of Directive Antennas  371, 373 
Gauges, Standard M etal  500 
Germanium Crystal Diodes  V-32 
Germanium Rectifiers   243 

Half-Wave Antenna Lengths 358, 450 

Impedance Step-Up in Folded Dipoles 377, 378 
Inductance and Capacitance for Ripple Reduc-

tion  
226 

Inductance, Capacitance and Frequency 
Charts  

35, 45, 526 
Inductance of Small Coils  27, 28 
Inductive Reactance . ..   45 
Inductors, Dimensions of  28 
International Amateur Prefixes  581 
International Morse Code  13 
International Prefixes   582 

RST System.  
580 Radiation Angles  

  356 Radiation Patterns  
Radiation Resistance 358, 359, 362 

, 361 Reactance Change with Antenna Length.... 361 

L-C Computation  525 
L/R Time Constant  31 

Linear Amplifier Tube-Operation Data .  312 
Loading-Coil Data .... . .   482 
Log, Station .... . .   571 
Long-Wire Antenna Lengths  361 
Low-Pass Filter Data   558 

Metals, Relative Resistivity of  18 
Mobile-Antenna Data . . . .  481, 482 
Modulation Index  324 
Modulator Characteristic Chart. 287, 290, 295 

Operating Values, Converter Tubes.   96 

Peak-Rectifier-Current/D.C.-Load-Current 
Ratio  

224 Phonetic List  
  569 Pi-Network Design  153 

Pilot-Lamp Data  
505 Power Supplies, Typical..  229, 230 

Prefixes  
 581, 582, 58.3 

Puncture Voltages, Dielectric   23 

Q Signals  
580 

RC Time Constant 30, 31 
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PAGE 

Reactance Charts  . 35, 45 
Relationship of Amateur-Band Harmonics  549, 505 
Resistance-Coupled Voltage-Amplifier Data.. 259 
Resistivity of Metals, Relative  18 
Resistor Color Code  504 
Ripple Across Input Capacitor.   224 
Ripple-Reduction Factor, L and C  224 

Schematic Symbols  2 
Screen-Dropping and Cathode Resistors for 

R.F. and I.F. Amplifiers   100 
Selenium Rectifiers  243 
Signal-Strength, Readability and Tone Scales 580 
Silicon Rectifiers    243 
Standard Component Values   503 
Standard Frequency and Time Signals  518 
Standard Metal Gauges  500 
Standing-Wave Ratio 338, 343, 530 
Standing Waves 336, 337 
Station Log  571 
S.W.R. Calibration.     530 
Symbols for Electrical Quantities  2 

Tank-Circuit Capacitance ....... . ... 151, 153, 158 1C 
Tap Sizes  
Teletype Letter Code    331 
Time, Capacitor Charge and Discharge 30, 31 
Time Constant, ('R  30, 31 
Time Constant, L/R    31 
Tools for Construction  497 
Transformer Color Code  504, 505 
Transformer Ratios  263 
Transistors  
Transistor Symbols  
Transmission-Line Data  
Transmission-Line Losses. 
Transmission Lines, Spacing  341, 342 
Trapezoidal Patterns and Wave Envelope 297, 298 

299, 300, 315, 317, 318 

V.H.F. Arrays   450 
Vacuum Tubes and Semiconductors (Index to 

Tables)    V-I 
Velocity Factor and Attenuation of Transmis-

sion Lines   342, 343 
Voice Equivalents to Code Procedure  568 
Voice Operating Hints   568 
Voltage Decay.  30, 31 
Voltage-Out put/Transformer-Voltage Ratio  223 

V-31 
83 

 341,342 
343 

W Prefixes by States.   
Wire Table, Copper  
Word List for Accurate Transmission 
WWV and WWVH Schedules.   

583 
506 
569 
518 

Formulas 
A.C. Average, Effective R.M.S. and Peak 

Values  17 
Antenna Length 357, 361, 375, 450 

Band-Pass Filter   50 

CR Time Constant    30 
Capacitance   24 
Capacitance Measurement.   . 525 
Capacitance, Series, Parallel  25 
Capacitive Reactance  33 
Cathode-Bias Resistor  73 
Cathode Bypass Capacitor 265, 266 
Cathode Follower Output Impedance  72 
Cavity Resonator Dimensions.   57 
Characteristic Impedance  . .. 335, 339, 341, 342 
Coaxial-Line Matching Section..   376 
Collinear Dimensions  450 

PAGE 

Coupling Coefficient    526 
Critical Inductance    224 

Decibel, Power, Voltage and Current Ratios. 41 
Delta-Matching Transformer Design   360 
Driving Power, Grounded-Grid Amplifier .   165 

Efficiency, Power..  22-23 
Energy, Electrical  23 

Feedback Percentage   267 
Feeder Length    342 
Filter Design   50, 223, 269 
Frequency, Resonant  42 
Frequency-Wavelength Conversion  18 

Grid Impedance.     158 
Grounded-Grid Amplifier 165, 314 

Half-Wave Antenna, Length  357 
Half-Wave Phasing Section, Length  371 
High-Pass Filter    . 50 

Impedance, Grid Input  158 
Impedance Input, Grounded-Grid Amplifier 165, 314 
Impedance Matching   40 
Impedance Matching, L Networks  49 
Impedance Matching, Pi Networks  49 
Impedance Ratios   .39, 339 
Impedance, Resistive at Resonance 44, 45 
Impedance, Series Circuits, Parallel Circuits 36 
Impedance, Transformer  222 
Index, Modulation    324 
Inductance Calculation 26, 27 
Inductance, Critical   ..   224 
Inductance Measurement.   525 
Inductance, Series, Parallel  29 
Inductive Reactance. 34 
Input Capacitance, Tube.   70 
Input Resistance, Power Supply •   222 

L Networks    49 
LC Constant  46 
Lissajous Figures, Frequency   537 
Long-Wire Antenna, Length  361 
Low-Pass Filter    50 
L/R Time Constant    31 

Modulation Impedance 263, 288, 295 
Modulation Index  324 
Modulation Percentage  284 
Modulation, Screen-Grid Transformer .. ..   291 
Modulation Transformers, Turns Ratio  263 
Multiplier, Meter   508 

Neutralizing Capacitors  161 

Ohm's Law (A.C.) .  34, 36 
Ohm's Law (D.C.) 20, 22 

Parasitic Element Spacing.     372 
Pi Networks  . 49 
Power   22 
Power Factor    37 
Power Output, Grounded-Grid Amplifier  165 
Power, Reactive 35, 36 
Power-Supply, Minimum Load-Bleeder Re-

sistance  225 
Power Supply, Output Capacitor for Modu-

lated Amplifier .....     287 
Power-Supply Output Voltage   .... 226 
Power-Supply Transformer Voltage.  227, 228 

Q  43, 44, 45 
Quad Antenna Length  375 
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PAGE 
Q-Section Transformer...   376 

RC Time Constant   30 
Reactance, Capacitive   33 
Reactance, Inductive  34 
Reactance, Series, Parallel 34, 35 
Regulation, Voltage    222 
Resistance Measured by Voltmeter  510 
Resistance of Wires.   18 
Resistance, Series, Parallel, Series-Parallel.... 21,22 
Resonance  42 
Resonant Frequency     42 
Ripple 224, 226 

Screen-Dropping Resistor   ... 74 
Shunts, Meter  508 
Splatter Suppression Filter  269 
Standing-Wave Ratio 338, 528, 530 
Surge Impedance.    335, 339, 341, 342 

Time Constant, CR, L/R  30, 31 
Transformer Current  38 
Transformer Efficiency.   
Transformer Impedance  
Transformer, Screen-Grid Modulation  
Transformer Voltage   
Transformer Volt-Ampere Rating  
Transistor, Current Transfer Ratio  
Transmission-Line Length. 
Transmission-Line Input-Output Impedance. 339 
Turns Ratio 38, 262 

PAGE 
Amateur Operator and Station Licenses  13 
Amateur Regulations 13-11 
Amateur's Code, The  8 
American Radio Relay League: 

Headquarters   12-13 
Hiram Percy Maxim Memorial Station. .. 12, 577 
Joining the League   579 

Ampere    17 
Amplification 62-68, 82 
Amplification Factor .     63 
Amplification Factor, Current   83 
Amplification Factor, Voltage 63-64 
Amplifier Adjustment 168, 314 
Amplifier, Cathode Follower 71-72 
Amplifier Classifications ...    66-68 
Amplifier, Grounded-Grid.. 71-72, 164-166, 314, 398 
Amplifier Keying  245 
Amplifier, Linear.  67-68, 296, 311-319 
Amplifier, Speech  257 
Amplifiers (see basic classifications, e.g., " Re-

ceivers,"" Transmitters," Radiotelephony," 
and " V.H.F.") 

38 Amplifiers, Class A, B, C 
222 Amplifiers, Transistors  

... 291 
38 

228 
84, 85 
312 

Vacuum Tube, Input Capacitance  
Vacuum Tube, Plate Power Input, Plate Dis-

sipation  
Voltage Decay Time.   
Voltage Dividers  
Voltage Drop  
Voltage-Dropping Series Resistor.   
Voltage Regulation  
Voltage-Regulator Limiting Resistor  

70 

155 
30 
230 
21 
230 
222 
231 

Wave-Guide Dimensions  57 
Wavelength   18 
Wavelength-Frequency Conversion   18 

Yagi Dimensions  450 

Text 

A 

"A" Battery   60 
" A "-Frame Mast    381 
A-1 Operator Club  579 
A.0   16, 32-37 
A.C. Line Filters  548 
A.G.C.   102 
A.M. (see " Amplitude Modulation") 
ARRL Emblem Colors  576 
ARRL Operating Organization   . 575-579 
Abbreviations for C.W. Work   583 
Absorption Frequency Meters  513 
Absorption of Radio Waves. ..   390 
Affiliation, Club.   576 
Air-Insulated Lines  340, 341 
Alignment, Receiver 112, 114 
" All-Band" Antennas 363-367 
Alternating Current 16, 32-37 
Alternations  16 
Aluminum Finishing  500 
Amateur Bands   14 
Amateur Radio Emergency Corps  . 573-575 
Amateur Radio History 9-12 

 66-68, 311 
84-80, 108 

Amplitude, Current 15-16 
Amplitude Modulation 58, 284 
Angle of Radiation 355, 356, 358, 391 
Anode  60 
Antenna Construction 380, 450-458 
Antenna Couplers 350-354, 434 
Antenna Input Impedance 376, 449 
Antenna Length    . 357-375, 449 
Antenna Masts  381 
Antenna Matching  376-380 
Antennas: 355-388 
Beams  370-376 
Bent 364, 369 
Construction 380-388 

Plumber's Delight    384 
Compact 14 Mc. 3-Element Beam  385 
Rotary Beams  383 
One-Element Rotary for 21 Mc.. ....   386 
Supports  D 381-382 

Dipole    357-360 
Folded Dipole   377 
Ground-Plane  368 
Half-Wave   357-360 
Long-Wire 361-362, 369 
Mobile .     . 480-487 
Multiband 363-367 
Off-Center Fed   364 
Quad 374-376 
Receiving  380 
Resonating, Remote    484 
Restricted Space 363-368 
Rhombic    369 
Switching     380 
"Trap"    365 
V-Beam   369 
Vertical  367 
V.H.F  448-459 
" Windom"   364 
160-Meter    368 

Antinode  337 
Antistatic Powder   461 
Appointments, Leadership  575 
Appointments, Station   576 
Array 370, 449 
Arrays in Combination 370-375, 454 
Assembling a Station 539-545 
Atmospheric Bending  

Audio-Circuit Rectification  
Audio Converters  

Atoms  
Audio-Amplifier Classi fications  393' 3. 9.6t65_-6 534 7991 7866 



INDEX 

PAGE 

Audio Frequencies.   17 
Audio Frequency Shift Keying    331 
Audio Harmonics, Suppression of   263 
Audio Image  107 
Audio Limiting  103 
Audio Oscillators :315, 520 
Audio Power  288 
Audio Range Restriction 267, 321 
Audio Squelch    110 
Auroral Reflection  395 
Autodyne Reception 87, 92 
Automatic Gain Control 102, 103 
Automobile Storage Battery  490 
Autotransformer   40 
Average-Current Value  17 
Awards .577-579 

B 

"13" Battery   60 
BCI  546 
B.1'  0   102 
BPL .   579 
Back Current .   81 
Back-E.M.F 26, 31, 32 
Back Resistance  SI 
Back Scatter 392, :396 
Backwave    245 
Baffle Shields  54 
Balanced Circuit  54 
Balanced Modulator '104 - 305 
Balun 344, 379, 534 
Band-Changing Receivers  93-94 
Band-Pass Coupling    48 
Band-Pass Filter 49-50 
Bands, Amateur   14 
Bandspreading    93 
Bandwidth  88 
Bandwidth, Antenna     355 
Base, Transistor  82 
Basic. Radio Propagation. Prediet;.on.it. . . . . .   393 
Battery 16, 60, 63, 490, 496 
Bazooka  379 
Beam Antennas 370-376, 451 
Beam Tetrodes  71 
Beat Frequencies . . . ..... 
Beat Note.   87 
Beat Oscillator  . 87, 101-102 
Bending, Tropospheric 393, 395-396 
Bent Antennas 364, 369 
Bias    ..  64, 155-157 
Bias, Cathode  73 
Bias, Contact Potential  73 
Bias, Fixed  156 
Bias, Operating   155-157 
Bias, Protective .    155-157 
Bias Stabilization  86 
Bias Supplies   235-238 
"Birdies" 95 113 
Bleeder 222, 225 
Blocked-Grid Keying ........... . ...  246, 251 
Blocking Capacitor  53 
Booms, Rotary Beam   384 
Brass Pounders League    579 
Breakdown Voltage.  2:3, 24, 25, 170 
Break-In  247, 250, 541, 568 
Bridge Rectifiers  220 
Bridge-Type Standing-Wave Indicators .... 52S-532 
Bridge, Inipedance    532 
Broadband Antennas, V.II  F   458 
Broadcast Interference, Elimination of  546 
Broadside Arrays   370 
Buffer Amplifier .    145, 286 
Buffer Capacitors    492 

PAGE 

Buncher . 78 
Button, Microphone   256 
Bypass Capacitors   53 
Bypassing   53, 553 

C 
' ' C " Battery  63 
C (Capacitance) •    23 
CCS   155 
CR and L/R Time Constants 30-31 
Cable Lacing    502 
Cable Stripping    501 
Calibrator Crystal  .515, 516 
Capacitance and Capacitors 23-25 
Capacitance: 

Distributed . 54 
Feedback.   70 
Inductance, and Frequency Chart  45 
Interelectrode 69-70, 163 
Measurement    525 
Specific Inductive    23 
Tube Input 69-70 
Tube Output  70 

Capacitance-Resistance Time Constant 30-31 
Capacitive Coupling 46, 159, 556 

Reactance 33, 45 
Capacitor-Input Filter.   223 
Capacitors: 
Band-Setting  93 
Bandspread .   93 
Buffer    492 
Bypass .    53, 171 
Ceramic .    504 
Color Code 504, 505 
Electrolytic  24 
Filter   223, 226-227 
Fixed . 24 
Grid Tank   170 
Main-Tuning  93 
Neutralizing   161 
Padding  93 
Phasing  104 
Plate Blocking  171 
Plate Tank Voltage .   169 
Ratings  153 
Semiconductor Voltage-Variable 82, V-32 
Trimmer    93 
Variable 24-25 

Carbon Microphone  256 
Carrier .  59, 284 
Carrier Suppression.   304 
Carriers, Semiconductor  80 
Cascade Amplifiers  67 
Cascode R.F. Aniplifiers    398 
Catcher    78 
Cat hode   60-61 
Cathode-Bias    73 
Cathode-Coupled Clipper.   77 
Cathode, Directly Heated    61 
Cathode Follower   72 
Cathode, Indirectly Heated  61 
Cathode Injection    96 
Cathode Keying  245 
Cathode Modulation.   294 
Cathode-Ray Oscilluscopes  535 
Cathode-Ray Tubes 535, V-30 
Catwhisker   81 
Cavity Resonators.   57 
Cell  16 
Center Loading, Mobile Antenna   483 
Center-Tap, Filament  72 
Center-Tap Full-Wave Rectifier  219 
Center-Tap Keying  245 
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Contact-Potential Bias 73-74 
Continental Code 13-14 
Control Circuits, Station 540-541 
Control Grid  62 
Controlled Carrier.   293 
Conversion Efficiency   95 
Conversion Exciter  247 
Conversion, Freqtaeiicy  319 
Conversion of Fractional and M ultiple Units 20 
Converters,  Audio  97 
Converters, Frequency  95 
Converters, Teletype  331-333 
Converters, V.H.F  401-418 
Copper-Wire Table  506 
Cores 27, 28-29, 37-40 
Corner Reflector Antenna, V.H.F . . .. ..... 459 
Corrective Stub   449 

4 Counterpoise  367 
52-55 Countries List, ARRL   581 

2 Coupled Circuits 46-48 
94 Couplers, Antenna 129, 350-354, 434 
157 Construction 
292 Coupling   129, 350-354, 434 

29 147 Coupling: 
66 Antenna to Receiver. 
68 Amplifier-Output  
68 Antenna to Line 
62 Band-Pass 
68 Capacitive  
8 Capacitor 46, 159, 556 

65 7 Choke  65 
8 Circuits  46, 65 
8 Close  29 
b Coefficient of  
1 Critical 

Impedance  
Inductive  
Interstage 46, 151, 158 

159-160 
Link 
Loose  
Pi-Section  
Resistance.   
Tight  

5 To Flat Coaxial Lines  
9 To Wave Guides and Cavity Resonators.. 57 

48,151,158 
29 
160 

Transformer 46, 65, 258 
502 Tuned 152, 347 

Condenser (see Capacitor)  23 
Conductance  19 
Conductance, Mutual.   63 
Conductivity  16 
Conductor Size, Antennas    358 
Conductors  16 
Cone Antennas, V.H.F.   459 
Conelrad  143,488,579 
Constant, Time 30-31, 102 
Constants, LC    46 
Constant-Voltage Transformers   241 
Construction, Antenna 380-388 
Construction, Coupler  350 
Construction Practices  497-506 

INDEX 

Ceramic Microphone.   257 
Channel Width   284 
Characteristic Curves 62-63, 81, 83, 84 
Characteristic, Impedance 335, 341,342 
Characteristics, Dynamic . 63 
Characteristics of Radio Waves 389-390 
Charges, Electrical .     15-16, 23 
Charging, Capacitor  23 
Chassis Layout 498-499 
Chirp, Keying 149, 244 
Choke: 

Coil 26, 224 
Filter  224 
Radio-Frequency 2(4 53, lr 1 
Swinging .. . . ... . ... . ........ . .. . ...... 225 

Choke-Coupled Modulation.   289 
Choke-Input Filter  224 
Circuits, Balanced and Single-Einded 
Circuit Details, Practical  
Circuit Symbols  
Circuit Tracking  
Clamp Tubes  
Clamp Tube Modulation  
Clapp Oscillator.   
Class A Amplifiers   
Class AB Amplifiers  
Class B Amplifiers .    67-
Class B Modulators  2 
Class C Amplifiers. 
Clicks. Keying   244, 24 
Clipping Circuits .  76-7 
Clipping-Filter Circuit 132, 26 
Clipping, Speech   26 
Club Affiliation  7 
Coax-Coupled Matching Circuit 349, 35 
Coaxial Antennas V H  F  458 
Coaxial-Line Circuits   55 
Coaxial-Line Matching Section.   376 
Coaxial Plug Connections  502 
Coaxial Transmission Lines   341 
Code (Continental) and Code Practice 13-14 
Code Proficiency Award.   578 
Code, Underwriters  544-545 
Coefficient of Coupling.  29, 47, 52 
Coefficient, Temperature  1 
Coil (see " Inductance") 
Coils, Winding  
Collector  
Collinear Arrays   70, 451, 45 
Color Codes, EM 503, 504, 51 
Color Television.   56 
Colpitts Circuit   74, 14 
Combination Arrays   37 
Compact Antennas   36 
Compact 14-Mc. 3-Element Beam  38 
Complex Waves...   17, 3 
Component Ratings and Installation .. 169- 171, 22 
Component Values  502-50 

82 Critical: 
6 Angle  391 
)5 Coupling  47 
5 Frequency  391 
7 Inductance  224 
1 Cross-Modulat ion  109, 547, 562 
3 Cross-Talk (Telephone).   548 
5 Crystal: 
7 Diodes   80-81, V-32 
6 Filters    107 
3 Microphones.   256 Compression, Speech Amplifier    267 Oscillators   

Concentric-Line Matching Section . . . :376 Rectifiers  80-81 145, 146-147, 419 

Concentric Transmission Line  341 Resonator ...  51-52 

Current: 
Alternating.  16, 32-37 
Amplification Factor83 

129 
150-154 
  376 
  48 

29,47,525 
47 
65 

4)5 
29 

151 

Crystal Calibrator  516 
Crystal-Controlled Converters  130 

401-418, 463, 466, 468 
Crystal-Controlled Oscillators . . . . 145, 146-147, 419 
Crystal Detector 80-81, 89 
Crystal-Filter Phasing 107-108 
Crystal Filter, Tuning with  107 
Crystal, Germanium  80-81 
Crystal-Lattice Filter  310 
Crystals, Overtone    419 
Crystals, Piezoelectric . .. 51 



INDEX 

Antenna  
Direct  
Distribution, Antenna  
Eddy  
Effective. 
Electric  
Gain  
Lag and Lead  32-35 
Loop 337,357 
Magnetizing   38 
Measurement  508-509 
Node  337,357 
Plate  61 
Pulsating.    16,52 
Ratio, Decibel  41 
Values  17 

Curve, Resonance 42,44,48,88 
Curves, Transistor Characteristic.   83 
Curves, Tube-Characteristit:   62-63 
Cut-Off Frequency  83 
Cut-Off, Plate-Current.  62-63,71 
C.W. Abbreviations    583 
C.W. Procedure  566-568,583 
(7.W. Reception   Ill 
Cycle 16,32 
Cyclic Variations in Ionosphere  392 

D'Arsonval Movement.   
D Region.   
D.0  
D.C. Instruments   . 507-511 
D.C. Measurements   507 
Decay, Voltage    30 
Decibel   41 
Deflection Plates    530 
Degeneration    68-69 
Degree, Phase  32 
Delta Matching Transformer   360 
Demodulation  58 
Density, Flux.   15 
Design of Speech Amplifiers    260 
Detection   58,87,88-92 
Detector Blocking and Pull-In   92 
Detectors   88 
Deviation Ratio  324 
Diagrams, Schematic Symbols for  2 
Dielectric  23 
Dielectric Constants  23 
Difference of Potential   ......... ... 15,16 
Differential Keying. .247,248 
Diode Clippers     76 
Diode Detectors 89-90 
Diodes    61 
Diodes, Crystal 80-81, V-32 
Diodes, Voltage-Variable Capacitor  82 
Diodes, Zener.  81-82, V-32 
Dipole, Folded  359,377 
Dipole  357-360 
Direct Current  16-17 
Direct Feed for Antennas  358 
Directive Antennas.  369-376 
Directivity, Antenna.  358,359,362 
Director, Antenna  373 
Directors, ARRL  12 
Discharging, Capacitor   23 
Discriminator.   329 
Disk-Seal Tubes.   77 
Dissipation, Plate and Screen  157 
Distortion, Audio  299 
Distortion, Harmonic 64-65 
Distributed Capacitance and Inductance  M 
Dividers, Voltage    230 

l' WE P \ CI: 

361 Divisions, ARRL .   12 
10 Doubler, Frequency  115 

361 Double-Humped Resonance Curve  48 
29 Double Sideband .     304 
17 Double Superheterodyne   95 

15-16 Downward Modulation  285 
83 Drift, Frequency 75,149-150 

Drift Transistor. 83 
Drill Sizes (Table)  498 
Driven-Element Directive Antennas  370 
Driver 67,145,264 
Driver Regulation  311 
Drivers for Class B. Modulators.   264 
Dummy Load.   319 
DXCC'  577-578,581 
DX Century Club Award 577-578 
DX Operating Code    570 
Dynamic: 

Characteristics  63 
Instability   75 
Microphones   257 

Dynamometer Movement   510 
Dynamotors   491 
Dynatron-Type Oscillator  78 

E 

E (Voltage) .   17 
E Layer  390 

507 E.M.F., Back   26 
391 E.M.F., Induced  26 
16 Eddy Current  29 

Effective Current Value  17 
Efficiency  22-23 
Conversion     ... 95 
Transformer  38 

Electric Current.  15-16 
Electrical Charge 15-16 
Electrical Laws and Circuits 15-59 
Electrical Quantities, Symbols for  2 
Electrical Safety Code, National 544-545 
Electrode.   60 
Electrode Voltages, Sources.   155 
Electrolytic Capacitor  . 24 
Electromagnetic: 

Deflection  535 
Field    15 
Waves  15,389 

Electromotive Force (E.M.F.)  16 
Electron: 
Gun    535 
Lens.   536 
Transit Time  77 

Electronic: 
Conduction 16,80 
Speed Key  254 
Voltage Regulation  232 
Transmit-Receive Switch  253 

Elect rons 15,80 
Electrostatic: 

Deflection    536 
Field  15 

Element Spacing, Antenna.  373,374,450,453 
Elements, Vacuum Tube   60 
Emergency Communication.  573-575 
Emergency Communications 574,584 
Emergency Coordinator .  574,575 
Emergency Power Supply   491 
Emission: 

Electron  60 
Secondary    70 
Thermionic  60 

Emitter, Transistor  82 
End Effect    357 
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End-Fire Arrays   371 
Energy.    22-23 
Envelope, Modulation  284 
Equivalent Noise Resistance   87 
Equivalent Series and Parallel Circuits (A.C.)   36 
Excitation 75, 157 
Exciter Units (see " Transmitters") 
Exciting Voltage   66 
Extended Double-Zepp Antenna  370 

I, 

F.M. (see " Frequency Modulation") 
F Layer   .391, 394-395 
Fading. 
Farad  
Feedback  
Feed, Series and Parallel 
Feeders and Feed Systems .  335-354, 358-360 
Feeding Dipole Antennas    359 
Feeding Long-Wire Antennas  362 
Feeding Mobile Antennas  484 
Feeding Rotary Beams  373 
Fidelity   99, 256 
Field Direction  15 
Field, Electromagnetic  15 
Field, Electrostatic  15 
Field Intensity .   15 
Field, Magnetostatic  15 
Field Strength   355 
Field-Strength Meter   487, 527 
Filament   60-61 
Filament Center-Tap  72 
Filament Hum   72 
Filament Isolation   165 
Filament Supply  228 
Filament Voltage  155 
Filter Capacitors in Series  227 
Filter Component Ratings.   226 
Filter, Crystal  107 
Filter Resonance  226 
Filters   49-51 
Audio.     .263, 267, 268, 269 
Band-Pass 49-50 
Crystal-Lattice    310 
Cut-Off Frequency  49 
Harmonic Suppression  349 
High-Pass   49-50, 563 
Keying.     244 
Line    548 
Lead    553 
Low-Pass.  49-50, 558 
M-Derived   51 
Pasa-Band  49 
Pi-Section   50-51 
Power-Supply  222 
R.F. Click.     244 
Stop Band.   49 
Terminating Impedance ....   51 

Filtering, Audio.  263, 267, 268, 269 
Filtering, Negative-Lead  227 
Filtering, TVI  548, 552, 554, 558, 560, 563 
Filter-Type S.S.B. Exciters  309 
Finishing Aluminum  500 
First Detector   94 
Fixed Bias    156 
Fixed Capacitor  24 
Flat Lines  339 
Flux Density, Magnetic 15, 27, 28 
Flux, Leakage  39 
Flux Lines  15 
Fly-Back   536 
Focusing Electrode   536 
Folded Dipole   . 359, 377 

24 
 68,109,266 

53 

PAGE 
Force, Electromotive  16 
Force, Lines of .   15 
Form, Log .   571 
Form, Message   572 
Fractions, Decimal Equivalents  500 
Free-Space Pattern  356 
Frequency  16 
Frequency Bands, Amateur  14 
Frequency Conversion  319 
Frequency Convertors (Receiver).    95-97 
Frequency Measurement: 

Absorption Frequency Meters.     513 
Frequency Standards   514 
Heterodyne Frequency Meters  517 
Interpolation-Type Frequency Meter  517 
WWV and WWVH Schedules.     518 

Frequency and Phase Modulation 323, 324 
Narrow-Band Reactance-Modulator Unit.. 326 
Deviation Ratio  324 
Discriminator .   329 
Index, Modulation  324 
Methods    325 
On V.H  F   420 
Principles  323 
R.F. Amplifiers  328 
Reactance Modulator  326 
Reception    330 
Transmitter Checking  326 

Frequency Multiplication    324 
Frequency Multipliers  . 145,166-167,419 
Frequency Response, Microphone  256 
Frequency Shift Keying 331, :133 
Frequency Spotting  541 
Frequency Stability    286 
Frequency-Wavelength Conversion  18 
Front End Overloading, TV  562 
Front-to-Back Ratio   355 
Full-Wave Bridge Rectifiers  220 
Full-Wave Center-Tap Rectifiers    219 
Fundamental Frequency  17 
Fusing 240, 543 

0 

Gain Control  109, 111, 260 
"Gamma" Match 374, 378, 454 
Ganged Tuning   93-94 
Gaseous Regulator Tubes  231 
Gasoline-Engine-Driven Generators  495 
Generator  16 
Generator Noise    .461, 495 
Germanium Crystal 80-81, V-32 
Grid  62 

Bias 73, 157, 235, 263 
Capacitor   . 74, 170 
Current  62 
Excitation.     . 75, 157 
Injection, Mixer.  96 
Keying..    246, 251 
Leak.   . 74, 157 
Resistor.  65, 74 
Suppressor  70 
Voltage  62 

Grid-Cathode Capacitance 69-70 
Grid-Dip Meters  519 
Grid-Input Impedance   158 
Grid-Leak Detectors.   92 
Grid Modulation   290, 294, 302 
Grid-Plate Capacitance 69-70 
Grid-Plate Crystal Oscillator  147 
Grid-Plate Transconductance  63 
Grid-Separation Circuit    . 71-72 
Ground 54, 356, 369 
Ground Effects  356 
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PAGE PAGE 
Meter Accuracy.    508 Mu, Variable    71 
Meter Installation   167 Multiband Antennas .  363, 365 
Meter Switching 167- 168 Multiband Tank Circuits  154 
Mho 19, 63 Multihop Transmission 391-392, 395 
Microampere   20 Multimeters 511 
Microfarad and Micromicrofarad  24 Multipliers, Frequency.  145, 166-167, 419 
Microhenry    27 Multipliers, Voltmeter   507 
Micromho  19, 63 Multirange Meters   511 
Microphones    256 Mutual Conductance    63 
Microvolt  20 Mutual Inductance.   29 
M ierowaves  77 
M iller Effect  69 
Milliammeters    508 
Milliampere  17, 20 
Al i I I i henry . . ............. . .. .. .. .......  26 
Nlillivolt  20 
Milliwatt .   22 
Minority Carriers  80 
Mixers .  94, 95-96, 319, 399 
Mixers, Transistor  97 
Mobile: 

Antennas .    480-487 
Mobile Modulators    477 
Power Supply    489 
Receivers: 

Mobile Converter for 3.5-28 Mc 
Crystal-Controlled Converters for 50 and 

144 Me 
Transistor Mobile Converter.   

Transmitters: 
20-Watt High-Frequency l‘lobile Trans-

mitter 
6- and 2-Meter Mobile Transmitters  

10-Watt Modulator.   
25-Watt Transistor Modulator  
Signal Field-Strength Meter  

Modes of Propagation  56 
Modulation, Heterodyning and Beats 58-59 
Modulation: 
Amplitude Modulation . ..  58, 284 
Capability ..     287 
Cathode Modulation .    294 
Characteristic .     286 
Checking A.M. Phone Operation 281, 296 
Choke-Coupled Modulation.     289 
Clamp-tube.     292 0 
Controlled-Carrier Systems  293 
Driving Power  257, 264 Off-Center Fed Antenna  364 
Envelope    284 Official Bulletin Station  576 
Frequelicy Modulation 323, 420 Official Experimental Station  576 
Grid Modulation 290, 294, 302 Official Observer   576 
Impedance 288, 295 Official Phone Station.    576 
Index  324 Official Relay Station   576 
Linearity.  286, 295 Ohm  18 
Methods    . 287-296 Ohm's Law 19-20 
Monitoring  296, 303, 538 Ohm's Law for A.0 34, 36 
Narrow-Band Frequency  . 323, 324 Ohmmeters  509 
Percentage of   984 Old Timers Club    579 
Phase Modulation.   323 One-Element Rotary for 21 Mc..  386 
Plate Modulation  ...288, 301 Open-Circuited Line   338 
Plate Supply.   287 Open-Wire Line  340 
Power    .. 285 Operating an Amateur Radio Station...572, 573, 584 
Screen-Grid Amplifiers  289 Operating Angle, Amplifier. . . ...... . ... 68 
Screen-Grid Modulation .   291 Operating a Station  . 566-579 
Suppressor-Grid Modulation  293 Operating Bias.    155-157 
Test Equipment 281, 296, 521, 535 Operating Conditions, R.F. Amplifier-Tube. . 154 
Velocity Modulation .    77-78 Operating Courtesy    566 
Wave Forms.   283, 285, 286, 297-301 Operating Point   64 

Modulator Tubes    259 Operator License, Amateur  13 
Modulators (see " Radiotelephony")  262 Oscillation 69, 74-76, 86 
" Monimatch" 351,530 Oscillations, Parasitic 162-163 
Monitors.  250, 252, 303, 538 Oscillator Keying   246 
Motorboating     113 Oscillators 74-76, 86 
Moving-Vane Instrument  507 Audio  520 
Mu (m)    63 Beat-Frequency 102 

N 

N-Type Material   80 
N.F.M. Reception  325 
Narrow-Band Frequency Modulation  323, 324 
National Electrical Safety Code  544-545 
National Traffic System .   ...... ... 573 
Natural Resonances   54 
Negative Feedback   69, 266 
Negative-Lead Filtering  227 
Negative-Resistance Oscillators  78 
Network Operation   572-573 

  463 Neutralization 154, 161-163, 397 
Neutral Wire  239 

  468 Nodes    337,357 
466 Noise Figures  88 

Noise Generators    522 
Noise-Limiter Circuits    462 

  471 Noise, Receiver   87-88, 103 
474 Noise Elimination, Mobile 460-462 
478 Noise Reduction 103-105, 460, 495 
478 Noise Silencer, I  F 105 
487 Noise Types  103 

Nomenclature, Frequency-Spectrum  . 17-18 
Nonconductors .   16 
Nonlinearity 64, 88, 287, 295 
Nonradiating Loads  345 
Nonresonant Lines  339 
Nonsynchronous Vibrators  491 
Nucleus  15 
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Grid-Dip. 
Overtone  419 
Transistor  86 
V.F  0  145, 147-150 

Oscilloscope Patterns:. .. 283, 285, 286, 297, 298, 299 
300, 301, 315, 317, 318, 319 

Oscilloscopes.  282, 296-301, 535 
Output Capacitor, Filter  926 
Output Limiting  267 
Output Power  66 
Output Voltage, Power Supply 226, 927 
Overexcitation, Class B Amplifier.   264 
Overloading, TV Receiver  562 
Overmodulation 286, 302 
Overmodulation Indicators  303 
Overtone Oscillators  419 
Oxide-Coated Cathode  61 

Crystal   145, 146-147, 419 
519 Piezoelectric Effect  

P(Power)  22 
P-Type Material  80 
P.M. (see " Phase Modulation") 
Padding Capacitor  
Page Printer .   
Parabolic Reflectors  
Parallel Amplifiers  66-67, 163 
Parallel Antenna Tuning  347 
Parallel Capacitances  25 
Parallel Circuits .  20-22, 95, 29, 34, 36 
Parallel-Conductor Line  0 
Parallel-Conductor Line Measurements.   53:433 
Parallel Feed   53 
Parallel Impedance 36, 44 
Parallel Inductances  29 
Parallel Reactances  34-35 
Parallel Resistances 20- 21 
Parallel Resonance  43-46 
Parasitic Elements, Antenna Arrays with.. 371, 451 
Parasitic Excitation  371 
Parasitic Oscillations   162-163 
Patterns, Oscilloscope . . . 283, 285, 286, 297, 298, 299 

300, 301, 315, 317, 318, 319 
Patterns, Radiation .    359, 362 
Patterns, TVI  550 
Peak-Current Value  17 
Peak-Voltage Rating (Rectifier) . 221 
Pencil Tubes 398, 418 
Pentagrid Converters    96 
Pentode Amplifiers   70-71 
Pentode Crystal Oscillators   147 
Pentodes    70 
Percentage of Modulation  284 
Per Cent Ripple.    9 ", 924, 226 
Permeability 27 
Plisse  32-33 
Phase Inversion   260 
Phase Modulation (see also " Frequency and 

Phase Modulation") 323, 324 
Phase-Modulation Reception  325 

:2664 
Phase Relations, Amplifiers.   
Phase-Splitter Circuit  
Phased Antennas  3 
Phasing-Type S.S.B. Exciters  307 
Phone Activities Manager   575 
Phone Reception  Ill 
Phonetic Alphabet.   569 
Pilot Lamp Data (Table)  505 
Pi Network  49 
Pi-Section Coupling 153, 160, 164 
Pi-Section Filters.  50-51 
Pi-Section Tank Circuit 49, 153, 164 
Pierce Oscillator.  146-147 

93 
330 
459 

PAGE 

Piezoelectric Cryst als  . 51-52 
51 

Piezoelectric Microphone  51 
Plane-Reflector Antennas, V.H  F  459 
Plate-Cathode Capacitance  70 
Plate-Current Shift  301 
Plate-Grid Capacitance 69-70 
Plate  60 

Blocking Capacitor   171 
Current    61 
Detectors  90 
Dissipat ion  155 
Efficiency    66 
Modulation 288, 301 
Resistance  63 
Resistor.   65 
Supply, Audio 264, 287 

Plate Tank Q   150-151 
Voltage  155 

Plate Transformer.   227 
Plate Tuning, Power-Amplifier    168 
Plates, Deflection  536 
" Plumber's Delight" Antenna  384 
Point-Contact Diode   80-81 
Point-Contact Transistor. 82 
Polarization  
Positive Feedback 
Potential Difference  
Potential, Ground  
Powder, Antistatic  
Power  
Power Amplification 
Power-Amplification Ratio  
Power Amplifier . 
Power Connections amt C4mtrol  
Power Factor . 
Power Gain, Antenna  
Power, Incident  
Power Input . 
Power, Instantaneous 
Power-Line Connec t lot is  
Power Measurement 22-23, 509, 525 
Power Output    66 
Power Ratio, Decibel  41 
Power, Reactive   35-36 
Power, Reflected   336 
Power Sensitivity  66 
Power-Supply Construction Data 228-243 
Power Supplies: 

Bias Supplies   235-238 
Combination A.C.-Storage Battery Supplies 492 
Construction  241 
Constructional (see Sections Five and Six) 
Dry Batteries  
Dynamotors  
Emergency Power Supply  
Filament Supply  
Heavy-Duty Regulated Power Supply  
Input Resistance  
Load Resistance.   
Mercury Batteries 
Noise Elimination  
Output Vcltage  
Plate Supply  
Principles  
Safety Precautions 
Selenium Rectifiers 921, 238, 243 
Transistor  494 
Typical  228 
Vibrators.   491 
Vibrator Supplies    492 

Preamplifier, Receiver  110 
Prediction Charts    393 
Preferred Values, Component  503 
Prefixes 581-583 

355, 357, 448, 485 
69 

15, 16 
54 

461 
29-23 

 66-68 
66 
66 

541-543 
  37 
355,362 

336 
 61,155 
  285 
  239 

496 
491 
491 
228 
233 
222 
222 
496 
495 
223 

264,287 
219 

  242 
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Primary Coil  37 
Procedure, C. W.  566-568,583 
Procedure, Voice 568-569 
Product Detector   91,97 
Propagation, Ionospheric 390-391,392-393 

394-395 
Propagation Modes . 56 
Propagation Phenomena .......... ... ... 394-396 
Propagation Predictions.  393,394,518 
Propagation, Tropospheric  . 393,395-396 
Propagation, V.I1  F  393-396 
Protective Bias  155-157 
Public Relations, BCI-TVI  546 
Public Service 10-11 
Pulleys, Antenna    383 
Pulsating Current  52 
Puncture Voltage 23,24-25 
Push-Pull Amplifier 66-67,163 
Push-Pull Multiplier.   167 
Push-Push Multiplier   167 

Q 

Q 43,47,55,150-151 
Q, Loaded Circuit 44-45 
Q, Mobile Antenna  482 
" Q "-Section Transformer  376 
Q Signals.   580 
QST  12 
Quad Antenna 374-376 
Quarter-Wave Transformer  376 

It 

It (Resistance)   18-22 
RACES  575 
RC Circuits.  30-31 
RCC Certificate.     579 
R.F  17 
R.M.S. Current Value  17 
RST System  580 
RTTY   330 
Radials   367 
Radiation, Transmission Line  339 
Radiation Angle 355,356,358 
Radiation Characteristics.   358 
Radiation from Transmitter   552 
Radiation Patterns 359,362 
Radiation Resistance  358 
Radio Amateur Civil Emergency Service. . . . 575 
Radio Frequency 17-18 
Radio Frequency Choke 26, 53, 171 
Radio Frequency Circuits 41-52 
Radiotelegraph Operating Procedure. . 566-568,583 
Radiotelephone Operating Procedure 568-569 
Radiotelephony: 
Adjustments and Testing 281,296,314,326 
Audio-Harmonic Suppression  263 
Checking A.M. Transmitters  296 
Checking F.M. and P.M. Transmitters.   326 
Constructional: 

Class B Modulator  280 
Low-Power Modulator (8 Watts)  270 
Narrow-Band Reactance Modulator  326 
Phasing-Type S.S.B. Exciters   307 
Speech Amplifier Circuit with Negative 
Feedback   266 

Speech-Amplifier with Push-Pull Triodes 265 
25-watt Modulator using Push-Pull 
6BQ6GTs.   272 

807 Class ABI Modulator (60 Watts) ..   274 
6146 Modulator and Speech Amplifier (120 

Watts)  277 

PAGE 

Driver st;tges  262 
Measurements 281,296 
Microphones .    256 
Modulation 284 
Modulators and Drivers.    262 
Monitors ..   303 
Output Limiting  
Overmodulation Indicators  
Principles  
Reception  
Resistance-Coupled Speech-Amplifier Data  
Single-Sideband Transmission  
Speech Amplifiers  
Volume Compression 

Radioteletype   
Radioteletype F.S.K. Converter 
Radio Waves, Characteristics of 
Radio Waves, Propagation of .   
Rag Chewers Club  
Range, V.H  F  
Ratio, Deviation  
Ratio, Image  
Ratio, Impedance  
Ratio, Short-Circuit Current Transfer 
Ratio, Turns  
Ratio, Power-Amplification . 
Ratio, Power Voltage, and Current  
Ratio, Standing Wave 
Ratio, Transformer  
Ratio, Voltage-Amplification 
Ratio, L/(' 
Reactance. Capacitive 

267 
303 
284 
111 
259 
304 
257 
267 

 330-334 
  332 
389-390 
393-396 
  579 

394 
  324 

94 
  39 
  84 

38 
66 
41 

 337.528 
262 
64 

 45-46, 152-153, 291 
33 

Reactance, Inductive  33-34 
Reactance, Leakage    39 
Reactance Modulator  326 
Reactance, Transmission-Line    335 
Reactive Power  35-36 
Readability Scale.    580 
Receiver Alignment   112-114 
Receiver, Communications  87 
Receiver, Coupling to  345 
Receiver Muting    251 
Receiver Servicing .  112-114 
Receivers, High-Frequency (See also 
" V.H.F.")     . 87-144 
Antennas for.     380 
Constructional: 
Antenna Coupler for Receiving  
Bonus 21-Mc. Converter  
Clipper/Filter for C.W. or Phone  
DCS-500 Double-Conversion Superhet 
"Fail-Proof" Conelrad Alarm ... 
Regenerative Preselector for 7 to 30 
Selective Converter for 80 and 40  
"Selectoject"  
SimpleX Super   
Transistorized Q Multiplier. 
2 X 4 ± 1 Superhet  

Converters 
Detectors 
High-Frequency Oscillator. 
Improving Performance of   
Noise Reduction  
Radio-Frequency Amplifier 
Regenerative Detectors  
Selectivity 87,88,106-108 
Sensitivity 87,110-111 
Superheterodyne  94 
Superregenerative 
Tuning 93-94,111-112,330 

Reception, A.M. and C.W 111-112 
Reception, N.F.M., F.M. and P.M.   328 
Reception, Single-Sideband    321 
Rectification.   . 61-62 

In Non-Linear Conductors ......... 

129 
126 
132 
134 

. 143 
Mc 130 

124 
128 
115 
141 
119 

 95-97 
 88-92 

97-98 
114 
103 
108 

91-92 

400 

... 561 
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Rectified A.C.  
Rectifiers   219, 238, 243, V-24 
Rectifiers, Mercury-Vapor ')21, V-24 
Rectifiers, Ratings.    221 , 223 
Rectifiers, Selenium 221, 238, 243 
Rectifier-Type Voltmeter.   510 
Reflected Power.   338 

• Reflection of Radio Wave 336, 394-396 
Reflection from Meteor Trails.   396 
Reflection, Ground 356, 390 
Reflector, Antenna    373 
Refraction of Radio Waves .390, 395-396 
Regeneration 68-69, 107, 111 
Regenerative Detectors 91-92 
Regenerative I.F.    107 
Regulation, Driver  311 
Regulation, Voltage    .222, 223, 231 
Regulations, Amateur 13-14 
Regulations, Conelrad 143, 488, 579 
Regulator, High Voltage  233 
Regulator Tubes   231 
Regulator, Voltage 
Relays  
Reperforator.   
Resistance 
Resistance, Back 
Resistance, Forward  
Resistance-Bridge Standing-W ave Indicator . 528 
Resistance-Capacitance Time Constant 30-31 
Resistance-Coupled Amplifier Data (Chart)  259 
Resistance in Series and Parallel 20-22 
Resistive Impedance  
Resistivity  
Resistor. 
Resistor Color Code  
Resistor Wattage  
Resonance  
Resonance Curve 42, 44, 48, 88 
Resonance, Filter  226 
Resonance, Sharpness of  .42, 374 
Resonant Circuits, Coupled  47 
Resonant Frequency  42 
Resonant-Line Circuits  55 
Resonant Transmission Lines    339 
Resonator, Cavity . 57 
Response, Flat .  48, 69 
Response, Frequency.  48, 69, 256 
Restricted-Space Antennas   303-368 
Restriction of Frequency Response .. . .  267, 321 
Return Trace    536 
Rhombic Antenna  
" Ribbon" Microphone.   
Ripple Frequency and Voltage.  222, 224, 226 
RMS Voltage  17 
Rochelle Salts Crystals    . 51, 256 
Rotary Aetenitas .   371 
Rotary Antennas, Feedlines for  373 
Rotary-Beam Construction    383 
Route Manager  575 

231, V-23 
  542 
  330 

 18-22 

44 
18 
19 

504 
22 

41-46 

8 

S-Meters   105-106 
S Scale.     580 
S.S.B. Exciters..     305 
Safety  242, 542 545 
Safety Code, National Electric    544-545 
Saturation  28, 227 
Saturation Point   61 
Sawtooth Sweep  536 
Schematic Symbols  2 
Screen Byppss Capacitor  74 
Screen Circuits, Tuned   420 
Screen Dissipation  157 

PAGE PAGE 
61 Screen Dropping Resistor  74 

Screen-Grid Keying.   246 
Screen-Grid Modulation .     291 
Screen-Grid Neutralization  161 
Screen-Grid Tube Protection.     157 
Screen-Grid Tubes   70-71 
Screen Voltage. 156 
Screen-Voltage Supply  74 
Second Detector   94, 101-102 
Secondary Coil.   37 
Secondary Emission  70 
Secondary Frequency Standard  514 
Section Communications Manager.  574, 575 
Section Emergency Coordinator.    574, 575 
Section Nets  576 
Selective Fading  392 
Selectivity  ..42, 47-48, 87, 88 
Selectivity, I.F 106-107, 108 
Selectivity, Receiver 87, 88, 106-108 
Selenium Rectifiers .    221, 238, 243 
Self-Bias    156 
Self-Controlled Oscillators 145, 147-150 
Self-Inductance  26 
Self-Oscillation . 70 
Semiconductors    . 80-86 

81 Sending 567-568 
81 Sensitivity, Receiver  87, 110-111 

Series Antenna Tuning.     347 
Series Capacitances.   25 
Series Circuits  20-22, 25, 29, 34, 36 
Series Feed  53 
Series Inductances  29 
Series-Parallel Resistances..    20-22 
Series Reactances 34-35 
Series Resistances    . 20-21 
Series Resonance 41-43 
Series Voltage-Dropping Resistor. 230 
Servicing Superhet Receivers  112 
Sharp Cut-Off Tubes   71 
Sheet Metal Cutting and Bending ......   500 
Shielding   54, 552 
Shields  54 
Short Skip.     395 
Shorting Stick  543 
Short-Circuiting ..   23 
Shot-Effect Noise  87 
Shot Noise  103 
Shunt Matching, Ground-Plane Antenna  367 
Shunt, Meter  
Sideband Cutting  

369 Sideband Interference.   
257 Sidebands  

Sidebands, F.M. and P.M 
Sideband Techniques  
Side Frequencies  
Signal Envelope Shape  
Signal Generators  
Signal-to-Image Ratio  
Signal Monitoring  
Signal-Strength Indicators 
Signal-Strength Scale  
Signal Voltage  
Silencer, Noise  
Silicon Diodes 81, V-32 
Sine Wave 17, 32 
Single-Ended Circuits . 54 
Single Sideband (see also " Radiotelephony"): 
Adjustment   308, 314 

311 
Exciters.     . 307, 309 
Generators  305 
Identification    .. 322 
Mixers    319 
Signal Reception  321 
Transmission  304 

508 
  99 

  284 
 58, 284 

  324 
304 

 58, 284 
244 

  520 
94 

• 
  250 

 105-106 
580 
63 
105 

Amplification  
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Two Tone Test   315 
Single-Signal Reception  ..   107 
Skin Effect  19 
Skip Distance 391, 395 
Skip Zone    391 
Skirt Selectivity. 88 
Sky Wave  390 
Slug-Tuned Inductance  91 
Smoothing Choke    227 
Solar Cycle.  392, 395 
Soldering 500-501 
Space Charge    60 
Space Wave   390 
Spark Plug Suppressors   461 
Specific Gravity  490 
Specific Inductive Capacity .   23 
Spectrum, Frequency.  17, 18 
Speech Amplifiers   257 
Speech-Amplifier Construction    261 
Speech Amplifier Design  260 
Speech Clipping and Filtering  268 
Speech Compression    267 
Speech Equipment  256 
Speed Key  254 
Splatter    286 
Splatter-Suppression Filter  269 
Sporadic-E Layer Ionization 392-393, 395 
Sporadic-E Skip     395 
Spotting, Frequency  541 
Spreading of Radio Waves.     389 
Spurious Responses 95, 112, 398, 562 
Spurious Sidebands.   302 
Squegging  98 
Squelch Circuits  110 
Stability, Amplifier 161-163 
Stability, Frequency  286 
Stability, Oscillator   75, 399 
Stabilization, Voltage  231 
Stacked Arrays 370, 455 
Stagger-Tuning  48 
Standard Component Values. ..     503 
Standards, Frequency.   514 
Standard Metal Gauges  500 
Standing Waves..     336 
Standing-Wave Ratio 337, 528 
Starting Voltage (Regulator Tubes) ........ 231 
States, W Prefixes by  083 
Static Collectors  461 
Station Appointments.     576 
Station Assembling   539-545 
Station Control Circuits .   545 
Storage Battery, Automobile.   490 
Straight Amplifier    145 
Stray Receiver Rectification    547 
Stubs, Antenna-Matching  449 
Sunspot Cycle   392, 395 
Superheterodyne  94 
Superheterodyne, Alignment and Servicing . 112-114 
Superhigh Frequencies (see Ultra High Fre-

quencies and Very High Frequencies)  
Superimposed A.C. on D.C. ..........   52 
Superregeneration  400 
Suppressed Carrier  304 
Suppressor Grid    70 
Suppressor-Grid Modulation 293 
Surface Barrier Transistor  83 
Surface Wave.     390 
Surge Impedance.  335, 341 
Surplus Transmitters for Novices, Converting. 215 
Sweep IN ave Forms.   536 
Swinging Choke..   225 
Switch  19 
Switch to Safety  242 
Switches, Power..    542-543 

380 Switching, Antenna 

Switching, Meter...   
Symbols for Electrical Quantities 
Symbols, Schematic  
Symbols, Transistor  
Synchronous Vibrators  

PAGE 

167 
2 
2 

83 
491 

T 

"T"-Match to Antennas .  374, 378 
"T"-Section Filters  50 
T.R. Switch  253 
Tank-Circuit Q   .43, 152 
Tank Circuits, Multiband   154 
Tank Constants  152-153 
Tape Printer .     330 
Telephone Interference.     548 
Teletype Code  330 
Television Interference, Eliminating 420, &16 
Temperature Effects on Resistance  19 
Temperature Inversion .   395 
Termination, Line  335 
Tertiary Winding  100 
Test Oscillators    520 
Test Signals   567 
Tetrode  70 
Tetrode Neutralization.   161 
Tetrodes, Beam   71 
Thermal-Agitation Noise    87 
Thermionic Emission    60 
Thermocouple  523 
Thoriated-Tungsten Cathodes  61 
Tickler Coil  92 
Time Base.     536 
Time Constant   30-31, 102 
Time Signals    ..   518 
Tire Static    461 
Tone Control  267 
Tools    .497-499 
Top Loading, Mobile Antenna  482 
Trace, Cathode-Ray  536 
Tracing Noise.     462 
Tracking 93-94, 109-110 
Training Aids  576 
Transatlantics  10 
Transconductance, Grid-Plate.   63 
Transformation, Impedance  45 
Transformer Color Codes.  504-505 
Transformer Construction 40 
Transformer Coupling 46, 65, 258 
Transformer, Delta-Matching  360 
Transformer Efficiency.   38 
Transformer, Gamma  .374, 378 
Transformer, Linear  376 
Transformer Power Relationships  38 
Transformer, " Q "-Section  376 
Transformer Ratio  262 
Transformer, T-Match  374, 378 
Transformerless Power Supplies  238 
Transformers 37-40 

Air-Tuned  100 
Auto    40 
Constant-Voltage   241 
Diode  100 
Filament  228 
I.F ...     100 
Permeability-Tuned    100 
Plate  227 
Triple-Tuned  100 
Variable-Selectivity.   100 

Transistors  82-86, V-31 
Transistor Base Diagrams .   V-31 
Transistor " Grid- Dip" Oscillator  520 
Transistor I.F. Amplifier   100-101 
Transistor Mixers.   97 
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Transistor Power Supplies   494 
Transistor R.F. Amplifier   108 
Transit Time 77-78 
Transmission Lines   335 
Transmission Lines as Circuit Elements  .. 55-56 
Transmission-Line Construction   340 
Transmission-Line Coupling  151 
Transmission-Line Feed for Half-Wave An-

tennae  
Transmission Line Losses  
Transmission, Multihop  
Transmit-Receive Switch  
Transmitters: (see aleo " Very-High Frequen-

cies" " Ultrahigh Frequencies" and 
" Mobile") 
Constructional: 
Medium Power Tetrode Amplifier  194 
Compact 650-Watt Amplifier   201 
Converting Surplus Transmitters for Nov-

ice Use    215 
Grounded-Grid Amplifier (500 Watts).   197 
Remote-Tuned V.F.O    190 
Self-Contained 500-Watt Transmitter ..   186 
Single 813 Amplifier   191 
1-Tube 2-Band Transmitter (50 Watts)   175 
V.F.O. With Differential Keyer.   211 
1-Tube 3-Band Transmitter for the Nov-

ice (30 Watts)  172 
4-250As in a 1-Kw. Final .   206 
75 Watt 6DQ5 Transmitter (Five Bands)  178 
90 Watt All-Purpose Amplifier ......   182 

Metering  167 
Principles and Design    145-218 

Transverse-Electric and Magnetic Mode  56 
"Trap" Antennas  365 
Trapezoidal Pattern 297-301, 316 
Traveling-Wave Tube 79 
Trimmer Capacitor  93 
Triodes   62-63 
Triode Amplifiers    163 
Triode Clippers 76-77 
Triode-Hexode Converter  97 
Tripler, Frequency     145 
Tri-Tet Oscillator . .     ... 147 
Trophosphere Propagation   393, 395-396 
Tropospheric Bending.  393, 395-396 
Tropospheric Waves    393 
Trouble Shooting (Phone Transmitters) .. _ 296-303 
Trouble Shooting (Receivers)   112 
Trouble Shooting (Speech Equipment) .... 281, 303 
Tube Elements.    60 
Tube Keyer  249 
Tube Noise  87 
Tube Operating Conditions, R.F. Amplifier  154 
Tube Ratings, Transmitting  155 
Tubes, Modulator  262 
Tuned Circuits, Tapped  49 
Tuned Coupling 152, 347 
Tuned Screen Circuits  420 
Tuned-Grid Tuned-Plate Circuit   75 
Tuned-Line Tank Circuit .    56 
Tuned Transmission Lines  339 
Tuners, Antenna, Construction of: 
Coax-Coupled Matching Circuit.  349, 351 
Matching Circuit for High or Low Impedance 352 
Receiver Coupler  129 

Tuning Indicators  105-106 
Tuning R. F. Amplifiers  168 
Tuning Receivers.   . 93-94 
Tuning Slug  94 
Turns Ratio   38 
TV! 420, 546 
TV Receiver Deficiencies.  562, 565 
"Twin-Five" Array  456 
_ Twin-Lamp Standing-Wave Indicator   535 

359 
343 

 391-392,395 
253 

PAGE 

Twin-Lead 340-341 
Two-Tone Test    315 

Ultra-High-Frequencies: 
Cavity Resonators .   57 
Circuits   55-57 
Klystrons  78 
"Lighthouse" Tubes 77, 398 
Magnetrons 78-79 
Pencil Tubes  398 
Tank Circuits .    55-57 
Transmission-Line Tanks 55-56 
Traveling-Wave Tubes.   79 
Tubes   77-79 
Velocity Modulation 77-78 
Waveguides 56-57 

Unbalance in Transmission Lines.. .. ..   341 
Underwriters' Code 544-545 
Unsymmetrical Modulation    285 
Untuned Transmission Lines  339 
Upward Modulation    285 

V 

"V" Antennas  369 
VAR  36 
VR Tube Break-In System  247 
VR Tubes  231 
Vackar V.F.O. Circuit  214 
Vacuum Tubes and Semiconductors 

(Index to Tables)  V-1 
Vacuum-Tube Keyers  249 
Vacuum Tube Principles   60-79 
Vacuum-Tube Voltmeter    511 
Variable Capacitor    24 
Variable-Frequency Oscillators  . 145, 147-150 
Variable-g Tubes  71 
Velocity Factor    342 
Velocity Microphone.     257 
Velocity-Modulated Tubes  78 
Velocity Mcdulation . .   .. 77-78 
Velocity of Radio Waves 18, 389 
Vertical Amplifiers  536 
Vertical Angle of Radiation .    355 
Vertical Antennas   . 367, 458 
Vertical Polarization of Radio Waves 389, 448 
Very-High Frequencies (V.H.F.): 
Antenna Coupler .......... .... .. .. ..... 434 
Antenna Systems .   448-459, 485 
Propagation    . 394-396 
Receivers.     .397-418 

Construction: 
Crystal-Controlled Converter for 432 

Mc.   411 
Crystal-Controlled Converter for 50 and 

144 Mc. Mobile Use. 468 
Crystal-Controlled Converters for 50, 

144 and 220 Mc.     401 
Crystal-Controlled Converter for 1296 

Mc..     414 
I.F. Amplifier and Power Supply  407 
Preamplifier for 220 Mc  408 
Receivers for 420 Mc  409 
R.F. Amplifier for 420 Mc  410 

Superregenerative  400 
V.H.F. Receiver Design  397 

Transmitters   419-447 
Antenna Couplers  434 
Construction: 

High-Power Transmitter for 50 and 144 
Mc  421 
50-Mc. Amplifier    424 
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144-Mc. Driver-Amplifier.   429 
Simple Transmitters for 50 and 144 Mc. 435 
Simple Transmitter for 220 and 420 Mc. 441 
Triple-Amplifier for 432 Mc   446 
Mobile Transmitters for 50 and 144 Mc. 474 
40 Watt Transmitter for 220 Mc 443 

Design 419-420 
V.F  0  145, 147-150 
V.F.O., Vackar Circuit   214 
VVV Signals   567 
Vibrator Power Supplies    491 
Virtual Height    390 
Voice-Controlled Break-In .     320 
Voice Operating.  568-569 
Volt  17 
Volt-Amperes    36 
Volt-Ampere Rating   928 
✓oltage, Amplification. 63-64,258 
Voltage Amplifier  66 
Voltage Breakdown .   23, 24, 25 
Voltage Decay  30 
Voltage Dividers   230 
Voltage Distribution, Antenna    361 
Voltage Drop   21, 230 
Voltage Gain  65, 258 
Voltage Loop 337, 357 
Voltage-Amplification Ratio  64 
Voltage Multiplier Circuits    238 
Voltage Node   337, 357 
Voltage-Turns Ratio, Transformer  3g 
Voltage Regulation   ,,, q23,231 
Voltage-Regulator Interference  461 
✓oltage, Ripple  """, '24, 226 
Voltage Rise .   43 
Voltage-Stabilized Power Supplies  231 
Voltmeters  507, 511, 523 
Volume Compression  267 

ilr 

W Prefixes by States.   583 
W1AW 12, 577, 578 
WAC Award.     578 
WAS Award .   577 
Watt  22 
Watt-Hour    23 
Watt-Second  23 

PAGE 

Wave Angle   355, 356, 358, 391 
Wave-Envelope Pattern 286, 297, 299, 300, 301 
Wave Front  389 
Wave, Ground    390 
Wave Guide Dimensions 56-57 
Wave Guides  
Wavemeters  
Wave Propagation.   
Wave, Sine  
Wave, Sky  
Wave Form  
Wavelength  
Wavelength-Frequency Conversion  
Wavelengths, Amateur 
Waves, Complex  
Waves, Distorted  
Waves, Electromagnetic.   
Wave Traps  
Wheel Static . 
Wide-Band Antennas, V.!!  F  
"Windom" Antenna  
Wiring Diagrams, Symbols for  
Wiring, Station  
Wiring, Transmitter 
Word Lists for Accurate Transmission  
Working DX 
Working Voltage, Capacitor  
Workshop Practice  
W WV and WWVH Schedules.   

56 
513 

. 389-396 
17,32 

390 
17 

17-18 
18 
14 

 17, 37 
64 
15 

552, 564 
461 
458 
364 
2 

543- 544 
501-502 

569 
569-570 

226 
497-506 

518 

If (Reactance)  33 

Y 

" Yagi" Antennas 449,455 

Z (Impedance)   36 
Zener Diodes 81-82, V-32 
Zener Knee  81 
Zero Beat    92 
Zero-Bias Tubes.   67 
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