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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 

ANTENNA GROUND 

_L 
TT 

FIXED CONDENSER 
(See Footnote 1) 

A. B. 
VARIABLE OR ADJUSTABLE 

CONDENSER 
A- Single- section 
B- stator 
(See footnote 2) 

C. 

AIR- CORE INDUCTOR 

A- Fixed coil or r f choke 
B- Coil with fixed tap 
C- Coil with variable tap 
(small circles indiate plug-on o'-
jack or binding-post terrmna/s) 

IRON-CORE INDUCTOR 
OR CHOKE 

I B 

A-AIR-CORE TRANSFORMER 
OR INDUCTIVELY-COUPLED COILS 
(Arrow used only dew/Pliny 
is variable) 
B- LINK-COUPLED COILS 

Ell 
IRON-CORE TRANSFORMERS 
A- Lainin,A•,/ core 
8-Powdered-iron core 
(Arrows Mdirob, variable 
core or permeability tuning) 

•—v‘AAAAAr—• 

FIXED RESISTOR 

••••--WIAre--• 

VARIABLE RESISTOR, 
POTENTIOMETER, VOLTAGE 
DIVIDER, RHEOSTAT, ETC. 

ELECTRICAL HEATER ELEMENT 

WIRING DIAGRAM DEVICES 
A - Wires connected 
B- Wires not connected 

<:).(=>C). 

TWISTED- PAIR CABLE 

COAXIAL CABLE 

- 

SHIELDED WIRE OR CABLE 

SHIELDING 

TERMINALS 
with appropriate labels 

1 1 1 11111 

Ai BI cl? DI 
SWITCHES 

A- SPIT c- D.PS.T. 
B-S.P.D.T D-RotaryMultipoint 

 v I 

KEY 

 t==. 

PLUG 

JACK 

®   
POWER PLUGS 
A-Non-polarized 
8-Polarized 

Nonpolarized and polarized 
power receptacles 

FUSE 

— C1C1 

E 
MICROPHONES 

A-Single-button D- Dynamic 
8-Double-button E- Velocity 
C- Condenser F- Crystal 

V V  
PHONO PICK UPS 

Electromagnetic and crystal 

-6b-
Double Single 
HEADPHONES 

LOUDSPEAKER 

EP:5? 

BUZZER 

o  

A 
RELAYS 

A- Normally- open 
B-Normally- closed 

A 2 D B 11.- -C 

viBRATORS 
A- Non-rectifying 
8- Self- rectifying 

METER 
(with e. proper 

identification - V,14.4,etc) 

=1111e- 1-11-1-
BATTERY SINGLE CELL 

RECTIFIER 
(Usually dry-disk) 

.(do t) 

INDICATES GASEOUS TUB" 

Plate 

Ftlament 
DIODE VACUUM TUBE 

Plate 

Filament 
TRIODE VACUUM TUBE 

G 

6, 

Catiwde 

MULTIGRID VACUUM TUBE 
The grids are usually 
numbered,G1 being that 
closest to the cathode 

FILAMENT 
OR HEATER 

Y 
GRID 

(Also beam-confining 
or beam-forming 

electrode) 

—cl 

DIODE 
PLATE ANODES 

Plate 
G4 

62 

CATHODE 

PHOTOELECTRIC COLD 
CATHODE CATHODE 

- 
PLATE 

\"-/ —1 
ELECTRON-RAY CATHODE-RAY 
TUBE TARGET TUBE DEFLECTING 

ANODES PLATES 

LAMPS 
A- Panel or dial 
8-11Iumi meting 

NEON BULB op-VOLTAGE REOULATOR 
(VR) TUBE . 

• 

A «IiICRYSTALS 1 B 
A- Piezoelettric 
B- Detector 

1 Where it is necessary or desirable to identify the electrodes, the curved elem., represents the outside electrode 
(marked "outside foil," "ground," etc.) in fixed paper- and ceramic-dielectric cow/users, and the negwire electrode 
in electrolytic condensers. 

In the 'modern symbol, the curved line indicates the moving element (rotor pl,os) in variable and adjustable air-
or mica-dielectric condensers. 

In the case of switches, jacks, relays, etc., only the basic combinations are shcri. Any combination of these sym-
bols may he assembled as required, following the elementary forms shown. 
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TWENTY-ONE years ago — in 1926 — the first edition of The Radio Amateur's Hand-
book was presented to the amateur world. Produced by the amateur's own organization, the 
American Radio Relay League, and written with the needs of the practical amateur con-
stantly in mind, its publication was eagerly greeted by the radio enthusiasts of that day. 
Subsequent editions have earned ever-increasing acceptance not only by amateurs but by all 
segments of the radio world, from students to engineers, servicemen to operators. 

This wide dependence on the Handbook, evidenced by a total printing of over a million 
and a half copies, primarily is founded on its practical utility, its treatment of radio com-
munication problems in terms of how-to-do-it rather than by abstract discussion and abstruse 
formulas. 
But there is another factor as well: dealing with a fast-moving and progressive science, 

sweeping and virtually continuous modification has been 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 rewriting is a major task of the head-
quarters group of the League, participated in by skilled and experienced amateurs well 
acquainted with the practical problems in the art. 

In contrast to most publications of a comparable nature, the Handbook is printed in the 
format of the League's monthly magazine, QST. This, together with extensive and usefully-
appropriate catalog advertising by manufacturers producing equipment for the radio ama-
teur, makes it possible to distribute for a very modest charge a work which in volume of 
subject matter and profusity of illustration surpasses most available radio texts selling for 
several times its price. 
When war came to this nation it was discovered by the military and other agencies that 

the Handbook was precisely what was needed to help make practical radiomen for the Army 
and Navy and to help those who were training themselves for wartime radio work. Not only 
was the Handbook used as a text or reference in many training programs, but it also provided 
source data for many service-written special courses. During the war years the training 
aspects have been given increasing emphasis — not, however, to the detriment of other 
long-established features, but rather by increasing the size and scope of the book. 

With the constant editorial problem before us of gearing each year's edition to the needs of 
amateur radio of that year, as we perceive them, it has seemed hest to leave intact in this 
edition the entire section on principles and design factors, large as that portion of the book 
grew during the war years. During this early postwar period there are many new people coin-
ing into amateur radio who need sound guidance, and it is a commonplace among practising 
amateurs that we all grew so rusty during the war that we have forgotten many of even the 
simple and fundamental things in radio. The preservation of this material in a connected and 
related manner seems to our staff to be. the best possible way of presenting it during this 
transition period. The section of the book dealing with the construction of equipment, on the 
other hand, has been thoroughly revised in terms of postwar practices and postwar com-
ponents. Many new pieces of apparatus, employing the best known amateur technique, have 
been designed and built for this year's edition, and proved by thorough testing, so that we are 
confident that other amateurs will find them reliable guides in their constructional projects. 
A word about the reference system: It will be noted that each chapter is divided into 

sections and that these are numbered serially within each chapter. The number takes the 
form of two digits or groups separated by a hyphen. The first figure is the chapter number, 
the second the section number within the chapter. Cross-references in the text take such a 
form as (§ 4-7), for example, which means that the subject referred to will be found discussed 
in Chapter Four, Section 7. Throughout the book, illustrations are serially numbered within 
each chapter. Thus Fig. 1107 can be readily identified as the seventh illustration in Chapter 
Eleven. There is a carefully-prepared index at the rear of the book. 
To a long-established reputation of indispensability in the amateur station of prewar days 

the Handbook now has added a proud record of participation in the national war effort. With 
the opening of the new postwar era in amateur communication, we 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. 

WEST HARTFORD, CONN. 
December, 1946 

KENNETH B. W ARNER 
Managing Secretary, A.R.R.L. 
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THE A ATEUR'S 

come 
• 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 
operating 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 coiiperation 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. 



Chapter cflCl 

_Amateur Pali° 

COUNTLESS thousands of persons all 
over the world have enjoyed the thrills and 
pleasures of amateur radio. This is a brief ac-
count of how it grew into the magnificently-
useful institution it is today. 
Amateur radio is as old as the art itself. 

There were amateurs before the present cen-
tury. Shortly after the late Marconi astounded 
the world with his experiments proving that 
wireless telegraph messages actually could be 
sent, "amateurs" were attempting to duplicate 
his results. But amateur radio actually began 
when private citizens discovered this means 
for personal communication with others, and 
set about learning enough about " wireless" to 
build home-made stations. Its subsequent de-
velopment may be divided into two phases, 
the period before 1917 and the years between 
that war and December 7, 1941. Plus, of 
course, the new phase now opening. 
Amateur radio of pre-World War I bore 

little resemblance to radio as we know it today, 
except in principle. Transmitting and receiving 
equipment was of a type now long obsolete. 
No U. S. amateur had ever heard a foreign one 
nor had any foreigner ever reported an Ameri-
can signal. The oceans were an impenetrable 
wall. Cross-country communication could be 
accomplished only by relays. " Short waves" 
meant 200 meters; the entire spectrum below 
that was a vast silence undisturbed by any 
signals. By 1912, however, there were numer-
ous Government and commercial stations and 
hundreds of amateurs; regulation was needed; 
and laws, licenses and wavelength specifica-
tions for the various services appeared. 

"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 jumped from local to 500-
mile and even occasional 1,000-mile two-way 
contacts. Because all long-distance messages 
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 ii 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 
famous 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 were then over 6,000 amateurs. 
Over 4,000 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 
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 Armis-
tice. 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 13. 
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 Q87' 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 
to get back on the air. 
From the start, amateur radio took on new 

aspects. Wartime needs had stimulated tech-
nical development. Vacuum 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. 
As DX became 1,000, then 1,500 and then 

2,000 miles, amateurs began to dream of trans-
Atlantic work. Could they get across? In 
December, 1921, in what has been called the 

9 



/0 Chapter One 
greatest sporting event of all time, ARRL sent 
abroad an expert amateur, Paul F. Godley, 
2ZE, with the best receiving equipment avail-
able. Tests were run, and thirty American sta-
tions were heard in Europe. In 1922 another 
trans-Atlantic test was carried out and 315 
American calls were logged by European ama-
teurs and one French and two British stations 
were heard on this side. 

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 indicated that as the wave-
length dropped the results were better. A growing 
excitement began to spread through amateur 
ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama-
teur trans-Atlantic communication was accom-
plished, when Schnell, 1MO, and Reinartz, 
1XAM (now W9UZ and W3IBZ, respec-
tively) worked for several hours with Deloy, 
8AB, in France, with all three stations on 110 
meters! 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 conferences, in 1924, 
wisely obtained amateur bands not only at 80 
meters but at 40, 20, 10 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 1XAM worked 6TS 
on the West Coast, direct, at high noon. The 
dream of amateur radio — daylight DX! 
was finally true. 
From then until " Pearl Harbor," when U. S. 

amateurs were again closed down " for the 
duration," amateur radio thrilled with a series 
of unparalleled accomplishments. Countries 
all over the world came on the air, and the 
world total of amateurs passed the 100,000 
mark. . . . ARRL representatives deliberated 
with the representatives of twenty-two other 

nations in Paris in 1925 where, on April 17th, 
the International Amateur Radio Union was 
formed — a federation of national amateur 
radio societies. . . . The League began is-
suing certificates to those who could prove 
they had worked all six continents. By 1941 
over five thousand WAC certificates had been 
issued! 

Amateur radio is a grand and glorious 
hobby but this fact alone would hardly merit 
such wholehearted support as was given it by 
our Government at international conferences. 
There are other reasons. One of these is a thor-
ough appreciation by the Army and Navy of 
the value of the amateur as a source of skilled 
radio personnel in time of war. Another asset 
is best described as " public service." 

About 4,000 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 
the establishment of the Naval Communica-
tions Reserve and the Army-Amateur 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. 

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 '23 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 United States pro-
vided the home contacts. The success of this 
venture was such that other explorers followed 
suit. During subsequent years a total of per-
haps two hundred voyages and expeditions 
were assisted by amateur radio, and for many 
years no expedition has taken the field without 
such plans. 

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 eastern states flood, the 
1937 Ohio River Valley flood, and the South-
ern California flood and Long Island-New 
England hurricane disaster in '38 called for 
the amateur's greatest emergency effort. In 
these disasters and many others — tornadoes, 
sleet storms, forest fires, blizzards — amateurs 
played a major rôle in the relief work and 
earned wide commendation for their resource-
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fulness in effecting communication where all 
other means had failed. During 1938 ARRL 
inaugurated a new emergency-preparedness 
program, registering personnel and equipment 
in its Emergency Corps and putting into ef-
fect a comprehensive program of cooperation 
with the Red Cross. 
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 came 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.a.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 up to 
several thousand miles — transcontinental 5-
meter DX had been accomplished! 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. Many amateur develop-
ments have come to represent valuable contri-
butions to the art. The complete record would 
fill a book! From the ARRI.'s own laboratory 
in 1932 came James Lamb's " single-signal" 
superheterodyne -- the world's most advanced 
high-frequency radiotelegraph receiver — and, 
in 1936, the " noise-silencer" circuit for super-
heterodynes. During the war, 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 development of modern military com-
munications equipment. 
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. 

II The American Radio Relay League 

The ARRL 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 organized to represent the 

amateur in legislative matters. It is pledged to 
promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested in the relaying of messages by amateur 
radio. It is concerned with the advancement 
of the radio art. It stands for the maintenance 
of fraternalism and a high standard of conduct. 
One of its principal purposes is to keep ama-
teur activities so well conducted that the ama-
teur will continue to justify his existence. 
The operating territory of ARRL is divided 

into fourteen U. S. and six Canadian 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 a Canadian General Man-
ager is elected every two years by the Cana-
dian membership. These directors then choose 
the president and vice-president, who are also 
members of the Board. The managing secretary, 
treasurer and communications manager are 
appointed by the Board. 
ARRL owns and publishes the monthly 

magazine, QST. Acting as a bulletin • of the 
League's organized activities, QST 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. 
ARRL maintains a model headquarters am-

ateur station, known as the Hiram Percy 
Maxim Memorial Station, in Newington, 
Conn. Its call is W1AW, the call held by Mr. 
Maxim until his death and later transferred to 
the ARRL station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the sta-
tion to be heard regularly all over the world. 
Among its other activities the League main-

tains, at its headquarters offices in West Hart-
ford, Conn., a Communications Department 
concerned with the operating activities of 
League members. A large field organization is 
headed by a Section Communications Manager 
in each of the country's seventy-one sections. 
There are appointments for qualified members 
as Official Relay Station or Official 'Phone 
Station for traffic-handling; as Official Ob-
server for monitoring frequencies and the 
quality of signals; as Route Manager and 
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'Phone Activities Manager for the establish-
ment of trunk lines and networks; as Emer-
gency Coordinator for the promotion of 
amateur preparedness to cope with natural 
disasters. Mimeographed bulletins keep ap-
pointees informed of the latest developments. 
Special activities and contests promote oper-
ating skill and thereby add to the ability of 
amateur radio to function " in the public inter-
est, convenience and necessity." A special sec-
tion is reserved each month in QST for ama-
teur news from every section of the country. 

111 Amateur Licensing in 
the United States 

The Communications Act lodges in the Fed-
eral Communications Commission authority 
to classify and license radio stations and to 
prescribe regulations for their operation. Pur-
suant to the law, FCC has issued detailed reg-
ulations for the amateur service. 
A radio amateur is a duly authorized person 

interested in radio technique solely with a per-
sonal aim and without pecuniary interest. Am-
ateur 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 
at 13 words per minute. 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 tech-
nique. An amateur station may not be used for 
material compensation of any sort nor for 
broadcasting. Narrow bands of frequencies are 
allocated exclusively for use by amateur sta-
tions. Transmissions may be on any frequency 
within the assigned bands. All the frequencies 
may be used for c.w. telegraphy and some are 
available for radio-telephony by any amateur, 
while others are reserved for radiotelephone 
use by persons having at least a year's experi-
ence and who pass the examination for a Class 
A license. The input to the final stage of ama-
teur stations is limited to 1,000 watts and on 
frequencies below GO Mc. must be adequately-
filtered direct current. Emissions must be free 
from spurious radiations. The licensee must 
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 portable-mobile sta-
tions on certain frequencies, subject to further 
regulations. An amateur station may be oper-
ated only by an amateur operator licensee, 
but any licensed amateur operator may oper-
ate any amateur station. 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 13 words 
per minute, 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 at a local district office, through FCC at 
Washington. A complete up-to-the-minute 
discussion of license requirements, and a study 
guide for those preparing for the examination, 
are to be found in an ARRL publication, The 
Radio Amateur's License Manual, available 
from the American Radio Relay League, West 
Hartford 7, Conn., for 250, postpaid. 

E. The Amateur Bands 
During 1946, FCC announced its final de-

termination of postwar frequency allocations 
above 25 Mc., with certain alterations and 
additions to prewar amateur frequencies. Sim-
ilarly the Commission announced proposed 
allocations below 25 Mc., these still being un-
der consideration as this is written in the late 
summer of 1946. The final recommendations 
for the region below 25 Mc. will then be sub-
ject to further consideration at the next in-
ternational conference. 

Meanwhile, as of our press date, the follow-
ing are the postwar amateur bands: • 

3,500- 4,000 kc. 
7,000- 7,300 " 
14.000-14,400 " 
27,185-27.455 " 
28,000-29,700 tt, 

50- 54 Mc. 
144- 148 " 
235- 240 " 
420- 450 " 

1,215-1,295 " 

2,300- 2,450 Mc. 
3,300- 3,500 " 
5,650- 5,850 " 
10,000-10,500 " 
21,000-22,000 " 

The future of the prewar amateur band at 
1.75 Mc. has not been determined as of this 
date but, at the least, it is expected that the 
amateur, along with other services, will he 
given nonexclusive rights in the frequencies 
1750-1800 kc. for the maintenance of emer-
gency networks and necessary teste and drills 
incident thereto. There is also a pending pro-
posal for a new amateur band at 21 Mc. but 
this will not likely be made available until after 
the agreement of the next world conference. 

It should be carefully noted that as of this 
writing the 420 Mc. band has not yet been 
opened in its entirety to amateur use, being 
still partly in use by other services as a result 
of the war. Moreover, the portion of each band 
available for 'phone operation is customarily 
varied from time to time in accordance with 
changes in amateur operational habits. In such 
respects each amateur, should keep himself 
currently informed by consulting QST or by 
writing ARRL for latest information. 
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..7.undamentaA 
2-1 Fundamentals of a Radio 

System 

THE BASIS of radio communication 
is the transmission of electromagnetic waves 
through space. The production of suitable 
waves constitutes radio transmission, and their 
detection, or conversion at a distant point into 
the intelligence put into them at the originat-
ing point, is radio reception. There are several 
distinct processes involved in the complete 
chain. At the transmitting point, it is necessary 
first to generate power in such form that when 
it is applied to an appropriate radiator, called 
the antenna, it will be sent off into space in 
electromagnetic waves. The message to be 
conveyed must be superimposed on that power 
by suitable means, a process called modulation. 
As the waves spread outward from the 

transmitter they rapidly become weaker, so 
at the receiving point an antenna is again used 
to abstract as much energy as possible from 
them as they pass. The wave energy is trans-
formed into an electric current which is then 
amplified, or increased in amplitude, to a 
suitable value. Then the modulation is changed 
back into the form it originally had at the trans-
mitter. Thus the message becomes intelligible. 

Since all these processes are performed by 
electrical means, a knowledge of the basic 
principles of electricity is necessary to under-
stand them. These essential principles are the 
subject of the present chapter. 

41 2-2 The Nature of Electricity 

Electrons — All matter — solids, liquids 
and gases — is made up of fundamental units 
called molecules. The molecule, the smallest 
subdivision of a substance retaining all its 
characteristic properties, is constructed of 
atoms of the elements comprising the substance. 
Atoms in turn are made up of particles, or 

charges, of electricity, and atoms differ from 
each other chiefly in the number and arrange-
ment of these charges. The atom has a nucleus 
containing both " positive" and " negative" 
charges, with the positive predominating so 
that the nature of the nucleus is positive. 
The charges in the nucleus are closely bound 
together. Exterior to the nucleus are negative 
charges — electrons — some of which are not 
so closely bound and can be made to leave the 
vicinity of the nucleus without too much urg-
ing. These electrons whirl around the nucleus 
like the planets around the sun, and their orbits 
are not random paths but geometrically-
regular ones determined by the charges on the 

nucleus and the number of electrons. Ordinarily 
the atom is electrically neutral, the outer nega-
tive electrons balancing the positive nucleus, 
but when something disturbs this balance 
electrical activity becomes evident, and it is 
the study of what happens in this unbalanced 
condition that makes up electrical theory. 

Electrons are exceedingly small particles — 
so small that many billions of them must act to-
gether before measurable electrical effects are 
observed. 

Insulators and conductors— Materials 
which will readily give up an electron are called 
conductors, while those in which all the elec-
trons are firmly bound in the atom are called 
insulators. Most metals are good conductors, 
as are also acid or salt solutions. Among the 
insulators are such substances as wood, hard 
rubber, bakelite, quartz, glass, porcelain, tex-
tiles, and many other non-metallic materials. 
Resistance — No substance is a perfect con-

ductor — a " perfect" conductor would be 
one in which an electron could be detached 
from the atom without the expenditure of 
energy — and there is also no such thing as a 
perfect insulator. The measure of the difficulty 
in moving an electron by electrical means is 
called resistance. Good conductors have low re-
sistance, good insulators very high resistance. 
Between the two are materials which are 
neither good conductors nor good insulators, 
but they are nonetheless useful since there is 
often need for intermediate values of resistance 
in electrical circuits. 
Conduction— Under the influence of a 

suitable force — that is, an electric field — 
electrons tend to move. If the substance is one 
in which electrons can be detached from atoms 
as explained above, these electrons will Wove 
through the substance. This is the process of 
conduction, and the moving electrons consti-
tute an electric current. The intensity of the 
current depends upon the amount of force 
exerted on the electrons, and also upon the re-
sistance of the material through which they are 
moving. 

Strictly speaking, this description applies 
only to conduction through solid substances. 
However, conduction in liquids and gases, al-
though different in detail, is similar in princi-
ple. These cases are treated later in chapter. 

Circuits— A circuit is simply a complete 
path along which electrons can transmit their 
charges. There will normally be a source of 
energy (a battery, for instance) and a load or 
portion of the circuit where the current is made 
to do work. There must be an unbroken path 

13 
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through which the electrons can move, with 
the source of energy acting as an electron 
pump and sending them around the circuit. 
The circuit is said to be open when no charges 
can move, because of a break in the path. It is 
closed when no break exists — when switches 
are closed and all connections are made. 

411 2-3 Static Electricity 

The electric charge — Many materials that 
have a high resistance can be made to acquire 
a charge (surplus or deficiency of electrons) 
by mechanical means, such as friction. The fa-
miliar crackling when a hard-rubber comb is 
run through hair on a dry winter day is an 
example of an electric charge generated by 
friction. Objects can have either a surplus or a 
deficiency of electrons — a surplus of electrons 
is called a negative charge; a lack of them is 
called a positive charge. The kind of charge is 
called its polarity. A negatively charged object 
is frequently called a negative pole, while a 
positively charged object similarly is called a 
positive pole. 
Attraction and repulsion — Unlike charges 

(one positive, one negative) exert an attraction 
on each other. This can be demonstrated by 
giving charges of opposite polarity to two very 
light, well-insulated conductors, such as bits 
of metal foil suspended from dry thread (Fig. 
201). Pith balls covered with foil frequently 
are used in this experiment. 
When the two charged objects are brought 

close together, it will be observed that they will 
be attracted to each other. If the charges are 
equal and the charged bodies are permitted to 
touch, the surplus electrons on the negatively 
charged object will transfer to the positively 
charged object (i.e., the one deficient in elec-
trons) and the two charges will neutralize, 
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Fig. 201 — Attraction and repulsion of charged objects, 
as demonstrated by the familiar pith-ball experiment. 

leaving both bodies uncharged. If the charges 
are not equal, the weaker charge neutralizes an 
equal amount of the stronger when the two 
bodies touch, upon which the excess of the 
stronger charge distributes itself over both. 
Both bodies then have charges of the same 
polarity, and a force of repulsion is exercised 
between them. Consequently, the bits of foil 
tend to spring away from each other. Unlike 
charges attract, like charges repel. 

Electrostatic field — From the foregoing it 
is evident that an electric charge can exert a 
force through the space surrounding the 
charged object. The region in which this force 
is exerted is considered to be pervaded by an 

electrostatic field, this concept of a field being 
adopted to explain the "action at a distance" 
of the charge. The field is pictured as consisting 
of lines of force originating on the charge and 

Lines d 
of force.--

ed 
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Fig. 202 Tines of force from a charged object ex-
tend outward radially. Although only two dimensions 
are shown, the field extends in all directions from the 
charge, and should be visualized in three dimensions. 

spreading in all directions, finally terminating 
on tether charges of opposite polarity. These 
other charges may be a very large distance 
away. The number of lines of force per unit 
area is, however, a measure of the intensity of 
the field. 
The general picture of a charged object in 

isolated space is shown in Fig. 202. This is an 
idealized situation, since in practice the charged 
object could not be completely isolated. The 
presence of other charges, or simply of in-
sulators or conductors, in the vicinity will 
greatly change the configuration of the field. 
The direction of the field, as indicated by the 
arrowheads, is away from a positively charged 
object; if the charge were negative, the direc-
tion would be toward the charge. 

It should be understood that the field pic-
ture as represented above is merely a con-
venient method of explaining observed effects, 
and is not to be taken too literally. The electric 
force does not consist of separate lines like 
strings or rods; instead, it completely pervades 
the medium through which the force is exerted. 
With this understanding in mind, it is con-
venient to talk of lines of force and to measure 
the field intensity in terms of number of lines 
per unit area. 
The intensity of the field dies away with 

distance from the charged object in a manner 
determined by its shape and the circum-
stances of its surroundings. In the case of an 
isolated charge at a point (an infinitesimally 
small object), the field strength is inversely 
proportional to the square of the distance. 
However, this relationship is not true in many 
other cases; in some important practical ap-
plications the field intensity is inversely pro-
• portional to the distance involved, and not to 
its square. 

Electrostatic induction— If a piece of 
conducting material is brought near a charged 
object, the field will exert a force on the elec-
trons of the metal so that those free to move 
will do so. If the object is positively charged. 
as indicated in Fig. 203, the free electrons will 
move toward the end of the conductor nearest 
the charged body, leaving a deficiency of elec-
trons at the other end. Hence, one end of the 
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conductor becomes negatively charged while 
the other end has an equal positive charge. 
The lines of force from the charged body ter-
minate on the conductor, where sufficient 
electrons accumulate to provide an electric 
intensity equal and opposite to that of ' the 
field at that point. Because of this effect, the 
electrostatic field inside the conductor is com-
pletely neutralized by the induced charge; in 
other words, the field does not penetrate the 
conductor. In radio work this principle pro-
vides the means by which electrostatic fields 
may be excluded from regions where they are 
not wanted. 

Charges induced in a conductor as shown in 
Fig. 203-A are held in existence by the field 
from the charged object. On taking the con-
ductor out of the field the electrons will re-
distribute themselves so that the charges dis-
appear. However, if the conductor is con-
nected to the earth through a wire while under 
the influence of the field, as shown in Fig. 
203-B, the induced positive charge will tend to 
move as far as possible from the source of the 
field (that is, electrons will flow from the earth 
to the conductor). If the grounding wire is then 
removed, the conductor will be left with an 
excess of electrons and will have acquired a 
" permanent" charge — permanent, that is, so 
long as the conductor is well enough insulated 
to prevent the charge from escaping to earth 
or to other objects. The polarity of the induced 
charge alw.ays is opposite to the polarity of the 
charge which set up the original field. 
Energy in the electrostatic field— The 

expenditure of energy is necessary to place an 
electrical charge upon an object and thus es-
tablish an electrostatic field. Once the field is 
established and is constant, no further ex-
penditure of energy is required. The energy 
supplied to establish the field is stored in the 
field; thus the field represents potential energy 
(that is, energy available for use). The poten-
tial energy is acquired in the same way that 
potential energy is given any object (a 10-
pound weight, for instance) when it is lifted 
against the gravitational pull of the earth. If 

  (A) 

Fig. 203 — Electrostatic induction. The field from the 
positively charged body attracts electrons, which ac-
cumulate to form a negative charge. The opposite end of 
the conductor consequently acquires a positive charge. 
This charge may be "drained off". to earth as shown at B. 

the weight is allowed to drop, its potential 
energy is changed into the energy of motion. 
Similarly, if the electrostatic field is made to 
disappear its potential energy is transformed 
into a movement of electrons; in other words, 
into an electric current. 
The potential energy of the lifted weight is 

measured by its weight and the distance it is 
lifted; that is, by. the work done in lifting it. 
Similarly, the potential energy (called simply 
potential) of the electrostatic field at any point 
is measured by the work done in moving a 
charge of specified value to that point, against 
the repulsion of the field. In practice, absolute 
potential is of less interest than the difference 
of potential between two points in the field. 

Potential difference— If two objects are 
charged differently, a potential difference 
exists between them. Potential difference is 
measured by an electrical unit called the volt. 
The greater the potential difference, the 
higher (numerically) the voltage. This voltage 
exerts an electrical pressure or force as explained 
above, and is often called clectronzotive force 
or, simply, e.m.f. It is not necessary to have 
unlike charges in order to have a difference of 
potential; both, for instance, may be negative, 
so long as one charge is more intense than the 
other. From the viewpoint of the stronger 
charge, the weaker one appears to be positive 
in such a case, since it has a smaller number 
of excess electrons; in other words, its relative 
polarity is positive. The greater the potential 
difference, the more intense is the electrostatic 
field between the two charged objects. 
Capacity— More work must be done in 

moving a given charge against the repulsion 
of a strong field than against a weak ono; 
hence, potential is proportional to the strength 
of the field. In turn, field strength is propor-
tional to the charge or quantity of electricity 
on the charged object, so that potential also is 
proportional to charge. By inserting a suitable 
constant, the proportionality can be changed 
to an equality: 

Q = CE 

where Q is the quantity of charge, E is the po-
tential. and C is a constant depending upon the 
charged object (usually a conductor) and its 
surroundings and is called the capacity of the 
object. Capacity is the ratio of quantity of 
charge to the potential resulting from it, or 

C = 
E 

When Q is in coulombs and E in volts, C is 
measured in farads. A conductor has a capacity 
of one farad when the addition of one coulomb 
to its charge raises its potential by one volt. 
The farad is much too large a unit for prac-

tical purposes. In radio work, the microfarad 
(one millionth of a farad) and the micro-
microfarad (one millionth of a microfarad) are 
the units most frequently used. They are ab-
breviated pfd. and pie., respectively. 
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The capacity of a conductor in air depends 

upon its size and shape. A given charge on a 
small conductor results in a more intense 
electrostatic field in its vicinity than the same 
charge on a larger conductor. This is because 
the charge distributes itself over the surface, 
hence its density (the quantity of electricity 
per unit area) is smaller on the larger conduc-
tor. Consequently, the potential of the larger 
conductor is smaller, for the same amount of 
charge. In other words, its capacity is greater 
because a greater charge is required to raise 
its potential by the same amount. 
Condensers — If a grounded conductor, A 

(Fig. 204), is brought near a second conductor, 
B, which is charged, the former will acquire a 
charge by electrostatic induction. Since the 
charge on A is opposite in polarity to that on 
B, the field set up by the induced charge on A 
will oppose the original field set up by the 
charge on B, hence the potential of B will be 
lowered. Because of this, more charge must be 
placed on B to raise its potential to its original 
value; in other words, its capacity has been 
increased by the presence of the second con-
ductor. The combination of the two conductors 
separated by a dielectric is called a condenser. 
The capacity of a condenser depends upon 

the areas of the conductors, as before, and also 
becomes greater as the distance between the 
conductors is decreased, since, with a fixed 
amount of charge, the potential difference 
between them decreases as they are moved 
closer together. 
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Fig. 204 — The principle of the condenser. 

If insulating or dielectric material other 
than air is inserted between the conductors, it 
is found that the potential difference is lowered 
still more — that is, there is a further increase 
in capacity. This lowering of the potential 
difference is considered to be the result of 
polarization of the dielectric. By this it is 
meant that the molecules of the substance 
tend to be distorted under the influence of the 
electrostatic field in such a way that the 
negative charges within the molecule are 
drawn toward the positively charged conduc-
tor, leaving the other end of the molecule 
with a positive charge facing the negatively 
charged conductor. Since the electrons are 
firmly bound in the atoms of the dielectric, 
there is no flow of current and the total charge 
on each atom is still zero, but there is a 
tendency toward separation which causes a 
reaction on the electrostatic field. The dielec-
tric of a charged condenser thus is under 
mechanical stress, and if the potential differ-
ence between the plates of the condenser is 

great enough the dielectric may break down 
mechanically and electrically. 
The ratio of the capacity of a condenser with 

a given dielectric material between its plates 
to the capacity of the same condenser with air 
as a dielectric is called the specific inductive 
capacity of the dielectric, or, probably more 
commonly, the dielectric constant. Strictly 
speaking, the comparison should be made to 
empty space (i.e., a vacuum) rather than to 
air, but the dielectric constant of air is so nearly 
that of a vacuum that the practical difference 
is negligible. A table of dielectric constants is 
given in Chapter Twenty. 

Condensers have many uses in electrical 
and radio circuits, all based on their ability to 
store energy in the electric field when a poten-
tial difference or voltage is caused to exist be-
tween the plates — energy which later can be 
released to perform useful functions. 
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Fig. 205 — A simple condenser, 
consisting of two metal plates 
separated by dielectric material. 

111 2-4 The Electric Current 

Conduction in metals — When a difference 
of potential is maintained between the ends of 
a metallic conductor, there is a continuous 
drift of electrons through the conductor to-
ward the end having a positive potential (rela-
tive polarity positive). This electron drift con-
stitutes an electric current through the metal 
(§ 2-2). The speed with which the electron 
movement is established is very nearly the 
speed of light (300,000,000 meters, or approxi-
mately 186,000 miles, per second), so that the 
current is said to travel at nearly the speed of 
light. By this it is meant that the time interval 
between the application of the electromotive 
force and the flow of current in all parts of a 
circuit, even one extending over hundreds of 
miles, is negligible. However, the individual 
electrons do not move at anything approach-
ing such a speed. The situation is similar to 
that existing when a mechanical force is trans-
mitted by means of a rigid rod. A force ap-
plied to one end of the rod is transmitted 
practically instantaneously to the other end, 
even though the rod itself moves relatively 
slowly or not at all. 
The magnitude of the electric current is the 

rate at which electricity is moved past a point 
in the circuit. If the rate is constant, then the 
current is equal to the quantity of electricity 
moved past a given point in some selected 
time interval. That is, 

/ = Q 



electrical and Radio ...7unciamentaii 17 
where I is the intensity or magnitude of the 
current, Q is the quantity of electricity, and t 
is the time. If Q is in coulombs and t in seconds, 
the unit for I is called the ampere. One ampere 
of current is equal to one coulomb of electricity 
moving ter " flowing" past a given point in a 
circuit in one second. 
The currents used by different electrical 

devices vary greatly in magnitude. The current 
which flows in an ordinary 60-watt lamp, for 
instance, is about one-half ampere, the current 
in an electric iron is about 5 amperes, and that 
in a radio tube may be as low as 0.001 ampere. 
When a current flows through a metallic 

conductor there is no visible or chemical effect 
on the conductor. The only physical effect is 
the heat developed (§ 2-2) as the result of en-
ergy loss in the conductor. Under normal condi-
tions the rate at which heat is generated and 
that at which it is radiated by the conductor 
will quickly reach equilibrium. However, if the 
heat is developed at a more rapid rate than it 
can be radiated, the temperature will continue 
to rise until the conductor burns or melts. 
Experimental measurements have shown 

that the current which flows in a given metallic 
conductor is directly proportional to the ap-
plied e.m.f., so long as the temperature of the 
conductor is held constant. There is no e.m.f. 
so small but that some current will flow as a 
result of its application to a metallic conductor. 

Electrode 
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Fig. 206 — Illustrating conduction through a gas at 
low pressure. Positive ions are attracted to die negative 
electrode, while electrons arc attracted to the positive 
electrode. This takes place only after the gas is ionized. 

Gaseous conduction — In any gas or mix-
ture of gases (such as air, for example) there 
are always some free electrons — that is, elec-
trons not attached to an atom — and also 
some atoms lacking an electron. Thus there are 
both positively and negatively charged parti-
cles in the gas, as well as many neutral atoms. 
An atom lacking an electron is called a positive 
ion, while the free electron is called a negative 
ion. The term ion is, in fact, applied to any 
elemental particle which has an electric charge. 

If the gas is in an electric field, the free elec-
trons will be attracted toward the source of 
positive potential and the positive ions will be 
attracted toward the source of negative poten-
tial. If the gas is at atmospheric pressure neither 
particle can travel very far before meeting an 
ion of the opposite kind, when the two com-
bine to form a neutral atom. Since a neutral 
atom is not affected by the electric field, there 
is no flow of current through the gas. 

However, if the gas is enclosed in a glass 
container in which two separate metal pieces 
called electrodes are sealed, and the gas pres-
sure is then reduced by pumping out most of 
the gas, a different set of conditions results. 
At low pressure there is a comparatively 
large distance between each atom, and when 
an electric field is established by applying a 
difference of potential to the electrodes the 
ions can travel a considerable distance before 
meeting another ion or atom. The farther the 
ion travels the greater the velocity it acquires, 
since the effect of the field is to accelerate its 
motion. If the field is strong enough the ions 
will acquire such velocity that when one hap-
pens to collide with a neutral atom the force 
of the collision will knock an electron out of 
the atom, so that this atom also becomes 
ionized. The process is cumulative, and the 
freed electrons are attracted to the positive 
electrode while the positive ions are attracted 
to the negative electrode. This movement of 
charged particles constitutes an electric cur-
rent through the gas. 

Since an ion must acquire a certain velocity 
before it can knock an electron out of a neutral 
atom, a definite field strength is required be-
fore conduction can take place in a gas. That 
is, a certain value of potential difference, 
called the ionizing potential, must be applied 
to the electrodes. If less voltage is applied, the 
gas does not ionize and the current is negligible. 
On the other hand, once the gas is ionized an 
increase in potential does not have much effect 
on the current, since thé ions already have 
sufficient velocity to maintain the ionization. 
The ionizing potential required depends upon 
the kind of gas and the pressure. Ionization is 
usually accompanied by a colored glow, differ-
ent gases having different characteristic colors. 
Current flow in liquids —  A very large 

number of chemical compounds have the pe-
culiar characteristic that, when they are put 
into solution, the component parts become 
ionized. For example, common table salt 
(sodium chloride), each molecule of which is 
made up of one atom of sodium and one of 
chlorine, will, when put into water, break down 
into a sodium ion (positive, with one electron 
deficient) and a chlorine ion (negative, with 
one excess electron). This can only occur so 
long as the salt is in solution — take away the 

Fig. 207 — Electrolytic conduceon. When an e.m.f. Is 
applied to the electrodes, negative ions are attracted to 
the positively charged plate and positive ions to the neg-
atively charged plate. The battery, which is the source 
of the e.m.f., is indicated by its customary symbol. 
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water and the ions are recombined into the 
neutral sodium chloride. This spontaneous 
dissociation in solution is another form of 
ionization. If two wires with a difference of 
potential between them are placed in the solu-
tion, the negative wire will attract the positive 
sodium ions while the positive wire will attract 
the negative chlorine ions and an electric 
current will flow through the solution. When 
the ions reach the wires the electron surplus or 
deficiency will be remedied, and a neutral 
atom will be formed. 

In this process, the water is decomposed into 
its gaseous constituents, hydrogen and oxygen. 
The energy used up in decomposing the water 
and in moving the ions is supplied by the 
source of potential difference. The energy used 
in decomposing the water is equivalent to an 
opposing e.m.f., of the order of a volt or two. If 
this constant " back voltage" is subtracted 
from the applied voltage, it is found that the 
current flowing through a given solution, or 
electrolyte, is proportional to the difference 
between the two voltages. 
Current flow in vacuum — If a suitable 

metallic conductor is heated to a high tempera-
ture in a vacuum, E .ectrons will be emitted 
from the surface. The electrons are freed from 
this filament or cathode because it has been 

Direction 
of flow Fig. 208 — Conduction by 

thermionic emission in a 
vacuum tube. One battery 
is used only to heat the 
filament to a temperature 
where it will emit elec-
trons. The other battery 
places a potential on the 
plate which is positive with 
respect to the filament, 
and as a result the elec-
trons are attracted to the 
plate. The electron flow 
from filament to plate 
completes the circuit. 

heated to a temperature that gives them suffi-
cient energy of motion to allow them to break 
away from the surface. The process is called 
thermionic electron emission. Now, if a metal 
plate is placed in the vacuum and given a posi-
tive charge with respect to the cathode, this 
plate or anode will attract a number of the elec-
trons that surround the cathode. The passage 
of the electrons from cathode to anode consti-
tutes an electric current. All thermionic vac-
uum tubes depend for their operation on the 
emission of electrons from a hot cathode. 

Since the electrons emitted from the hot 
cathode are negatively charged, it is evident 
that they will be attracted to the plate only 
when the latter is at a positive potential with 
respect to the cathode. If the plate is nega-
tively charged with respect to the cathode the 
electrons will be repelled back to the cathode, 
hence no current will flow through the vacuum. 
Consequently, a thermionic vacuum tube con-
ducts current in one direction only. When the 
plate is positive, it is found that (if the poten-

tial is not too large) the current increases with 
an increase in potential difference between the 
plate and cathode. However, the relationship 
between current and applied voltage is not a 
simple one. If the voltage is made large enough 
all the electrons emitted by the cathode will be 
drawn to the plate, and a further increase in 
voltage therefore cannot cause a further in-
crease in current. The number of electrons 
emitted by the cathode depends upon the tem-
perature of the cathode and the material of 
which it is constructed. 
Direction of current flow — Use was being 

made of electricity for a long time before its 
electronic nature was understood. While it is 
now clear that current flow is a drift of nega-
tive electrical charges or electrons toward a 
source of positive potential, in the era preced-
ing the electron theory it was assumed that the 
current flowed from the point of higher positive 
potential to a point of lower (i.e., less positive 
or more negative) potential. While this assump-
tion turned out to be wholly wrong, it is still 
customary to speak of current as flowing " from 
positive to negative" in many applications. 
The practice often causes confusion, but this 
distinction between " current" flow and 
"electron" flow often must be taken into ac-
count. If electron flow is specifically mentioned 
there can be, of course, no doubt as to the 
meaning; but when the direction of current 
flow is specified, it may be taken, by conven-
tion, as being opposite to the direction of elec-
tron movement. 
Primary cells — If two electrodes of dis-

similar metals are immersed in an electrolyte, 
it is found that a small difference of potential 
exists between the electrodes. Such a combina-
tion is called a cell. If the two electrodes are 
connected together by a conductor external to 
the cell, an electric current will flow between 
them. In such a cell, chemical energy is con-
verted into electrical energy. The difference of 
potential arises as a result of the fact that ma-
terial from one or both of the electrodes goes 
into solution in the electrolyte, and in the 
process ions are formed in the vicinity of the 
electrodes. The electrodes acquire charges be-
cause of the electric field associated with the 
charged ions. The difference of potential be-
tween the electrodes is principally a function of 
the metals used, and is more or less independent 
of the kind of electrolyte or the size of the cell. 
When current is supplied to an external cir-

cuit, two principal effects occur within the cell. 
The negative electrode (negative as viewed 
from outside the cell) loses weight as its mate-
rial is used up in furnishing energy, and hydro-
gen bubbles form on the positive electrode. 
Since the gas bubbles are non-conducting, their 
accumulation tends to reduce the effective area 
of the positive electrode, and consequently re-
duces the current. The effect is cumulative, and 
eventually the electrode will be completely 
covered and no further current can flow. This 
effect is called polarization. If the bubbles are 

• 
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removed, or prevented from forming by chemi-
cal means, polarization is reduced and current 
can flow as long as there is material in the nega-
tive electrode to furnish the energy. A chemical 
which prevents the formation of hydrogen 
bubbles in a cell is called a depolarizer. 

In addition to polarization effects, a cell has 
a certain amount of internal resistance because 
of the resistance of the electrodes and the elec-
trolyte and the contact resistance between the 
electrodes and electrolyte. The internal resist-
ance depends upon the materials used and the 
size and electrode spacing of the cell. Large 
cells with the electrodes close together will 
have smaller internal resistance than small 
cells made of the same materials. 
A collection of cells connected together is 

called a battery. The term battery also is ap-
plied (although incorrectly) to a single cell. 
Dry cells— The most familiar form of 

primary cell is the dry cell. Like the elementary 
type of cell just described, it has a liquid elec-
trolyte, but the liquid is mixed with other mate-
rials to form a paste. The cell therefore can be 
used in any position and handled as though it 
actually were dry. 
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Fig. 209 — Construction of a dry cell. 

The construction of an ordinary dry cell is 
shown in Fig. 209. The container is the nega-
tive electrode and is made of zinc. Next to it is 
a section of blotting material saturated with 
the electrolyte, a solution of sal ammoniac. 
The positive electrode is a carbon rod, and the 
space between it and the blotting paper is filled 
with a mixture of carbon, manganese dioxide 
(the depolarizer) and the electrolyte. The top 
is filled with sealing compound to prevent 
evaporation, since the cell will not work when 
the electrolyte drys out. The e.m.f. of a dry cell 
is about 1.5 volts. 
Dry cells are made in various sizes, depend-

ing upon the current which they will be called 
upon to furnish. The construction frequently 
varies from that shown in Fig. 209, although 
in general the basic materials are the same in 
all dry cells. Batteries of small cells are assem-
bled together as a unit for furnishing plate cur-
rent for the vacuum tubes used in portable 
receiving sets; such " B" batteries, as they are 
called, can supply a current of a few hun-
dredths of an ampere continuously. Larger 
cells, such as the common " No. 6" cell, can 
deliver currents of a fraction of an ampere con-

tinuously, or currents of several amperes for 
very short periods of time. The total amount of 
energy delivered by a dry cell is larger when the 
cell is used only intermittently, as compared 
with continuous use. The cell will deteriorate 
even without use, and should be put into serv-
ice within a year or so from the time it is manu-
factured. The period during which it is usable 
(without having been put in service) is known 
as the " shelf life" of the cell or battery. 
Secondary cells — The types of cells just 

described are known as primary cells, because 
the electrical energy is obtained directly from 
chemical energy. In some types of cells the 
chemical actions are reversible; that is, forcing 
a current through the cell, in the opposite 
direction to the current flow when the cell is de-
livering electrical energy, causes just the re-
verse chemical action. This tends to restore the 
cell to its original condition, and electrical 
energy is transformed into chemical energy. 
The process is called charging the cell. A cell 
which must first be charged before it can de-
liver electrical energy is called a secondary cell. 
A simple form of secondary cell can be made 

by immersing two lead electrodes in a dilute 
solution of sulphuric acid. If a current is forced 
through the cell, the surface of the electrode 
which is connected to the positive terminal of 
the charging e.m.f. will be changed to lead 
peroxide and the surface of the electrode con-
nected to the negative terminal will be changed 
to spongy lead. After a period of charging the 
charging source can be disconnected, and the 
cell will be found to have an e.m.f. of about 2.1 
volts. It will furnish a small current to an ex-
ternal circuit for a period of time. This dis-
charge of electrical energy is accompanied by 
chemical action which forms lead sulphate on 
both electrodes. When the lead peroxide and 
spongy lead are converted to lead sulphate 
there is no longer a difference of potential, 
since both electrodes are now the same mate-
rial, and the cell is completely discharged. 
The lead storage battery — The most com-

mon form of secondary cell is the lead storage 
cell. The common storage battery for automo-
bile starting consists of three such cells con-
nected together electrically and assembled in a 
single container. The principle of operation is 
similar to that just described, but the con-
struction of the cell is considerably more com-
plicated. To obtain large currents it is neces-
sary to use electrodes having a great deal of 
surface area and to put them as close together 
as possible. The electrodes are made in the 
form of rectangular flat plates, consisting of a 
latticework or grid of lead or an alloy of lead. 
The interstices of the latticework are filled 
with a paste of lead oxide. The electrolyte is a 
solution of sulphuric acid in water. When the 
cell is charged, the lead oxide in the positive 
plate is converted to lead peroxide and that in 
the negative plate to spongy lead. To obtain 
high current capacity, a cell consists of a num-
ber of positive plates, all connected together, 
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and a number of negative plates likewise con-
nected together. They are arranged as shown 
in Fig. 210, with alternate negative and posi-
tive plates kept from touching by means of 
thin separators of insulating material, generally 
treated wood or perforated hard rubber. The 
separators preferably should be porous, so that 
the electrolyte can pass through them freely; 
thus they do not impede the passage of current 
from one plate to the next. There is always one 
extra negative plate in such an assembly, be-
cause the active material in the positive plate 
expands when the cell is being charged and if 
all the expansion took place on one side the 
plate would be distorted out of shape. 
The e.m.f. of a fully charged storage cell is 

about 2.1 volts. When the e.m.f. drops to about 
1.75 volts on discharge, the cell is considered to 
be completely discharged. Discharge beyond 
this limit may result in the formation of so 
much lead sulphate on the plates that the cell 
cannot be recharged, since lead sulphate is an 
insulator. During the charging process Water 
in the electrolyte is used up, with the result 
that the sulphuric acid solution becomes more 
concentrated. The higher concentration in-
creases the specific gravity of the solution, so 
that the specific gravity may be used to indi-
cate the state of the battery with respect to 
charge. In the ordinary lead storage cell the so-
lution is such that a specific gravity of 1.285 to 
1.300 indicates a fully charged cell, while a dis-
charged cell is indicated by a specific gravity 
of 1.150 to 1.175. The specific gravity can be 
measured by means of a hydrometer, shown in 
Fig. 211. For use with portable batteries, the 
hydrometer usually consists of a glass tube 
fitted with a syringe so that some of the elec-
trolyte can be drawn from the cell into the 
tube. The hydrometer float is a smaller glass 
tube, air-tight and partly filled with shot to 
make it sink into the solution. The lower the 
specific gravity of the solution, the farther the 
float sinks into it. A graduated scale on the 
float shows the specific gravity directly, being 
read at the level of the solution. 

Storage cells are rated in amperc-hoiir capac-
ity, based on the number of amperes which can 
be furnished continuously for a stated period of 
time. For example, the cell may have a rating 
of 100 ampere-hours at an 8-hour discharge 
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rate. This means that the cell will deliver 100/8 
or 12.5 amperes continuously for 8 hours after 
having been fully charged. The ampere-hour 
capacity of a cell will vary with the discharge 
rate, becoming smaller as the rated time of 
discharge is made shorter. It also depends upon 
the size of the plates and their number. In 
automobile-type batteries the dimensions of 
the plates are fairly well standardized, so that 
the ampere-hour capacity is chiefly determined 
by the number of plates in a cell. It is, there-
fore, common practice to speak of " 11-plate," 
"15-plate," etc., batteries as an indication of 
the battery capacity. 
Lead storage batteries must be kept fully 

charged if they are to stay in good condition. 
If a discharged battery is left standing idle, 

lead sulphate will form 
on the plates and 
eventually the battery 
will be useless. When 
the battery is being 
charged, hydrogen 
bubbles are given off by 
the electrolyte which , in 

Calikalea' bursting at the surface, 
Scale ii  throw out fine drops of 

the electrolyte. This is 
called " gassing." The 
sulphuric-acid solution 
spray from gassing will 
attack many materials, 
and consequently care 
must be used to see 
that it is not permitted 
to fall on near-by ob-
jects. It should also be 
wiped off the battery 
itself. 
A lead battery may 

be charged at its nomi-
nal discharge rate; i.e., 
a 100-ampere-hour bat-
tery, 8-hour rating, can 
be charged at 100/8, 

or 12.5 amperes. The charging voltage re-
quired is slightly more than the output voltage 
of the cell. The preferred method is to charge 
at the full rate until the cells start to " gas" 
freely, after which the charging rate should be 
dropped to about half its initial value until the 

battery is fully charged, as indicated 
by the hydrometer reading. Alterna-
tively, the battery may be charged 
from a constant-potential source 
(about 2.3 volts per cell), when the 
rise of terminal voltage of the battery 
as it accumulates a charge will auto-
matically " taper" the charging rate. 
The solution in a lead storage bat-

tery will freeze at a temperature of 
about zero degrees Fahrenheit when 
the battery is discharged, but a fully 
charged battery will not freeze until 
the temperature reaches about 90 de-
grees below zero. Keeping the battery 
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Fig. 211—The hydrom-
eter, a device with a 
calibrated scale for 
measuring the specific 
gravity of the electro-
lyte, used to determine 
the state of charge of a 
lad storage battery. 

PASTED PLATE 

Fig. 210 — Details of typical lead storage•battery construction. 
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Fig. 212 — Series, parallel, and series-parallel connec-
tion of cells. Series connection increases the total voltage 
without changing current capacity; parallel connection 
increases current capacity without increasing voltage. 

charged therefore is the best way to insure 
against damage by freezing. 

Cells in series ami parallel — For proper op-
eration, many electrical devices require higher 
voltage or current than can be obtained from 
a single cell. If greater voltage is needed, cells 
may be connected in series, as shown in Fig. 
212-A. The negative terminal of one cell is 
connected to the positive terminal of the next, 
so that the total e.m.f. of the battery is equal to 
the sum of the e.tn.f.s of the individual cells. 
For radio purposes, batteries of 45 and 90 volts 
or more are built up in this way from 1.5-volt 
dry cells. An automobile storage battery con-
sists of three lead storage cells in series, total-
ling 6.3 volts — or, in round figures, 6 volts. 
The current which may be taken safely from a 
battery composed of cells in series is the same 
as that which may be taken safely from one cell 
alone; since the same current flows through all 
cells, the current capacity is unchanged. 
When the device or load to which the battery 

is to be connected requires more current than 
can be taken safely from a single cell, the cells 
may be connected in parallel, as shown in Fig. 
212-B. In this case the total current is the sum 
of the currents contributed by the individual 
cells, each contributing the same amount if the 
cells are all alike. When cells are connected in 
parallel it is essential that the e.m.f.s all be the 
same, since if one cell generated a larger voltage 
than the others it would force current through 
the other cells in the reverse direction and thus 
would take most, if not all, of the load. Also, if 
one cell has a lower terminal voltage than the 
others it will take current from the others 
rather than carrying its fair share. 

Cells may be connected in series-parallel, as 
in Fig. 212-C, to increase both the voltage and 
the current-carrying capacity of the battery. 

Q. 2-5 Electromagnetism 

The magnetic field— Everyone is familiar 
with the fact that a bar or horseshoe magnet 
will attract small pieces of iron. Just as in the 
case of electrostatic attraction (§ 2-3) the con-
cept of a field, in this case a field of magnetic 
force, is adopted to explain the magnetic ac-
tion. The field is visualized as being made up of 
lines of magnetic force, the number of which 
per unit area determines the field strength. As 
in the case of the electrostatic field, the lines of 
force do not have physical existence but simply 
represent a convenient way of describing the 
properties of the force. 
Magnetic attraction and repulsion — The 

forces exerted by the magnetic field are an-
alogous to electrostatic forces. Corresponding 
to positive and negative electric charges, it is 
found that there are two kinds of magnetic 
poles. Instead of being called " positive" and 
"negative," however, the magnetic poles are 
called " north" (N) and "south" (S) poles. 
These names arise from the fact that, when a 
magnetized steel rod is freely suspended, it will 
turn into such a position that one end points 
toward the north. The end which points north 
is called the " north-seeking," or simply tus 
"north," pole. 

Unlike electric lines of force, which termi-
nate on charges of opposite polarity (§ 2-3). 
magnetic lines of force are closed upon them-
selves. This is illustrated by the field about a 
bar magnet, as shown in Fig. 213-A. The lines 
extend through the magnet, the direction being 
taken from S to N inside the magnet and from 
N to S outside the magnet. If similar poles of 
two magnets are brought near each other, there 
is a force of repulsion between them, while dis-
similar poles are attracted when brought close 
together. As in the case of electric charges, li ke 
poles repel, unlike poles attract. 
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Fig. 213— (A) The field about a bar magnet. The 
magnetic lines of force arc continuous, part of the path 
being inside the magnet and part outside. (B) Cutting a 
magnet produces two magnets, each complete with N 
and S poles. W ith the magnets in the positions shown, 
some of the lines of force are common to both magnets. 
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If a bar magnet is cut in half, as in Fig. 
213-B, it is found that the cut ends also are 
poles, of opposite kind to the original poles on 
the same piece. Such cutting can be continued 
indefinitely, and, no matter how small the 
pieces are made, there are always two opposite 
poles associated with each piece. In other 
words, a single magnetic pole cannot exist 
alone; it must always be associated with a pole 
of the opposite kind. 
To explain this property of a magnet, it is 

considered that each molecule of a magnetic 
substance is itself a miniature magnet. If the 
material is not magnetized, the molecules are 
in random positions and the total magnetic ef-
fect is zero since there are just as many mole-
cules tending to set up a magnetic field in one 
direction as there are others tending to set up a 
field in the opposite direction. When the sub-
stance becomes magnetized, however, the 
molecules are aligned so that most or all of the 
N poles of the molecular magnets are turned 
toward one end of the material while the ,S 
poles point toward the other end. 
Magnetic induction — When an unmagnet-

ized piece of iron is brought into the field of a 
magnet, its molecules tend to align themselves 
as described in the preceding paragraph. If one 
end of the iron is near the N pole of the mag-
net, the S poles of the molecules will turn 
toward that end and an S pole is said to be in-
duced in the iron. An N pole will appear at the 
opposite end. Because of the attraction be-
tween opposite poles, the iron will be drawn 
toward the magnet. Since the iron has become 
a magnet under the influence of the field, it 
also possesses the property of attracting other 
pieces of iron. 
When the magnetic field is removed, the mol-

ecules may or may not resume their random 
positions. If the material is soft iron the mag-
netism disappears quite rapidly when the field 
is removed, but in some types of steel the 
molecules are slow to resume their random 
positions and such materials will retain mag-
netism for a long time. A magnet which loses 
its magnetism quickly when there is no exter-
nal magnetizing force is called a temporary 
magnet, while one which retains its magnetism 
for a long time is called a permanent magnet. 
The tendency to retain magnetism is called 
retentivity. The process of destroying magnet-
ism can be hastened by heating, which increases 
the motion of the molecules within the sub-
stance, as well as by mechanical shock, which 
also tends to disturb the molecular alignment. 

Electric current and the magnetic field — 
Experiment shows that a moving electron 
generates a magnetic field of exactly the same 
nature as that existing about a permanent 
magnet. Since a moving electron, or group of 
electrons moving together, constitutes an elec-
tric current, it follows that the flow of current 
is accompanied by the creation of a magnetic 
field. When the conductor is a wire the mag-
netic lines of force are in the form of concentric 

Fig. 214 — Whenever elec-
tric current passes through a 
wire, magnetic lines of force 
are set up, in the form of 
concentric circles, at right 
angles to the wire, and a 
magnetic field is said to exist 
around the wire. The direc-
tion nf this field is controlled 
by the direction of current 
flow, and can be traced by 
means of a small compass. 

circles around it and lie in planes at right 
angles to it, as shown in Fig. 214. The direction 
of this field is controlled by the direction of 
current flow. 

There is an easily remembered method for 
finding the relative directions of the current 
and of the magnetic field it sets up. Imagine the 
fingers of the right hand curled about the wire, 
with the thumb extended along the wire in the 
direction of current flow (the conventional 
direction, from positive to negative, not the 
direction of electron movement). Then the fin-
gers will be found to point in the direction of 
the magnetic field; that is, from N to S. 
Magnetomo tire force — The force which 

causes the magnetic field is called magnetomo-
tive force, abbreviated mArt.f. It corresponds to 
electromotive force or e.m.f. in the electric cir-
cuit. The greater the magnetomotive force, the 
stronger the magnetic field; that is, the larger 
the number of magnetic lines per unit area. 
Magnetomotive force is proportional to the 
current flowing. When the wire carrying the 
current is formed into a coil so that the mag-
netic flux will be concentrated instead of being 
spread over a large area, the m.m.f. also is 
proportional to the number of turns in the coil. 
Consequently magnetomotive force can be ex-
pressed in terms of the product of current and 
turns, and the ampere-turn, as this product is 
called, is in fact the common unit of magneto-
motive force. The same magnetizing effect can 
be secured with a great many turns and a weak 
current or with a few turns and a strong cur-
rent. For example, if 10 amperes flow in one 
turn of wire, the magnetizing effect is 10 am-
pere-turns. If there is one ampere flowing in 10 
turns of wire, the magnetomotive force also is 
10 ampereturns. 
*The magnetic circuit.— Since magnetic 

lines of force are always closed upon them-
selves, it is possible to draw an analogy be-
tween the magnetic circuit and the ordinary 
electrical circuit. The electrical circuit also 
must be closed so that a complete path is pro-
vided around which the electrons or current 
can flow. However, there is no insulator for the 
magnetic field, so that the magnetic circuit is 
always complete even though no magnetic ma-
terial (such as iron) may be present. 
The number of lines of magnetic force, or 

flux, is equivalent in the magnetic circuit to 
current in the electric circuit. However, it is 
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usual practice to express the strength of the 
field in terms of the number of lines per unit 
area, or flux density. The unit of flux density 
is the gauss, which is equal to one line per 
square centimeter, but the terms " lines per 
square centimeter" or " lines per square inch" 
are commonly used instead. 

Corresponding to resistance in the electric 
circuit is the tendency to obstruct the passage 
of magnetic flux, which is called reluctance. 
The reluctance of good magnetic materials, such 
as iron and steel, is quite low. 
The permeability of a material is the ratio of 

the flux which would be set up in a dosed mag-
netic path or circuit of the material to the flux 
that would exist in a path of the same dimen-
sions in air, the same m.m.f. being used in 
both cases. The permeability of air is assigned 
the value 1. The permeability of steels of vari-
ous types varies from about 50 to several thou-
sand, depending upon the materials alloyed 
with the steel. Very high permeabilities are 
attained in certain special magnetic materials, 
such as " permalloy," which is an alloy of iron 
and nickel. 
The permeability of magnetic materials de-

pends upon the density of magnetic flux in the 
material. At very high flux densities the perme-
ability is less than its value at low or moderate 
flux densities. This is because the flux in mag-
netic materials is proportional to the applied 
m.m.f. only over a limited range. As the m.m.f. 
increases more and more of the molecular 
magnets within the material become aligned, 
until eventually a point is reached where a very 
great increase in m.m.f. is required to cause a 
relatively small increase in flux. This is called 
magnetic saturation. In this region of saturation 
the permeability decreases, since the ratio 
between the number of lines in the material and 
the number in air, for the same m.m.f., is 
smaller than when the flux density is below the 
saturation point. 
Energy in the magnetic field — Like the 

electrostatic field (§ 2-3), the magnetic field 
represents potential energy. Consequently the 
expenditure of energy is necessary to set up a 
magnetic field, but once the field has been es-
tablished and remains constant no further en-
ergy is consumed in maintaining it. If by some 
means the field is caused to disappear, the 
stored-up magnetic energy is converted to 
energy in some other form. In other words the 
energy undergoes a transformation when the 
magnetic field is changing, being stored in the 
field when the field strength is increasing and 
being released from the field when the field 
strength is decreasing. 
When a magnetic field is set up by a current 

flowing in a wire or coil, a certain amount of 
energy is used initially in bringing the field 
into existence. Thereafter the current must 
continue to flow, if the field is to be maintained 
at steady strength, but no expenditure of en-
ergy is required for this purpose. (There will be 
a steady energy loss in the circuit, but only 

because of the resistance of the wire.) If the 
current stops the energy of the field is trans-
formed back into electrical energy, tending to 
keep the current flowing. The amount of en-
ergy stored and subsequently released depends 
upon the strength of the field, which in turn 
depends upon the intensity of the current and 
the circuit conditions; i.e., it depends upon the 
relationship between field strength and current 
in the circuit. 
Induced voltage — Since a magnetic field is 

set up by an electric current, it is not surprising 
to find that, in turn, a magnetic field can cause 
a current to flow in a closed electrical circuit. 
That is, an e.m.f. can be induced in a wire in a 
magnetic field. However, since a change in the 
field is required for energy transformation, an 
e.m.f. will be induced only when there is a 
change in the field with respect to the wire. 

This change may be an actual change in the 
field strength or may be caused by relative 
motion of the field and wire; e.g., a moving 
field and a stationary wire, or a moving wire 
and a stationary field. It is convenient to con-
sider this induced e.m.f. as resulting from the 
wire's " cutting through" the lines of force of 
the field. The strength of the e.m.f. so induced 
is proportional to the rate of cutting of the 
lines of force. 

If the conductor is moving parallel with 
the lines of force in a field, no voltage is in-
duced since no lines are cut. Maximum cutting 
results when the conductor moves through the 
field in such a way that both its longer dit 
mension and direction of motion are per-
pendicular to the lines of force, as shown in 
Fig. 215. When the conductor is stationary and 
the field strength varies, the induced voltage 
results from the alternate increase and decrease 
in the number of lines of force cutting the wire 
as the m.m.f. varies in intensity. 

Direction of( notion 

Lines àf Force 
Direction of 
induced e.m.f 

Fig. 215 — Showing how e.m.f. is induced in a conductor 
moving through a stationary magnetic field, cutting the 
lines of force. Conversely, a current sent through the 
conductor in the same direction by means of an external 
e.m.f. will cause the conductor to move downward. 

Lertz's Law — When a voltage is induced 
and current flows in a conductor moving in a 
magnetic field, energy of motion is transformed 
into electrical energy. That is, mechanical 
work is done in moving the conductor when an 
induced current flows in it. If this were not so 
the induced voltage would be creating electrical 
energy, in violation of the fundamental prin-
ciple of physics that energy can neither be 
created nor destroyed but only transformed. 
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It is found, therefore, that the flow of current 
creates an opposing magnetic force tending to 
stop the movement of the wire. The statement 
of this principle is known as Lenz's Law: " In 
all cases of electromagnetic induction, the in-
duced currents have such a direction that their 
reaction tends to stop the motion which pro-
duces them." 
Motor principle— The fact that current 

flowing in a conductor moving through a mag-
netic field tends to oppose the motion indicates 
that current sent through a stationary conduc-
tor in a magnetic field would tend to set the 
conductor in motion. Such is the ease. If moving 
the conductor through the field in the direction 
indicated in Fig. 215 causes a current to flow 
as shown, then, if the conductor is stationary 
and an e.m.f. is applied to send a current 
through the conductor in the same direction, 
the conductor will tend to move across the 
field in the opposite direction. 
This principle is used in the electric motor. 

The same rotating machine frequently may 
be used either as a generator or motor; as a 
generator it is turned mechanically to cause 
an induced e.m.f., and as a motor electric 
current through it causes mechanical motion. 
Self-induction— When an e.m.f. is applied 

to a wire or coil, current begins to flow and a 
magnetic field is created. Just before closing 
the circuit there was no field; just after closing 
it the field exists. Consequently, at the instant 
of closing the circuit the rate of change of the 
field is very rapid. Since the wire or coil carry-
ing the current is a conductor in a changing 
field, an e.m.f. will be induced in the wire. This 
induced voltage is the e.m.f. of self-induction, 
so called because it results from the current 
flowing in the wire itself. 
By the principle of conservation of energy 

(and Lenz'S Law), the polarity of the induced 
voltage must be such as to oppose the applied 
voltage; that is, the induced voltage must tend 
to send current through the circuit in the 
direction opposite to that of the current caused 
by the applied voltage. At the instant of closing 
the circuit the field changes at such a rate that 
the induced voltage equals the applied voltage 
(it cannot exceed the applied voltage, because 

• SY.A8City 

Fig. 216— When the conducting wire is coiled, the 
individual magnetic fields of each turn are in such a 
direction as to produce a field similar to that of a bar 
magnet. The schematic symbols for inductance are 
shown at the right. The svinhol at the left in the top 
row indicates an iron-core inductance; at the right, air 
core. Variable inductances are shown in the bottom row. 

then it would be supplying energy to the source 
of applied e.m.f.), but after a short interval 
the rate of change of the field no longer is so 
rapid and the induced voltage decreases. Thus 
the current flowing is very small at first when 
the applied and induced e.m.f.s are about 
equal, but rises as the induced voltage becomes 
smaller. The process is cumulative, the current 
eventually reaching a final value determined 
only by the resistance in the circuit. 

In forcing current through the circuit against 
the pressure of the induced or " back" voltage, 
work is done. The total amount of work done 
during the time that the current is rising to its 
final value is equal to the amount of energy 
stored in the magnetic field, neglecting heat 
losses in the wire itself. As explained before, 
no further energy is put into the field once the 
current becomes steady. However, if the cir-
cuit is opened and current flow caused by the 
applied e.m.f. ceases, the field collapses. The 
rate of change of field strength is very great in 
this ease, and a voltage is again induced in the 
coil or wire. This voltage causes a current flow 
in the saine direction as that of the applied 
e.m.f., since energy is now being restored to the 
circuit. The energy usually is dissipated in the 
spark which occurs wisest such a circuit is 
opened. Since the field collapses very rapidly 
when the switch is opened, the induced e.m.f. 
at such a time can be extremely high. 
Inductance— As explained above, the 

strength of the self-induced voltage is propor-
tional to the rate of change of the field. How-
ever, it is also apparent from the foregoing that 
the voltage also depends upon the properties of 
the circuit, since, if a number of si lunar conduc-
tors are in the same varying field, t he same volt-
age will be induced in each. By combining the 
conductors properly, the total induced voltage 
in such a case will be the suns of the voltages 
induced in cads wire. Also, the rate of change of 
field strength depends upon the strength of the 
field set up by a given amount of current flow-
ing in the wire or coil, and this in turn depends 
upon the ampere-turns, permeability, length 
and cross-section of the magnetic path, etc. 

For a given circuit, however, the field 
strength will be determined by the current, and 
the rate of change of the field consequently 
will be determined by the rate of change of 
current. hence, it is possible to group all of 
these other factors into one quantity, a prop-
erty of the circuit. This property is called in-
ductance. When this is done, the equation giv-
ing the value of the induced voltage becomes: 

Induced voltage 
= L X rate of change of current 

where L is the value of inductance in the cir-
cuit. 

Inductance is a property associated with all 
circuits, although in many eases it may be so 
small in comparison to other circuit properties 
(such as resistance) that no error results from 
neglecting it. The inductance of a straight wire 
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increases with the length of the wire and de-
creases with increasing wire diameter. The in-
ductance of such a wire is small, however. For 
a given length of wire, much greater inductance 
can be secured by winding the wire into a coil 
so that the total flux from the wire is concen-
trated into a small space .and the flux density 
correspondingly increased. The unit of induc-
tance is the henry. A circuit or coil has an in-
ductance of one henry if an e.m.f. of one volt 
is induced when the current changes at the 
rate of one ampere per second. In radio work 
it is frequently convenient to use smaller units; 
those commonly used are the millihenry (one 
thousandth of a henry) and the microhenry 
(one millionth of a henry). 

It will be recognized that the relationship 
between inductance and the magnetic field 
is similar to that between capacity and the 
electrostatic field. The greater the inductance, 
the greater the amount of energy stored in the 
magnetic field for a given amount of current; 
the greater the capacity, the greater the 
amount of energy stored in the electrostatic 
field for a given voltage. 
The inductance of a coil of wire depends 

upon the number of turns, the cross-sectional 
dimensions of the coil, and the length of the 
winding. It also depends upon the permeability 
of the material on which the coil is wound, or 
core. Formulas for computing the inductance 
of air-core coils of the type commonly used in 
radio work, are given in Chapter Twenty. 
Mutual inductance — If two coils are ar-

ranged with their axes coinciding, as shown 
in Fig. 217, a current sent through Coil 1 will 
cause a magnetic field which cuts Coil 2. Con-
sequently, 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; that is, 

Induced e.m.f. • 
= M X rate of change of current 

where Al is a quantity called the in utualinducl-
ance of the two coils. The mutual inductance 
may be large or small, depending upon the 
self-inductances of the coils and the propor-
tion of the total flux set up by one coil which 
cuts the turns of the other coil. 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, while if only a small part of 
the flux set up by one coil cuts the turns of 
the other the mutual inductance may be rela-
tively small. Two coils having mutual induct-
ance are said to be coupled. 
The degree of coupling expresses the ratio of 

actual mutual inductance to the maximum 
possible value. Coils which have nearly the 
maximum possible mutual inductance are said 
to be closely, or tightly, coupled, while if the 
mutual inductance is relatively small the coils 
are said to be loosely coupled. The degree of 
coupling depends upon the physical spacing 
between the coils and how they are placed with 

Fig. 217 — Mutual 
inductance. When li-
the switch, S, is closed to ..- current flows through ,_ 
coil No. 1, setting up a ...-... 
magnetic field u hich ii,' 
induces an e.m.f. in I" 
the turns of coil No.2. 
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respect to each other. Maximum coupling ex-
ists when they have a common axis, as shown 
in Fig. 217, and are as close together as possible. 

If two coils having mutual inductance arc 
connected in the same circuit, the directions 
of the respective magnetic fields may be such 
as to add or oppose. In the former case the 
mutual inductance is said to be " positive"; 
in the latter case, " negative " Positive mutual 
inductance in such a circuit means that the 
total induct anre is greater than t he sum of the 
two individual inductances, while negative 
inductance means that the total inductance is 
less than the sum of the two individual in-
ductances. The mutual inductance may be 
made either positive or negative simply by 
reversing the connections to one of the coils. 

(1. 2-6 Fundamental Relations 

Direct current — A current which always 
flows in the saute direction through a circuit is 
called a direct current, frequently abbreviated 
d.c. Current flow caused by batteries, for ex-
ample, is direct current One terminal of each 
cell is always positive and the other always 
negative, hence electrons are attracted only in 
the one direction around the circuit. To make 
the current change direction, the connections 
to the battery terminals must be reversed. 
Work, energy and power— When a quan-

tity of electricity is moved from a point of one 
potential to a point at a second potential, work 
is done. The work done is the product of 
the quantity of electricity and the difference of 
potential through which it is moved; that is, 

W = QE 

In the practical system of units, with Q in 
coulombs and E in volts, the unit of work is 
called the joule. Energy, which is the capacity 
for doing work, is measured in the same units. 

Since / = Q /1 when the current is constant 
(§ 2-1), Q = It. Substituting for Q in the 
equation above gives 

11.7 Eli 

where E is in volts, / in amperes, and t in sec-
onds. One ampere vowing through a difference 
of potential of one volt for one second does one 
joule of work. Power is the time rate at which 
work is done, so that, if the work is done at a 
uniform rate, dividing the equation by 1 will 
give the electrical power: 

P = El 

The unit of electrical power is the watt. 
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In practical work, the term " joule" is sel-
dom used for the unit of work or energy. The 
more common name is watt-second (one joule is 
equal to one watt applied for one second). The 
watt-second is a relatively small unit; a larger 
one, the watt-hour (one watt of power applied 
for'one hour) is more frequently used. Again, 
for some purposes the watt is too small a unit, 
and the kilowatt (1000 watts) is used instead. 
A still larger energy unit is the kilowatt-hour, 
the meaning of which is easily interpreted. 

Fractional and multiple units — As illus-
trated by the examples in the preceding para-
graph, it is frequently convenient to change 
the value of a unit so that it will not be neces-
sary to use very large or very small numbers. 
As applied to electrical units, the practice is to 
add a prefix to the name of the fundamental 
unit to indicate whether the modified unit is 
larger or smaller. The common prefixes are 
micro (one millionth), mili (one thousandth), 
kilo (one thousand) and mega (one million). 
Thus, a microvolt is one millionth of a volt, a 
milliampere is one thousandth of an ampere, a 
kilovolt is one thousand volts, and so on. 

Unless there is some indication to the con-
trary, it should be assumed that, whenever a 
formula is given in terms of unprefixed letters 
(E, I, P, It, etc.), the fundamental units are 
meant. If the quantities to be substituted in 
the equation are given in fractional or multiple 
units, conversion to the fundamental units is 
necessary before the equation can be used. 
Ohm's Law— In any metallic conductor, 

the current which flows is directly proportional 
to the applied electromotive force. This rela-
tionship, known as Ohm's Law, can be written 

E = RI 

where E is the e.m.f., I is the current, and R is a 
constant, depending on the conductor, called 
the resistance of the conductor. By definition, 
a conductor has one unit of resistance when an 
applied e.m.f. of one volt causes a current of 
one ampere to flow. The unit of resistance is 
called the ohm. 
Ohm's Law does not apply to all types of 

conduction, particularly to conduction through 
gases and in a vacuum. The law is of very great 
importance, however, because practically all 
electrical circuits use metallic conduction. 
By transposing the equation, the following 

equally useful forms are obtained: 

E E 

The three equations state that, in a circuit to 
which Ohm's Law applies, the voltage across 
the circuit is equal to the current multiplied by 
the resistance; the resistance of the circuit is 
equal to the voltage divided by the current; 
and the current in the circuit is equal to the 
voltage divided by the resistance. 

Resistance and resistivity — The resistance 
of a conductor is determined by the material of 
which it is made and its temperature, and is 

directly proportional to the length of the con- • 
ductor (that is, the length of the path of the 
current through the conductor) and inversely 
proportional to the area through which the cur-
rent flows. If the temperature is constant, 

R = k —L 
A 

where R is the resistance, k is a constant de-
pending upon the material of which the con-
ductor is made, L is the length and A the area. 
For the purpose of giving a specific value to k, 
L is taken as one centimeter and A as one 
square centimeter (a cube of the material 
measuring one centimeter on a side); k is then 
the resistance in ohms of such a cube at a 
specified temperature. It is called the specific 
resistance or resistivity of the material. If the 
resistivity is known, the resistance of any 
conductor of known length and uniform cross-
section readily can be determined by the 
formula above. The length must be in centi-
meters and the area in square centimeters. 
The relationships given above are true only 

for unidirectional (direct) currents and low-
frequency alternating currents. Modifications 
must be made when the current reverses its 
direction many times each second (§ 2-8). 
Conductance and conductivity— The 

reciprocal of resistance is called conductance, 
and has the opposite properties to resistance. 
The lower the resistance of a circuit, the higher 
is the conductance, and vice versa. The sym-
bol of conductance is G, and the relationship 
to resistance is 

1 1 
G = — R = — 

R G 

The unit of conductance is called the mho. A 
circuit or conductor which has a resistance of 
one ohm has a conductance of one mho. By 
substituting 1/G for R in Ohm's Law, 

G = — I = EG E = — 
E G 

The reciprocal of resistivity is called the 
specific conductance or conductivity of a ma-
terial, and is measured in mhos per centimeter 
cube. It is frequently useful to know the rela-
tive conductivity of different materials. This 
is usually expressed in per cent conductivity, the 
conductivity of annealed copper being taken 
as 100 per cent. A table of per cent conductivi-
ties is given in Chapter Twenty. 
Power used in resistance— If two con-

ductors of different resistances have the same 
current flowing through them, then by Ohm's 
Law the conductor with the larger resistance 
will have a greater difference of potential 
across its terminals. Consequently, more en-
ergy is supplied to the larger resistance, since 
in a given period of time the same amount of 
electricity is moved through a greater potential 
difference. The energy appears in the form of 
heat in the conductor. With a steady current, 
the heat will raise the temperature of the con-
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Fig. 218 — Two common types of fixed resistors. The 
wire-wound type is used for dissipating power of the 
order of 5 watts or more. "Pigtail" resistors, usually 
made of carbon or other resistance material in the form 
of a molded rod or as a thin coating on an insulating tube, 
rallier than being wound N1 ith wire, are small in size but 
do not safely dissipate much power. Schematic symbols 
for fixed and variable resistors are shown at lower right. 

ductor until a balance is reached between the 
heat generated and that radiated to the sur-
rounding air or otherwise carried away. 

Since P = El, substituting for E the ap-
propriate form of Ohm's Law (E = IR) gives 

P = 12R 
and making a similar substitution for I gives 

E2 p 

That is, the power used in heating a resistance 
(or dissipated in the resistance) is proportional 
to the square of the voltage applied or to the 
square of the current flowing. In these formulas 
P is in watts, E in volts and / in amperes. 

Further transposition of the equations gives 
the following forms, useful when the resistance 
and power are known: — 

E = V1—'1? P 

Unless the circuit containing the resistance 
is being used for the specific purpose of gen-
erating heat, the power used in heating a re-
sistance is generally considered as a loss. How-
ever, there are very many applications in radio 
circuits where, despite the loss of power, a 
useful purpose is served by introducing re-
siztance deliberately. Hesistances made to 
specified values and provided with connecting 
terminals are called resistors. They are fre-
quently wound on ceramic or other heat-re-
sisting tubing with wire having high resistivity. 
Temperature coefficient of resistance — 

The resistance of most pure metals increases 
with an increase in temperature. The resist-
ance of a wire at any temperature is given by 

R = Ro ( 1 -I- at) 

where R is the required resistance, Ro the 
resistance at 0°C. (temperature of melting 
ice), t is the temperature (Centigrade), and 
a is the temperature coefficient of resistance. 
For copper, a is about 0.004; that is, starting at 
0°C., the resistance increases 0.4 per cent per 
degree above zero. 

Temperature coefficient of resistance be-
comes of importance when conductors operate 
at high temperatures. In the case of resistors 
used in electrical and radio circuits, the heat 
developed by current flow may raise the tem-
perature of the resistance wire to several hun-
dred degrees F. Thus the resistance at operat-
ing temperatures can be very much higher 
than the resistance at room temperature. Con-
sequently such resistors are wound with wire 
which has a low temperature coefficient of 
resistance, so that the resistance will be more 
nearly constant under all conditions. 
Resistances in series — When two or 

more resistances are connected so that the 
same current flows through each in turn, as 
shown in Fig. 219, they are said to be connected 
in series. Then, by Ohm's Law, 

= 114 
E2 e= IR2 
E3 = IR3 

etc., where the subscripts 1, 2, 3 indicate the 
first, second and third resistor, and the volt-
ages El, E2 and E3 are the voltages appearing 
across the terminals of the respective resistors. 
Adding the three voltages gives the tofu,' 
voltage across the three resistors: 

E = E2 E3 = IRI IR2 IR3 
I (R1 R2 + R3) = IR 

That is, the voltage across 
the resistors in series is equal 
to the current multiplied by 
the sum of the individual re-
sistances. In the above equa-
tion, R, which denotes this 
sum, may be called the equiv-
alent resistance or total re-
sistance. The equivalent 
resistance of a number of 
resistors connected in series 
is, therefore, equal to the 
sum of the values of the in-
dividual resistors. - 

Resistances in parallel— When a number 
of resistances are conneeted so that, the same 
voltage is applied to all, as shown in Fig. 220, 

Fig. 219— Resist-
ances in series. 

Fig. 220 — Resistances in parallel. 

they are said to be connected in parallel. By 
Ohm's Law, 

E E E 
11 = — 12 — 13 = — 

R1 R2 R3 

so that the total current, f, which is the sum 
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of the currents in the individual resistors, is 

E E E 
I = -I- 12 13 = — --r— = 

R1 R2 R3 

E G1 1 1 1 T2 + Te-2 -F re;) E Te 

where R is the equivalent resistance — i.e., 
the resistance through which the same total 
current would flow if such a resistance were 
substituted for the three shown. Therefore, 

1 1 1 1 

= /7; 1- 7?-2 ± T13 

That is, the reciprocal of the equivalent re-
sistance of a number of resistances in parallel 
is equal to the sum of the reciprocals of the 
individual resistances. Since the reciprocal of 
resistance is conductance, 

G = G1 + G2 + G3 

where G is the total conductance and GI, G2, 
G3, etc., are the individual conductances in 
parallel. 
To obtain R instead of its reciprocal the 

equation above may be inverted, so that 

1  
R — 

1 1 1 

ri + T12 + T13 

The number of terms in the denominator of 
this equation will, of course, be equal to the 
actual number of resistors in parallel. 

For the special case of only two resistances in 
parallel, the equation reduces to 

R -  RI R2  
RI ± 

&Ties-parallel connection of resistors is shown 
in Fig. 221. When circuits of this type are en-
countered the equivalent or total resistance 
can be found by first adding the series re-
sistances in each group, then treating each 
group as a single resistor so that the formula 
for resistors in parallel can be used. 

Eif E2=E 
E3+ E4 = E 
1= 11 + 12 

rig. 221 — Series- parallel connection of resistances. 
Voltage and current relationships are given at the right. 

Voltage dividers and potentiometers — 
Since the same current flows through resistors 
connected in series, it follows from Ohm's 
Law that the voltage (termed voltage drop) 
across each resistor of a series-connected group 
is proportional to its resistance. Thus, in Fig. 
222-A, the voltage E1 across R1 is equal to the 
applied voltage, E, multiplied by the ratio of 

R1 to the total resistance, or 

Rt  
= E 
RI + R2 + E3 

Similarly, the voltage, E2, is equal to 

RI ± R2  E 
R1 + R2 + 23 

Such an arrangement is called a voltage divider, 
since it provides a means for obtaining smaller 
voltages from a source of fixed voltage. When 
current is drawn from the divider at the various 
tap points the above relations are no longer 
strictly true, for then the same current does not 
flow in all parts of the divider. Design data for 
such cases are given in § S-10. 

(3) 

Fig. 222 — Voltage divider (A) and potentiometer (1.1). 

A similar arrangement is shown in Fig. 
222-B, where the resistor, R, is equipped 
with a sliding tap for line adjustment. Such a 
variable resistor is frequently called a po-
tentiometer. 
Inductances in series and parallel — As 

explained in § 2-5, inductance determines the 
voltage induced when the current changes at a 
given rate. That is, E = L X rate of change of 
current. This resembles Ohm's Law, if L cor-
responds to R and the rate of change of current 
to I. Thus, by reasoning similar to that used 
in the case of resistors, it can be shown that, 
for inductances in series. 

L = L1 + L2 + L3 
and for inductances in parallel, 

1 
L - 

1 1 1 
+ L1 L2 + L3 

where the number of terms in either equation 
is determined by the actual number of induc-
tances connected in series or parallel. 
These equations do not hold if there is mu-

tual inductance (§ 2-5) between the coils. 
Condensers in series and parallel — When 

a number of condensers are in parallel, as in 
Fig. 223-A, the same e.m.f. is applied to all. 
Consequently, the quantity of electricity stored 
in each is in proportion to its capacity. The 
total quantity stored is the sum of the quanti-
ties in the individual condensers: 

Q = Q2 + Q2 + (23 = CiE C2E C3E = 
(Cl -I- C2 C3)E = CE 

where C is the equivalent capacity. The equiv-
alent capacity of condensers in parallel is equal 
to the sum of the individual capacities. 
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Fig. 223 — Condensers in parallel (A) and in series (It). 

When condensers are connected in series, 
as in Fig. 223-B, the application of an e.m.f. to 
the circuit causes a certain quantity of elec-
tricity to accumulate on the top plate of CI. 
By electrostatic induction, an equal charge of 
opposite polarity (negative in the illustration) 
appears on the bottom plate of CI, and, since 
the lower plate of C1 and the upper plate of C2 
are connected together, this must leave an 
equal positive charge on the upper plate of C2. 
This, in turn, causes the lower plate of C2 to 
assume an equal negative charge, and so on 
down to the plate connected to the negative 
terminal of the source of e.m.f. In other words 
the same quantity of electricity is placed on 
each condenser, and this is equal to the total 
quantity stored. The voltage across each con-
denser will depend upon its capacity, and the 
sum of these voltages must equal the applied 
voltage. Thus, 

Q 
=-

CI C2 C3 

Q ( 1 + 1 + 1 = 

C2 ( 81 C 

where C is the equivalent capacity. This leads 
to an expression similar to that for resistances 
in parallel: 

1 
— 

CI C2 C3 
where the num ber of terms in the denominator 
should be the same as the actual number of 
condensers in series. 
Time constant — When a condenser and 

resistor are connected in series with a source of 
e.m.f., such as a battery, the initial flow of cur-
rent into the condenser is limited by the re-
sistance, so that. a longer period of time is 
required to complete the charging of the con-
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denser than would be the case without the 
resistor. Likewise, when the condenser is dis-
charged through a resistor a measurable period 
of time is taken for the current flow to reach a 
negligible value. In the case of either charge or 
discharge the time required is proportional to 
the capacity and resistance, the product of 
which is called the time constant of the circuit. 
If C is in farads and R in ohms, or C in micro-
farads and R in megohms, the product gives 
the time in seconds required for the voltage 
across a discharging condenser to drop to 1. e, 
or approximately 37 per cent of its original 
value. (The constant e is the base of the natural 
series of logarithms.) 

Cabbnilear 
Jade 

Penier 

Rotatable 

Magnet 
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Fig. 225 Left — The d'Arsonval or moving-coil meter 
for d.e. current measurement. Current flowing through 
the rotatable coil in the field of the permanent magnet 
causes a force to act oit the coil, tending to turn it. The 
turning tendency is counteracted by springs (not shown) 
so that the amount of movement is proportional to the 
value of the current in the coil. Right — In the simpler 
moving-iron-vane type, a light-weight soft-iron plunger 
is attracted by current flowing in a fixed coil. As the 
plunger moves the pointer to which it is linked also 
moves, until the magnetic force in the coil is balanced 
by the spiral spring restraining the plunger movement. 

In a circuit containing inductance and re-
sistance in series, the effect of the resistance is 
to shorten the period required for the current to 
reach its final value (§ 2-5) after an e.m.f. is 
applied to the circuit. The tinte constant of 
such a circuit is equal to L/R, where L is in 
henrys and R in ohms. It gives 1 he time in sec-
onds required fog the current to reach I-1/e, or 
approximately 63 per cent of its final steady 
value when a constant voltage is applied. 
By proper application to associated circuits 

and devices such as vacuum tubes, it is possible 
by suitable selection of time constant to create 
almost any desired wave or pulse shape. This 
is of practical importance in many circuit ap-
plications in amateur transmission and recep-
tion, as in electronic keyers, automatic volume 
control, resistance-capacity filters and remote 
control. Apart from these applications, many 
of the techniques employed in television and 
specialized electronic devices are based on this 
principle. 
Measuring instruments — Instruments for 

measuring d.c. current and voltage make use 
of the force acting on a coil carrying current in 
a magnetic field (§ 2-5), produced by a per-
manent magnet, to move a pointer along a 
calibrated scale. The magnetic field may be 
produced by a permanent magnet acting upon 
a moving coil, or by a fixed coil acting upon a 
moving iron vane or plunger, 
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The first type of instrument, based on what 

is known as the 'd'Arsonval moving-coil move-
ment, is shown at the left in Fig. 225. The mov-
ing-iron vane instrument shown at the right is 
less accurate and requires higher energizing 
current, making it relatively insensitive as com-
pared to the moving-coil type. Only the cheaper 
measuring instruments available to amateurs 
are based on this principle. 

Multiplier 

Voltage Measuremen.5 

Current Measuremeni 

Fig. 226 — Circuit conneetions for measuring current 
and voltage. The shunt resistor is used for increasing the 
value of the current u hieli the instrument can measure, 
by providing an alternate path through % Inch some of 
the current can flow. The series multiplier limits the 
current when the instrument is used to measure voltage. 

In such instruments the current required for 
full-scale deflection of the pointer varies from 
several milliamperes to a few microamperes, 
according to the sensitivity required. If the 
instrument is to read high currents, it is 
• shunted (paralleled) by a low resistance 
through which most of the current flows, leav-
ing only enough flowing through the instru-
ment to give a full-scale deflection correspond-
ing to the total current flowing through both 
meter and shunt. An instrument which reads 
microamperes is called a microa in meter or 
galvanometer; one calibrated in milliamperes is 
called a milliammeter; one calibrated in am-
peres is an ammeter. A voltmeter is simply a mil-
liammeter with a high resistance in series so 
that the current will be limited to a suitable 
value when the instrument is connected across 
a voltage source; it is calibrated in terms of 
the voltage which must appear across the 
terminals to cause a given value of current to 
flow. The series resistance is called a multi-
plier. A wattmeter is a combination voltmeter 
and ammeter in which the pointer deflection 
is proportional to the power in the circuit. 
An ammeter or milliammeter is connected 

in series with the circuit in which current is 
being measured, so that the current flaws 
through the instrument. A voltmeter is con-
nected in parallel with the circuit. 

(1, 2-7 Alternating Current 

Description — An alternating current is one 
which periodically reverses its direction of 
flow. In addition to this alternate change in 
direction, usually the amount or amplitude of 
the current also varies continually during the 
period when the current is flowing in one di-
rection. These variations are accompanied by 
corresponding variations in the magnetic field 
set up by the current, and it is this feature 
which makes the alternating current. so useful. 
By means of the varying field, energy may be 

continually transferred (by induction) from 
one circuit to another without direct connec-
tion, and the voltage may be changed in the 
process. Neither of these is possible with direct 
current because, except for brief periods when 
the circuit is closed or opened, the field ac-
companying a steady direct current is un-
changing, and hence there is no ,way of inducing 
an e.m.f. except by moving a conductor 
through the field (§ 2-5). 

Alternating currents may he generated in 
several ways. Rotating electrical machines (a.c. 
generators or alternators) are used for develop-
ing large amounts of power when the rate of 
reversal is relatively slow. However, such ma-
chines are not suitable for producing currents 
which reverse direction thousands or millions 
of times each second. The thermionic vacuum 
tube is used for this purpose, as described in 
Chapter Three. 
The simplest form of alternating current (or 

voltage) is shown graphically in Fig. 227. This 
chart shows that the current starts at zero 
value, builds up to a maxinmm in one direc-
tion, comes back (Iowa to zero, builds up to a 
maximum in the opposite direction and comes 
back to zero. The curve follows the sine law 
and is known as a sine ware, because of the 
wavelike nature of the curve which results 
when sine values are plotted on rectangular 
coordinates as a function of angle or time. 
Frequency — The euinplele wave shown in 

Fig. 227 is called a cycle, and the length of time 
required to complete one cycle is called the 
period. Each half of the cycle, during which the 
current is flowing in one direction, although its 
strength is varying, is known as an alteration. 
The number of cycles the wave goes through 
each second of time is called the frequency. 
In radio work, where frequencies are extremely 
large, it is convenient to use two other units, 
kilocycles per second (cycles per second ÷ 1000) 
and megacycles per second (cycles per second 
÷ 1,000,000). These are usually abbreviated 
kc. and Me., respectively. Occasionally these 
abbreviations are writ ten kes. and Mcs. to indi-
cate " kilocycles per second" and " megacycles 
per second" rather than simply " kilocycles" 
and " megacycles," but. it is understood that 
"per second" is meant when the shorter forms 
are used. 

i-Peak value 

1.0 A.C. meters read the 
effective (ems.) values 

0307 of current and voltage 
(rms. 0107 of peal( 
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Fig. 227 - inc wave of alternating current or voltage. 
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Electrical degrees — If we take a fixed point 

on the periphery of a revolving wheel, we find 
that at the end of each revolution, or cycle, the 
point has come back to its original starting 
place. Its position at any instant can be ex-
pressed in terms of the angle between two lines, 
one drawn from the center of the wheel to the 
point at the instant of time considered, the 
other drawn from the wheel center to the start-
ing point. In making one complete revolution 
the point has travelled through 360 degrees, a 
half revolution 180 degrees, a quarter revolu-
tion 90 degrees, and so on. The periodic wave 
of alternating current may be treated simi-
larly, one complete cycle equalling one revo-
lution or 360 degrees, one alternation (half 
cycle) 180 degrees, and so on. With the cycle 
divided up in this way, the sine curve simply 
means that the value of current at any instant 
is proportional to the sine of the angle which 
corresponds to the particular fraction of the 
cycle considered. 
The concept of angle is universally used in 

alternating currents. Generally, it is expressed 
in the fundamental form, using the radian 
rather than the degree as a unit, whence a 
cycle is equal to 27 radians, or a half cycle to 
7r radians. The expression 2n/, for which the 
symbol co is often used, simply means electrical 
degrees per cycle times frequency, and is 
called the angular velocity. It gives the total 
number of electrical radians passed through by 
a current of given frequency in one second. 

Peak, ittsian tarteous, effect ive and average 
values — The highest value of current or volt-
age during the time when the current is flowing 
in one direction is called the maximum or peak 
value. For the sine wave, the peak has the same 
absolute value on both the positive and nega-
tive halves of the cycle. This is not necessarily 
true of waves having shapes other than the 
true sine forma. 
The value of current or voltage existing at 

any particular point of time in the cycle is 
called the instantaneous value. The instant for 
which a particular value is to be found can be 
specified in ternis of time (fraction of the pe-
riod) or of angle. 

Since both the voltage and current are 
swinging continuously between their positive 
maximum and negative maximum values, it 
might be wondered how one can speak of so 
many amperes of alternating current when the 
value is changing continuously. The problem is 
simplified in practical work by considering that 
an alternating current has an effective value 
of one ampere when it produces heat, in flowing 
through a given resistance, at the same average 
rate as one ampere of continuous direct current 
flowing through the same resistance. This 
effective value is the square root of the mean 
of all of the instantaneous current values 
squared. In the case of the sine-wave form, 

Een = V1 34EL. 

For this reason, the effective value of an alter-

nating current or voltage is also known as the 
root-mean-square, or r.m.s., value. Hence, the 
effective value is the square root of h, or 0.707, 
times the maximum value. 

In a purely a.c. circuit the average current 
over a whole cycle must be zero, because if the 
average current on, say, the positive half of the 
cycle were greater than the average on the 
negative half, there would be a net current flow 
in the positive direction. This would correspond 
to a direct (although intermittent) current, 
and hence must be excluded because a purely 
alternating current was assumed. The " aver-
age" value of an alternating current is defined 
as the average current during the part of the 
cycle when the current is flowing in one direc-
tion only. It is of particular importance when 
alternating current is changed to direct current 
by the methods considered in later chapters. 
For a sine wave, the average value is equal to 
0.636 of the peak value. 

In the sine wave the three voltage values, 
peak, effective and average, are related to each 
other as follows: 

EmŒ= Eat X 1.414 = E0. X 1.57 
Ed( = E. X 0.707 = X 1.11 

= Es. X 0.636 -=- Eat X 0.9 
The relationships for current are equivalent 

to those given above for voltage. 
Phase — As the next few paragraphs will 

show, the current and voltage in an alternat-
ing-current circuit may not pass through their 
maximum and minimum values at the same 
time, even though both are sine waves of the 
same frequency. The time at which a particu-
lar part of the cycle (such as the positive peak) 
occurs is called the pitase of the wave. If two 
waves are not exactly in step there is a phase 
difference bet ween them. The phase difference 
can be expressed in.terms of the actual differ-
ence in time between the two instants at which 
the two waves reach corresponding parts of 
their cycles, but it is generally more convenient 
to measure it in angular units. A phase differ-
ence of 90 degrees, for example, means that one 
wave reaches its maximum value one-quarter 
cycle before the other wave reaches its maxi-
mum value in the same direction. 
The phase relationships between two cur-

rents (or two voltages) of the same frequency 
are defined in the same way. When two such 
currents are combined the resultant is a single 
current of the same frequency, but having an 
instantaneous amplitude equal to the algebraic 
sum of the amplitudes of the two components 
at the same instant. The amplitude of the re-
sultant current hence is determined by the 
phase relationship between the two currents 
before combination. Thus if the two currents 
are exactly in phase, the maximum value of 
the resultant will be the numerical sum of the 
maximum values of the individual currents; if 
they are 180 degrees out of phase, one reaches 
its positive maximum at the instant the other 
reaches its negative maximum, hence the re-
sultant current is the difference between the 
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two. In the latter case, if the two currents have 
the same amplitude the resultant current is 
zero. 
Current, voltage and power in an in-

ductance— When alternating current flows 
through an inductance, the continually vary-
ing magnetic field causes the continuous gen-
eration of an e.m.f. of self-induction (§ 2-5). 
The induced voltage at any instant is propor-
tional to the rate at which the current is 
changing at that instant. If the current is a 
sine wave, it can be shown that the rate of 
change is greatest when the current is passing 
through zero and least when the current is 
maximum. For this reason, the induced voltage 
is maximum when the current is zero and zero 
when the current is maximum. The direction or 
polarity of the induced voltage is such as to 
tend to sustain the current flow when the cur-
rent is decreasing and to prevent it from flow-
ing when the current is increasing (§ 2-5). As 
a result, the induced voltage in an inductance 
lags 90 degrees behind the current. 

By Lenz's Law, the 
induced voltage must 
always oppose the ap-
plied voltage; that is, 
the induced and ap-
plied voltages must be 
in phase opposition, or 
180 degrees out of 
phase. Consequently, 
the applied voltage 
leads the current by 90 
degrees. Or, using the 
voltage as a reference, 
the current in an in-
ductance lags 90 de-

- grees, or one-quarter 
cycle, behind the volt-
age. These relation-
ships are shown in Fig. 
228. 
When the current is 

Increasing in either direction, energy is being 
stored in the magnetic field. At such times the 
voltage has the same polarity as the current, so 
that the product of the two, which gives the 
instantaneous power fed to the inductance, is 
positive. When the current is decreasing energy 
is being restored to the circuit and the applied 
voltage has the opposite polarity, so that the 
product of current and voltage is negative. This 
is also shown in Fig. 228. Positive power means 
power taken from the source (i.e., the source of 
the applied e.m.f.), while negative power means 
power returned to the source. Power is alter-
nately taken and given back in each quarter 
cycle, and, since the amount given back is the 
same as that taken, the average power in an 
inductance is zero when considering a whole 
cycle. In a practical inductance the wire 
will have some resistance, so that some of the 
power supplied will be consumed in heating 
the wire, but if the resistance of the circuit is 
small compared to the inductance the power 

Fig. 228 — Voltage, cur-
rent and power relations 
in an alternating-current 
circuit consisting of in-
ductance only. 

consumption is very small compared to the 
power which is alternately stored and returned. 
Current, voltage and power in a con-

denser— When an alternating voltage is ap-
piled to a condenser, the condenser acquires a 
charge while the voltage is rising and loses its 
charge while the voltage is decreasing. The 
quantity of electricity stored in the condenser 
at any instant is proportional to the voltage 
across its terminals at that instant (Q = CE). 
Since current is the rate of transfer of quantity 
of electricity, the current flowing into the con-
denser (when it is being charged) or out of it 
(when it is discharging) consequently will be 
proportional to the rate of change of the ap-
plied voltage. If the voltage is a sine wave, its 
rate of change will be greatest when passing 
through zero and least when the voltage is 
maximum. As a result, the current flowing into 
or out of the condenser is greatest when the 
voltage is passing through zero and least when 
the voltage reaches its peak value. 

This relationship is shown in Fig. 229. When-
ever the voltage is rising (in either direction) 
the current flow is in the same direction as the 
applied voltage. When the voltage is decreas-
ing and the condenser is discharging, the cur-
rent flows in the opposite direction. The energy 
stored in the condenser on the charging part of 
the cycle is restored to the circuit on the dis-
charge part, and the total energy consumed in 
a whole cycle therefore is zero. A condenser 
operating on a.c. takes no average power from 
the source, except for such actual energy losses 
as may occur as the result of heating of the 
dielectric (§ 2-3). The energy loss in air con-
densers used in radio circuits is negligibly small 
except at extremely high frequencies. 
As shown by Fig. 229, the phase relation-

ship between current flow and applied voltage 
is such that the current leads the voltage by 90 
degrees. This is just the opposite to the in-
ductance case. 

E,471. 

Fig. 229 — Voltage, current 
and power relations in an 
alternating-current circuit 
consisting of capacity only. 

Current, voltage and power in resistance 
— In a circuit containing resistance only there 
are no energy storage effects, and consequently 
the current and voltage are in phase. The cur-
rent therefore always flows in the same direc-
tion as the applied voltage, and, since the power 
is always positive, there is continual power 
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dissipation in the resistance. The relationships 
are shown in Fig. 230. 

Strictly speaking, no circuit can have resist-
ance only, because the flow of current always 
is accompanied by the creation of a mag-
netic field and every conductor also has a cer-
tain amount of capacity. Whether or not such 
residual inductance and capacity are large 
enough to require consideration is determined 
by the frequency at which the circuit is to 
operate. 
The a.c. spectrum— Alternating currents 

of different frequencies have different proper-
ties and are useful in a variety of ways. For the 
transmission of power to light homes, run mo-

tors and perform familiar 
everyday tasks by elec-
trical • means, low fre-
quencies are most suit-
able. Frequencies of 25, 
50 and 60 cycles are in 
common use, the latter 
being most widely used 
in this country. The 
range of frequencies be-
tween about 15 and 
15,000 cycles is known as 
the audio-frequency range, 
because when frequen-
cies of this order are con-
verted from a.c. into air 

Fig. 230 — Voltage, 
current and power re-
lations in an alternat-
ing-current circuit 
consisting of resist-
ance only. 

vibrations, as by a loud-
speaker or telephone re-
ceiver, they are distin-
guishable as sounds hav-
ing a tone pitch propor-
tional to the frequency. 

Frequencies above 15,000 cycles ( 15 kilo-
cycles) are used for radio communication, be-
cause at frequencies of this order it is possible 
to convert electrical energy into radio waves 
which can be radiated over long distances. 

For convenience in reference, the following 
classifications for radio frequencies have been 
recommended by an international technical 
conference and are now increasingly in use: 

10 to 30 kilocycles Very-low frequencies 
30 to 300 kilocycles Low frequencies 
300 to 3000 kilocycles Mediuni frequencies 
3 to 30 megacycles High frequencies 
30 to 300 megacycles Very-high frequencies 
300 to 3000 megacycles Ultrahigh frequencies 
3000 to 30,000 megacycles Superhigh frequencies 

Until recently, other terminology was used; 
for example, the region above 30 megacycles 
formerly was considered the " ultrahigh" fre-
quencies. 
Waveform, harmonics— The sine wave is 

not only the simplest but for many purposes is 
the most desirable waveform. Many other 
waveforms are met in practice, however, and 
they may differ considerably from the simple 
sine case. It is possible to show by analysis 
that any such waveform can be resolved into a 
number of components of differing frequencies 
and amplitudes, but related in frequency in 
such a way that all are integer multiples of 

the lowest frequency present. The lowest fre-
quency is called the fundamental, and the 
multiple frequencies are called harmonics. Thus 
a wave may consist of fundamental, 3rd, 5th, 
and 7th harmonics, meaning, if the funda-
mental frequency is say 100 cycles, that fre-
quencies of 300, 500 and 700 cycles also are 
present in the wave. 

Fig. 231 shows how a fundamental and a 
second harmonic might combine to form a non-
sinusoidal wave. An infinite number of wave-
forms could be obtained from the combination 
of two such waves, since the shape of the com-
bined wave will depend upon the amplitude 
and phase of the two component waves. 
The square wave, also shown in 'Fig. 231, 

consists of a fundamental and an infinite num-
ber of harmonics. This type of wave is useful in 
a variety of applications. 

2-8 Ohm's Law for Alternating 
Currents 

Resistance— Since current and voltage are 
always in phase through a resistance, the in-
stantaneous relations for a.c. are equivalent to 
those in d.c. circuits. By definition, the effec-
tive units of current and voltage for a.c. are 
made equal to those for d.c. in resistive cir-
cuits (§ 2-7). Therefore the various formulas 
expressing Ohm's Law for d.c. circuits apply 
without any change to a.c. circuits containing 
resistance only, or for purely resistive parts of 
complex a.c. circuits. See § 2-6. 

In applying the formulas, it must be remem-
bered that consistent units must be used. For 
example, if the instantaneous value of current 
is used in finding voltage or power, the voltage 
found will be the instantaneous voltage and the 
power will be the instantaneous power. Like-
wise, if the effective value is used for one quan-
tity in the formula, the unknown will be ex-
pressed in effec-
tive value. Un-
less otherwise 
indicated, the 
effective value 
of current or 
voltage is al-
ways understood 
to be meant 
when reference 
is made to " cur-
rent" or " volt-
age." 
Reactance — 

In the preced-
ing section it 
was shown that 
energy-storage 
effects in induct- SQUARE WAVE 

ance and capac-
itance cause a 
phase difference 
to exist between 
the applied volt-
age and the cur-

2No HARMONIC 

f\AÍ  SESuireer . 

Fig. 231 — Combination of a 
fundamental and second har-
monic with the amplitude and 
phase relationships shown gives 
the non-sinusoidal resultant. The 
square ware, below, contains an 
infinite number of harmonics. 
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rent that flows as a result. Because of this, 
Ohm's Law cannot be applied in its entirety to 
a.c. circuits containing inductance and/or 
capacitance, particularly for the calculation of 
power consumed. However, the amplitude of 
the current that flows in such circuits is directly 
proportional to the voltage applied, just as it is 
in purely resistive circuits. In other words, both 
inductance and capacity offer opposition to 
current flow, and this opposition can be meas-
ured in ohms just as it is in the case of resist-
ance. But the opposition is called reactance to 
indicate that it does not consume power and 
thereby distinguish it from resistance. 
Ohm's Law formulas extended to include re-

actance are quite similar to the formulas for 
resistive circuits: 

E   E = XI X = — E 
I 

where X is the symbol for reactance. 
Reactance differs from resistance in another 

respect — its value, for a given amount of in-
ductance or capacity, varies with the fre-
quency of the current flowing, whereas resist-
ance is not inherently affected by frequency. 
However, the reactance of a given inductance 
or capacity is constant for all values of applied 
voltage so long as the frequency is constant. 
Inductive reactance— When alternating 

current flows through an inductance it must 
take just the right value to make the induced 
voltage equal the applied voltage (§ 2-7). 
Since the induced voltage is equal to the in-
ductance multiplied by the rate of change of 
the current, it is evident that the larger the 
value of inductance considered, the smaller the 
rate of current change required to induce a 
given voltage. If the frequency is fixed, the 
rate at which the alternating current changes 
is simply proportional to the amplitude of the 
current. Hence a small current will suffice if the 
inductance is large, while a large current will 
be required if the inductance is small, assuming 
that the applied voltage is the same in both 
cases. In other words, the reactance of an in-
ductance is directly proportional to the value 
of the inductance, at a fixed frequency. 

However, the rate of change of current is 
proportional to frequency as well as to ampli-
tude, because the greater the number of cycles 
per second the more rapidly the current goes 
through its regular variations. Consequently, 
increasing the frequency will have the same ef-
fect as increasing the amplitude of the current 
insofar as the induced voltage is concerned; or, 
to put it another way, if the frequency is in-
creased the amplitude may be decreased in the 
same proportion to maintain the same induced 
voltage in a given inductance. Smaller current 
amplitude through a fixed value of inductance 
means that the reactance is higher, so it is ap-
parent that the reactance of an inductance in-
creases with increasing frequency. 
Thus three factors, inductance, current am-

plitude, and frequency (angular velocity) de-
- 

termine the induced voltage. Combining them, 
we have, for sine-wave current, 

E 
E = 27rfLI, or — = 2trfL 

Since X = E/I, then 
XL = 2trfL 

where the subscript L indicates that the re-
actance is inductive. 
The fundamental units (ohms, cycles, 

henrys) must be used in the above equation, 
or appropriate factors inserted if other units 
are employed. If inductance is in millihenrys, 
the frequency should be stated in kilocycles; if 
inductance is in microhenrys, the frequency 
should be given in megacycles, to bring the 
answer in ohms. 

Capacitive reactance— The quantity of 
electricity stored in a condenser depends upon 
the capacity and the applied voltage (Q -= CE), 
and if losses are negligible the same quantity of 
electricity is taken out of the condenser on dis-
charge. Current must flow into the condenser 
to charge it, and must flow out of it to dis-
charge it; the value of the current is the rate at 
which the quantity of electricity is put into the 
condenser or taken out (§ 2-4). When an a.c. 
voltage is applied to a condenser the alternate 
movement of a quantity of electricity to charge 
and discharge it as the applied voltage rises 
and falls and reverses polarity, constitutes cur-
rent flow " through" the condenser. 
The amplitude of the current at any instant 

is proportional to the rate of change of the 
voltage at that instant; the greater the rate of 
change the faster the given quantity of elec-
tricity is moved. The amplitude is also propor-
tional to the capacitance of the condenser, 
since a larger capacitance will take a larger 
quantity of electricity at, a given voltage. Since 
the rate of change of voltage is proportional to 
the amplitude of the voltage and its frequency, 
then for a sine-wave voltage 

E 1 
I = 27rfCE, or — = 

/ 2irfC 
Since X = Ell, then 

1 
Xc = — 

27rfC 

where the subscript C indicates that the reac-
tance is capacitive. Capacitive reactance is 
inversely proportional to capacity and to the 
applied frequency. For a given value of capac-
ity, the reactance decreases as the frequency 
increases. 

Fundamental units (farads, cycles per sec-
ond) must be used in the right-hand side of the 
equation to obtain the reactance in ohms. Con-
version factors must be used if the frequency 
and capacity are in units other than cycles 
and farads. If C is in microfarads and f in 
megacycles, the conversion factors cancel. 
Impedance— In any series circuit the same 

current flows through all parts of the circuit. 
If a resistance and inductance are connected 
in series to form an a.c. circuit they both carry 
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the same current, but the voltage across the 
resistance is in phase with the current while 
the voltage across the inductance leads the 
current by 90 degrees. In a d.c. circuit with 
resistances in series, the applied voltage is 
equal to the sum of the voltages across the in-
dividual resistances (§ 2-6). This is also true of 
the a.c. circuit with resistance and inductance 
in series if the instantaneous voltages are added 
algebraically to find the instantaneous value 
of applied voltage. But, because of the phase 
difference between the two voltages, the maxi-
mum value of the applied voltage will not be 
the sum of the maximum values of the two 
voltages, so that the effective values cannot be 
added directly. The same considerations hold 
in the case of resistance and capacity in series. 

In either case the total voltage is given by 
the following expressions: 

E2 = Ex E2R, or E = V -E2a 4- 22x 

where Ex indicates the voltage across the re-
actance, which may be either inductive or 
capacitive, and ER is the voltage across the 
resistance. 

Since ER = IR and Ex = IX, substitution 
gives 

E   E = I v R2 + X2, or 7 = .vR2 je 

E/I is called the impedance of the circuit and is 
designated by the letter Z. Hence, 

z = vie + 2r2 
The impedance determines the voltage which 
must be applied to the circuit to cause a given 
current to flow. The unit of impedance is, 
therefore, the ohm, just as in the ease of re-
sistance and reactance, which also determine 
the ratio of voltage to current. Ohm's Law for 
alternating current circuits then becomes 

I = —E • Z = —E • E = IZ 
2' I 

It should be noted that the equivalent Ohm's 
Law relationship for power in a d.c. circuit 
does not apply directly in the case of an a.c. 
circuit where Z replaces R. As will be ex-
plained, the power factor of the circuit must be 
taken into consideration. 

In summary, impedance is a generalized 
quantity applying to a.c. or d.c. circuits, sim-
ple or complex. In a d.c. circuit or in an a.c. cir-
cuit containing resistance only, the phase angle 
is zero (current and voltage are in phase) and 
the impedance is equal to the resistance. 

In an a.c. circuit containing reactance only 
the phase angle is 90 degrees, with current lag-
ging the voltage if the reactance is inductive 
and current leading the voltage if the reactance 
is capacitive. In either case, the impedance is 
equal to the reactance. 

In an a.c. circuit containing both resistance 
and reactance the phase angle may have any 

value between zero and 90 degrees, with the 
current lagging the voltage if the reactance is 
inductive and leading the voltage if the re-
actance is capacitive. The value of impedance, 
in ohms, may be found from the equation given 
above. 
Power is consumed in a circuit only when the 

current flow produced by the applied voltage 
is less than 90 degrees out of phase with that 
voltage. Power consumption decreases from 
maximum with in-phase conditions to zero at 
a 90-degree phase difference. 

Series circuits with L, C and R— When 
inductance, capacity and resistance all are in 
series in an a.c. circuit, the voltage relations 
are a combination of the separate cases just 
considered. The voltage across each element 
will be proportional to the resistance or react-
ance of that element, since the current is the 
same through all. The voltages across the in-
ductance and capacity are 180 degrees out of 
phase, since one leads the current by 90 de-
grées and the other lags the current by 90 de-
grees. This means that the two voltages tend 
to cancel; in fact, if the voltage across only the 
inductance and capacity in series is considered 
(leaving out the resistance), the total voltage 
is the difference between the two voltages. 
The total reactance in a series circuit is, 

therefore, the difference between the individ-
ual inductive and capacitive reactances; or 

X = XL — Xc 

If more than one inductance element is pres-
ent in the circuit, the total inductive reactance 
is the sum of the individual reactances; simi-
larly, the same is true for capacitive react-
ances. Inductive reactance is conventionally 
taken as " positive" (-I-) in sign and capaci-
tive reactance as " negative" (— ). With this 
convention, algebraic addition of all the re-
actances in a series circuit gives the total re-
actance of the circuit. 

Parallel circuits with L, C and R— The 
equivalent resistance of a number of resistances 
in parallel in an a.c. circuit is found by the same 
rules as in the case of d.c. circuits (§ 2-6). 
Parallel reactances of the same kind have an 
equivalent reactance given by a similar rule: 

1  
X= 1 

1-T11- TC-21- X3 

This formula applies to reactances of the same 
sign; it cannot be used if both inductive and 
capacitive reactance are in parallel. 
When both resistance and reactance are in 

parallel the same voltage is applied to both, 
but the current in the resistance branch will 
not be in phase with the current in the reactive 
branch. The phase difference will be 90 degrees 
if each branch contains only resistance or only 
reactance, so that the total current may be 
found by a rule similar to that used for finding 
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the total voltage in a series circuit. That is, 

= -‘,/n 
The impedance of the circuit is equal to E/I, so 

Z —  E  
.0.1, -I- a 

By assuming some convenient value for the ap-
plied voltage and then solving for the currents 
in the resistance and reactance, the values so 
found may be substituted in this equation to 
find the impedance of the circuit. 
The formulas above may be used for either 

inductive or capacitive reactance. When induc-
tive reactance and capacitive reactance are in 
parallel, the current through the inductance is 
180 degrees out of phase with the current 
through the condenser, hence the total current 
is the difference between the two currents. This 
difference may be substituted for Ix in the 
above equations. 

It is of interest to note that, since the total 
current flowing in a circuit containing induc-
tive and capacitive reactance in parallel is the 
difference between the currents in the two 
branches, the impedance of such a parallel 
combination always is larger than the re-
actance of either branch alone. Any resistance 
which also may be in parallel is unaffected, 
since the current taken by the resistance is de-
termined solely by the applied voltage. 

With series-parallel circuits the solution be-
comes considerably more complicated, since 
the phase relationships in any parallel branch 
may not be either 90 degrees or zero. However, 
the majority of parallel circuits used in radio 
work can be solved by the rather simple ap-
proximate methods described in § 2-10. 
Power factor — The power dissipated in 

an a.c. circuit containing both resistance and 
reactance is consumed entirely in the resist-
ance, hence is equal to /22. However, the 
reactance is also effective in determining the 
current or voltage in the circuit, even though 
it consumes no energy. Hence the product of 
volts times amperes (which gives the power 
consumed in (I.e. circuits) for the whole circuit 
may be several times the actual power used up. 
The ratio of power dissipated (watts) to the 
volt-ampere product is called the power factor 
of the circuit, or 

Watts  
Power factor — 

Volt-amperes 

Distributed capacity and inductance — 
It should not be thought that the reactance 
of coils becomes infinitely high as the fre-
quency is increased to a high value and, like-
wise, that the reactance of condensers becomes 
infinitely low at high frequencies. All coils have 
some capacity between turns, and the react-
ance of this capacity can become low enough 
at some high frequencies to tend to cancel the 
high reactance of the coil. Likewise, the leads 
and plates of condensers will have considerable 
inductance at very high frequencies, which will 

tend to offset the capacitive reactance of the 
condenser itself. For these reasons, coils con-
structed for high-frequency use must be de-
signed to have low " distributed" capacity. 
Similarly, condensers must be made with 
short, heavy leads so that they will have low 
self-inductance. 

Units and instruments— The units used 
in a.c. circuits may be divided or multiplied to 
give convenient numerical values to different 
orders of magnitude, just as in d.c. circuits 
(§ 2-6). Because the rapidly reversing current 
is accompanied by similar reversals in the mag-
netic field, instruments used for measurement 
of d.c. (§ 2-6) will not operate on a.c. 

At low frequencies suitable instruments can 
be constructed by making the current produce 
both magnetic fields, one by means of a fixed 
coil and the other by the moving coil. Instru-
ments having movements of this kind are 
variously known as dynamometer, electrodylea-
mometer and electrodynamic types. 

Another type of instrument suitable for 
-measuring alternating current is less expensive 
in construction and therefore more widely used. 
This is the repulsion-type moving-iron a.c. 
ammeter shown in Fig. 232. Fundamentally, 
the movement is based on the same principle 
as the inexpensive moving-iron-vane meter for 
d.c. shown in Fig. 225. In the repulsion-type 
instrument current flowing through the sta-
tionary coil magnetizes two iron vanes, one 

Calibrated 
scale 

- Shaft 

fixed 

rfor7abla 
Vane 

Fig. 232 — Ammeter 
based on a repulsion. 
type moving-iron 
movement used for 
a.C. measurements. 

fixed and the other attached to the movable 
pointer shaft. Inasmuch as the two vanes are 
in the same plane and magnetized by the same 
source, the magnetic effect upon them by the 
current through the coil will be identical re-
gardless of its polarity. When the two vanes are 
magnetized they repel each other (§ 2-2) and 
the movable vane moves away from the fixed 
vane, causing the pointer to travel along the 
scale. The degree of travel is controlled by a 
spring which brings the pointer to rest at a 
point where the electrical and mechanical 
forces balance, and returns the pointer to zero 
on the scale when current flow ceases. 
Such instruments are used for measurement 

of either current or voltage. However, when 
employed for voltage measurement by the use 
of high-resistance series multipliers, the mini-
mum current drain required by such instru-
ments because of their inherent insensitivity 
is so great that excessive load is placed upon 
the measurement source. For this reason, in 
radio work it is more common practice to con-
vert the a.c. voltage to d.c. by means of a 
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copper-oxide or vacuum-tube rectifier and then 
measure the resulting indication on a d.c. in-
strument, as described in § 2-6. 
At radio frequencies instruments of the type 

described above are inaccurate because of dis-
tributed capacity and other effects, and the 
only reliable type of direct-reading instrument 
is the thermocouple ammeter or milliammeter. 
This is a power-operated device consisting of a 
resistance wire heated by the flow of r.f. cur-
rent through it, to which is attached a thermo-
couple or pair of wires of dissimilar metals 
joined together and possessing the property of 
developing a small d.c. voltage between the 
terminals when heated. This voltage, which 
is proportional to the heat applied to the 
couple, is used to operate a d.c. instrument 
of ordinary design. 

2-9 The Transformer 

Principles — It has been shown in the pre-
ceding sections that, when an alternating volt-
age is applied to an inductance, the flow of 
alternating current through the coil causes an 
induced e.m.f, which is opposed to the applied 
e.m.f. The induced e.m.f. results from the vary-
ing magnetic field accompanying the flow of al-
ternating current. If a second coil is brought 
into the same field, a similar e.m.f, likewise 
will be induced in this coil. This induced e.m.f. 
may be used to force a current through a wire, 
resistance or other electrical device connected 
to the terminals of the second coil. 
Two coils operating in this way are said to be 

coupled, and the pair of coils constitutes a 
transformer. The coil connected to the source of 
energy is called the primary coil, and the other 
is called the secondary coil. Energy may be 
taken from the secondary, being transferred 
from the primary through the medium of the 
varying magnetic field. 
Types of transformers — The usefulness 

of the transformer lies in the fact that energy 
can be transferred from one circuit to another 
without direct connection, and in the process 
can be readily changed from one voltage level 
to another. Thus, if a device to be operated re-
quires, for exa.mple, 120 volts and only a 440-
volt source is available, a transformer can be 
used to change the source voltage to that re-
quired. The transformer, of course, can be used 
only on a.c., since no voltage will be induced 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 
opening the primary circuit, since it is only at 
these times that the field is changing. 
As shown in Fig. 233, the primary and 

secondary coils of a transformer may be 
wound on a core of magnetic material. This in-
creases the inductance 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 having a continuous 
magnetic path) such as that shown in Fig. 233 

37 
also tends to insure that practically all of the 
field set up by the current in the primary coil 
will cut the turns of the secondary coil. How-
ever, the core introduces a power loss because 
of hysteresis, an effect which occurs because the 
iron tends to retain its magnetism, and hence 
requires the expenditure of energy to overcome 
this residual magnetism every time the alter-
nating current reverses in direction, and be-
cause of eddy currents, or currents induced in 
the core by the varying magnetic field. 

Secondary 

IC 
SYMBOLS 

Fig. 233 — 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. 

Core losses increase with frequency to such 
an extent that they become excessive at radio 
frequencies if a transformer is wound on the 
type of core used for power and audio frequen-
cies. Transformers for use at radio frequencies 
either are wound on non-magnetic material 
("air core") or on special cores made of pow-
dered iron particles held in an insulating 
binder. In the latter case the core is not used as 
a means of carrying the magnetic field from the 
primary to the secondary, but simply to give a 
larger inductance with a fixed number of turns. 
In radio-frequency transformers relatively 
little of the magnetic flux set up by the 
primary cuts the turns of the secondary. The 
discussion in this section is confined to low-
frequency iron-core transformers, where prac-
tically all of the primary flux cuts the sec-
ondary. Radio-frequency transformers are 
considered in § 2-10. 

Voltage and turns ratio— For a given vary-
ing magnetic field, the voltage induced in a 
coil in the field will be proportional to the 
number of turns on the coil. If the two coils 
of a transformer are in the same field, it fol-
lows that the induced voltages will be pro-
portional to the number of turns on each coil. 
In the case of the primary, or coil connected to 
the source of power, the induced voltage is 
practically equal to, and opposes, the applied 
voltage. Hence, for all practical purposes, 

Es =!! E9 
op 

where Es is the secondary voltage, E5 is the 
primary voltage, and n, and n5 are the number 
of turns on the secondary and primary, respec-
tively. The ratio 71,/n, is called the turns ratio 
of the transformer. 
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This relationship is true only when all the 
flux set up by the primary current cuts all the 
turns of the secondary. If some of the mag-
netic flux follows a path which does not make it 
cut the secondary turns then the secondary 
voltage is less than given by this formula, since 
this reduces the number of lines of force (and 
thus reduces the effective strength of the mag-
netic field affecting the secondary) by causing 
the rate of change of flux to be less in the sec-
ondary than in the primary. In general, the 
equation can be used only when both coils are 
wound on a closed core of high permeability, so 
that practically all of the flux can be confined 
to definite paths. 

Effect of secondary current— The primary 
current which has been discussed above is usu-
ally called the magnetizing current of the trans-
former. Like the current in any inductance, it 
lags the applied voltage by 90 degrees, neg-
lecting the small energy losses in the resistance 
of the primary coil and in the iron core. 
When current is drawn from the secondary 

winding, the secondary current sets up a mag-
netic field of its own in the core. The phase re-
lationship between this field and that caused 
by the magnetizing current will depend upon 
the phase relationship between current and 
voltage in the secondary circuit. In every case 
there will be an effect upon the original field. 
To maintain the induced primary voltage equal 
to the applied voltage, however, the original 
field must be maintained. Consequently, the 
primary current must change in such a way 
that the effect of the field set up by the sec-
ondary current is completely canceled. This is 
accomplished when the primary draws addi-
tional current that sets up a field exactly 
equal to the field set up by the secondary cur-
rent, but which opposes the secondary field. 
The additional primary current is thus 180 de-
grees out of phase with the secondary current. 

In rough calculations on transformers it is 
convenient to neglect the magnetizing current 
and to assume that the primary current is 
caused entirely by the secondary load. This is 
justifiable, because in any well-designed trans-
former the magnetizing current is quite small 
in comparison to the load current when the 
latter is near the rated value. 

For., the fields set up by the primary and 
secondary load currents to be equal, the num-
ber of ampere turns in the primary must equal 
the number of ampere turns in the secondary. 
That is, 

n I, = nplp 
Hence, 

„ = la 
nn 

The load current in the primary for a given 
load current in the secondary is proportional 
to the turns ratio, secondary to primary. This 
is the opposite of the voltage relationships. 

If the magnetizing current is neglected, the 
phase relationship between current and voltage 

in the primary circuit will be identical with that 
existing between the secondary current and 
voltage. This is because the applied voltage and 
induced voltage are 180 degrees out of phase, 
and the primary current and secondary current 
likewise are 180 degrees out of phase. 
Energy relationships; efficiency— A trans-

former cannot create energy; it can only trans-
fer and transform it. Hence, the power taken 
from the secondary cannot exceed that taken 
by the primary from the source of applied 
e.m.f. Since there is always soine power loss in 
the resistance of the coils and in the iron core, 
the power taken from the source always will 
exceed that taken from the secondary. Thus, 

n 

where P. is the power taken from the sec-
ondary, Pi is the power input to the primary, 
and n is a factor which always is less than I. 
It is called the efficiency of the transformer and 
is usually expressed as a percentage. The effi-
ciency of small power transformers such as are 
used in radio receivers and transmitters may 
vary between about 60 per cent and 90 per 
cent, depending upon the size and design. 
Leakage reactance— In a practical trans-

former not all of the magnetic flux is common 
to both windings, although in well-designed 
transformers the amount of flux which cuts one 
coil and not the other is only a small percentage 
of the total flux. This leakage flux acts in the 
same way as flux about any coil which is not 
coupled to another coil; that is, it gives rise to 
self-induction. Consequently, there is a small 
amount of leakage inductance associated with 
both windings of the transformer, but not 
common to them. Leakage inductance acts in 
exactly the same way as an equivalent amount 
of ordinary inductance inserted in series with 
the circuit. It has, therefore, a certain react-
ance, depending upon the amount of induct-
ance and the frequency. This reactance is called 
leakage reactance. 

In the primary the practical effect of leak-
age reactance is equivalent to a reduction in 
applied voltage, since the primary current 
flowing through the leakage reactance causes . 
a voltage drop. This voltage drop increases 
with increasing primary current, hence it in-
creases as more current is drawn from the sec-
ondary. The induced voltage consequently de-
creases, since the applied voltage (which the 
induced voltage must equal in the primary) 
has been effectively reduced. The secondary 
induced voltage also decreases proportionately. 
When current flows in the secondary circuit 
the secondary leakage reactance causes an 
additional voltage drop, which results in a 
further reduction in the voltage available from 
the secondary terminals. Thus, the greater the 
secondary current, the smaller the secondary 
terminal voltage becomes. The resistance of 
the primary and secondary windings of the 
transformer also causes voltage drops when 
current is flowing, and, although these voltage 
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drops are not in phase with those caused by 
leakage reactance, together they result in a 
lower secondary voltage under load than is in-
dicated by the turns ratio of the transformer. 

Fig. • 234 — The equivalent circuit of a transformer i n-
dudes the effects of leakage junk.: t ance and resistance of 
both primary and secondary %, indings. The resistance 
Re is an equivalent resistance representing the constant 
core losses. Since these are comparatively small, their ef-
fect may be neglected in many approxim ate calculations. 

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 under load. The drop in voltage 
may be considerably more than this in a trans-
former operating at audio frequencies, however, 
since the leakage reactance in a transformer 
increases directly with the frequency. 
Impedance ratio — In an ideal transformer 

having no losses or leakage reactance, the 
primary and secondary volt-amperes are equal; 
that is, 

E, I, = 

On this assumption, and by making use of the 
relationships between voltage, current and 
turns ratio previously given, it can be shown 
that 

_ E. in„\2 

I; — T. 7. 

Since Z = EV!, E./1. is the impedance of the 
load on the secondary circuit, and E„/l, is the 
impedance of the loaded transformer as viewed 
from the line. The equation states that the 
impedance presented by the primary of the 
transformer to the line, or source of power, 
is equal to the secondary load impedance multi-
plied by the square of the primary-to-second-
ary turns ratio. This primary impedance is 
called the reflected impedance or reflected load. 
The reflected impedance will have the same 
phase angle as the secondary load impedance, 
as previously explained. If the secondary load 
is resistive only, then the input terminals of the 
transformer primary will appear to the source 
of e.m.f. as a pure resistance. 

In practice there is always some leakage re-
actance and power loss in the transformer, so 
that the relationship above does not hold ex-
actly. However, it gives results which are ade-
quate for many practical cases. The impedance 
ratio of the transformer consequently is con-
sidered to be equal to the square of the turns 
ratio, both ratios being taken from the same 
winding to the other. 
Impedance matching — Many devices re-

quire a specific value of load resistance (or 
impedance) for optimum operation. The re-

sistance of the actual load which is to dissipate 
the power may differ widely from this value, 
hence the transformer, with its impedance-
transforming properties, is frequently called 
upon to change the actual load to the desired 
value. This is called impedance matching. From 
the preceding paragraph, 

n.  n, = Z„ 

where n./n, is the required secondary-to-
primary turns ratio, Z. is the impedance of the 
actual load, and Z„ is the impedance required 
for optimum operation of the device delivering 
the power. 
Transformer construction— Transformers 

are generally built so that flux leakage is mini-
mized insofar as possible. The magnetic path 
is laid out so that it is as short as possible, since 
this reduces its reluctance and hence the num-
ber of ampere-turns required for a given flux 
density, and also tends to minimize flux leak-
age. Two core shapes are in common use, as 
shown in Fig. 235. In the shell type both wind-
ings 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 sometimes done when it is necessary to mini-
mize capacity effects between the primary and 
secondary, or when there is a large difference of 
potential between primary and secondary. 
Core meerial for small transformers is 

usually silicon steel, called " transformer iron." 
The core is built up of thin sheets, called 
laminations, insulated from each other (by a 
thin coating of shellac, for example) to prevent 
the flow of eddy currents which are induced in 
the iron at right angles to the direction of the 
field. If allowed to flow, these eddy currents 
would cause considerable loss of energy in 
overcoming the resistance of the core material. 
The separate laminations are overlapped, to 
make the magnetic path as continuous as 
possible and thus reduce leakage. 
The number of turns required on the pri-

mary for a given applied e.m.f. is determined 
by the maximum permissible flux density in the 

- LAMINATION SHAPE 
SHELL TYPE 

CORE TYPE 

Fig. 235 — Two common types of transformer construc-
tion. Core pieces are interleaved to provide a continu-
ous magnetic path with as low reluctance as possible. 
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type of core material used, the frequency, and 
the magnetomotive force required to force the 
flux through the iron. As a rough indication, 
windings of small power transformers fre-
quently have about two turns per volt for a 
core of 1 square inch cross-section and a mag-
netic path 10 or 12 inches in length. A longer 
path or smaller cross section would require 
more turns per volt, and vice versa. 

In most transformers the coils are wound in 
layers, with a thin sheet of paper insulation be-
tween each layer. Thicker insulation is used 
between separate coils and between the coils 
and the core. 

In power transformers distributed capacity 
in the windings is of little consequence, but in 
audio-frequency transformers it may cause un-
desired resonance effects (see § 2-10 for a dis-
cussion of resonance). High-grade audio trans-
formers often have special types of windings 
designed to minimize distributed capacity. 
The autotransforrner — The transformer 

principle can be utilized with only one winding 
instead of two, as shown in Fig. 236; the princi-
ples just discussed apply equally well. The 
autotransformer has the advantage that, since 

Fig. 236 — The auto-trans-
former is based on the trans-
former principle. but uses 
only one winding. The line 
ami load currents in the 
common winding (A) llow in 
opposite directions, 80 that 
the resultant current is the 
difference between them.The 
voltage across A is propor-
tional to the turns ratio. 

the line and load currents are out of phase, 
the section of the winding common to both 
circuits carries less current than the remainder 
of the coil. This advantage is not very marked 
unless the primary and secondary voltages do 
not differ very greatly, while it is frequently 
disadvantageous to have a direct connection 
between primary and secondary circuits. For 
these reasons, application of the autotrans-
former is usually limited to boosting or reduc-
ing the line voltage by a relatively small 
amount for purposes of voltage correction. 

(r. 2-10 Resonant Circuits 

Principle of resonance— It has been shown 
(§ 2-8) that the inductive reactance of a coil 
and the capacitive reactance of a condenser 
are oppositely affected by frequency. In any 
series combination of inductance and capaci-
tance, therefore, there is one particular fre-
quency for which the inductive and capacitive 
reactances are equal. Since these two react-
ances cancel eachl other, the net reactance in 
the circuit becomes zero, leaving only the re-
sistance to impede the flow of current. The 
frequency at which this occurs is known as the 
resonant frequency of the circuit and the circuit 
is said to be in resonance at that frequency, or 
tuned to that frequency. 

Series circuits — The frequency at which a 
series circuit is resonant is that for which 
XL = X c. Substituting the formulas for in-
ductive and capacitive reactance (§ 2-8) gives 

1 
27rfL 27rfC 

Solving this equation for frequency gives 

1 

2/r-VW 

This equation is in the fundamental units — 
cycles per second, henrys and farads — and so, 
if fractional or multiple units are used, the ap-
propriate factors must be inserted to change 
them to the fundamental units. A formula in 
units commonly used in radio circuits is 

f   X - 

where f is the frequency in kilocycles per sec-
ond, 2/r is 6.28, L is the inductance in micro-
henrys (ph.), and C is the capacitance in micro-
microfarads (pad.). 
The resistance that may be present does not 

enter into the formula for resonant frequency. 
When a constant a.c. voltage of variable fre-

quency is applied, as shown in Fig. 237-A, 
the current flowing through such a circuit will 
be maximum at the resonant frequency. The 
magnitude of the current at resonance will be 
determined by the resistance in the circuit. The 
curves of Fig. 237 illustrate this, curve a being 
for low resistance and curves b and c being 
for increasingly greater resistances. 

In the circuits used at radio frequencies the 
reactance of either the coil or condenser at 
resonance is usually several times as large as 
the resistance of the circuit, although the net 
reactance is zero. As the applied frequency de-
parts from resonance, say on the low-frequency 
side, the reactance of the condenser increases 
and that of the inductance decreases, so that 
the net reactance (which is the difference be-
tween the two) increases rather rapidly. When 
it becomes several times as high as the resist-
ance, it becomes the chief factor in determining 
the amount of current flowing. Hence, for cir-
cuits having the same values of inductance and 
capacity but varying amounts of resistance, 
the resonance curves tend to coincide at fre-

f—  Constant 
Voltage, 
Variable 
Frequency' 

A- SERIES RESONANCE 

Constant 
Voltage-, 
varidae 
Frequency , 

B-PARALLEL RESONANCE 

FREQUENCY 

Fig. 237 — Characteristics of series-resonant and par-
allel-resonant circuits with variations in resistance, R. 
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quencies somewhat removed from resonance. 
The three curves in the figure show this tend-
ency. 

Parallel circuits— The parallel-resonant 
circuit is illustrated in Fig. 237-B. This cir-
cuit also contains inductance, capacitance and 
resistance in series, but the voltage is applied in 
parallel with the combination instead of in 
series with it as in A. As explained in connec-
tion with parallel inductance and capacity 
(§ 2-8), the total current through such a com-
bination is less than the current flowing in the 
branch having the smaller reactance. If the 
currents through the inductive and capacitive 
branches are equal in amplitude and exactly 
180 degrees out of phase, the total current, 
called the line current, will be zero no matter 
how large the individual branch currents may 
be. The impedance (Z = E/I) of such a cir-
cuit, viewed from its parallel terminals, would 
be infinite. In practice the two currents will not 
be exactly 180 degrees out of phase, because 
there is always some resistance in one or both 
branches. This resistance makes the phase re-
lationship between current and voltage less 
than 90 degrees in the branch containing it, 
hence the phase difference between the cur-
rents in the two branches is less than 180 de-
grees and the two currents will not cancel com-
pletely. However, the line current may be very 
small if the resistance is small compared to the 
reactance, and thus the parallel impedance at 
resonance may be very high. 
As the applied frequency is increased or de-

creased from the resonant frequency, the re-
actance of one branch decreases and that of 
the other branch increases. The branch with 
the smaller reactance takes a larger current, if 
the applied voltage is constant, and that with 
the larger reactance takes a smaller current. 
As a result, the difference between the two 
currents becomes larger as the frequency is 
moved farther from resonance. Since the line 
current is the difference between the two cur-
rents, the current increases when the frequency 
moves away from resonance; in other words, 
the parallel impedance of the circuit decreases. 
The variation of parallel impedance of a 

parallel-resonant circuit with frequency is il-
lustrated by the same curves of Fig. 237 that 
show the variation in current with frequency 
for the series-resonant circuit. The parallel 
impedance at resonance increases as the series 
resistance is made smaller. 

In the case of parallel circuits, resonance 
may be defined in three ways: the condition 
which gives maximum impedance, that which 
gives a power factor of 1 (impedance purely 
resistive), or (as in series circuits) when the in-
ductive and capacitive reactances are equal. If 
the resistance is low, the resonant frequencies 
obtained on the three bases are practically 
identical. This condition usually is satisfied in 
radio work, so that the resonant frequency of a 
parallel circuit is generally computed by the 
series-resonance formula given above. 

41 
Resistance at high frequencies— When 

current flows in a conductor a magnetic field is 
set up inside the conductor as well as exter-
nally. When the current is alternating, the in-
ternal magnetic field induces a voltage inside 
the conductor which opposes the applied volt-
age and becomes larger as the center of the con-
ductor is approached. As a result, the current is 
forced to distribute itself so that the greater 
proportion flows near the surface and less near 
the center. This is known as skin effect. 

Skin effect is negligible at low frequencies, 
but increases with increasing frequency to such 
an extent that at radio frequencies the major 
portion of the current flows near the surface. In 
the u.h.f. range, all the current may be concen-
trated within one or two thousandths of an 
inch of the surface, so that for all practical pur-
poses the current flows entirely on the surface. 

Since little current flows in the interior of a 
conductor at radio frequencies, the effect is the 
same as though the current were flowing in a 
thin conducting tube. This is the same as re-
ducing the cross-sectional area of the con-
ductor, which increases its resistance. Conse-
quently skin effect increases the resistance of a 
solid ponductor as compared to its value for 
d.c. and low-frequency a.c. 
Low resistance at radio frequencies can be 

achieved by using conductors with large sur-
face area. Since the inner part of the conductor 
does not carry current, thin-walled tubing may 
be used for coils equally as well as solid wire of 
the same diameter. 

In the case of inductance coils, the magnetic 
field close to the wire causes the current to tend 
to concentrate in the part of the conductor 
where the field is weakest, again causing an ef-
fective decrease in the conductor size and rais-
ing the resistance. These effects, plus the ef-
fects of stray currents flowing through the dis-
tributed capacity (§ 2-8) between turns, raise 
the effective resistance of a coil at radio fre-
quencies to many times the d.c. resistance of 
the wire. 
Sharpness of resonance — As the internal 

series resistance is increased the resonance 
curves become "flatter" for frequencies near 
the resonance frequency, as shown in Fig. 237. 
The relative sharpness of the resonance curve 
near resonance frequency is a measure of the 
sharpness of tuning or selectivity (ability to dis-
criminate between voltages of different fre-
quencies) in such circuits. This is an important 
consideration in tuned circuits for radio work. 
Flywheel effect; Q— A resonant circuit 

may be compared to a flywheel in its behavior. 
Just as such a wheel will continue to revolve 
after his no longer driven, so also will oscilla-
tions of electrical energy continue in a resonant 
circuit after the source of power is removed. 
The flywheel continues to revolve because of 
its stored mechanical energy; current flow 
continues in a resonant circuit by virtue of the 
energy stored in the magnetic field of the coil 
and the electric field of the condenser. When 
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the applied power is shut off the energy surges 
back and forth between the coil and condenser, 
being first stored in the field of one, then re-
leased in the form of current flow, and then re-
stored in the field of the other. Since there is 
always resistance present some of the energy 
is lost as heat in the resistance during each of 
these oscillations of energy, and eventually all 
the energy is so dissipated. The length of time 
the oscillations will continue is proportional to 
the ratio of the energy stored to that dissi-
pated in each cycle of the oscillation. This ratio 
is called the Q (quality factor) of the circuit. 

Since energy is stored by either the induct-
ance or capacity and may be dissipated in 
either the inductive or capacitive branch of the 
circuit, a Q can be established for either the in-
ductance or capacity alone as well as for the 
entire circuit. It can be shown that the energy 
stored is proportional to the reactance and 
that the energy dissipated is proportional to 
the resistance, so that, for either inductance or 
capacity associated with resistance, 

Q -R 

This relationship is useful in a variety of cir-
cuit problems. 

In resonant circuits at frequencies below 
about 28 Mc. the internal resistance is almost 
wholly in the coil; the condenser resistance 
may be neglected. Consequently, the Q of the 
circuit as a whole is determined by the Q of the 
coil. Coils for use at frequencies below the very-
high-frequency region may have Qs ranging 
from 100 to several hundred, depending upon 
their size and construction. 
The sharpness of resonance of a tuned cir-

cuit is directly proportional to the Q of the 
circuit. As an indication of the effect of Q, the 
current in a series circuit drops to a little less 
than half its resonance value when the applied 
frequency is changed by an amount equal to 
1/Q times the resonant frequency. The paral-
lel impedance of a parallel circuit similarly de-
creases with change in frequency. For example, 
in a circuit having a Q of 100, changing the ap-
plied frequency by 1/100th of the resonant 
frequency will decrease the parallel impedance 
to less than half its value at resonance. 
Damping, decrenwnt— The rate at which 

current dies down in amplitude in a resonant 
circuit after the source of power has been re-
moved is called the decrement or damping of 
the circuit. A circuit with high decrement 
(low Q) is said to be highly damped; one with 
low decrement (high Q) is lightly damped. 

Voltage rise— When a voltage of the reso-
nant frequency is inserted in series in a reso-
nant circuit, the voltage which appears across 
either the coil or condenser is considerably 
higher than the applied voltage. This is be-
cause the current in the circuit is limited only 
by the actual resistance of the coil-condenser 
combination in the circuit, and hence may have 
a relatively high value; however, the same 

current flows through the high reactances of 
the coil and condenser, and consequently 
causes large voltage drops (§ 2-8). As explained 
above, the reactances are of opposite types and 
hence the voltages are opposite in phase, so 
that the net voltage around the circuit is only 
that which is applied. The ratio of the reactive 
voltage to the applied voltage is proportional 
to the ratio of reactance to resistance, which is 
the Q of the circuit. Hence, the voltage across 
either the coil or condenser, is equal to Q times 
the voltage inserted in series with the circuit. 

If, for 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 the 5 ohms of pure re-
sistance to limit the current flow. Thus the cur-
rent will be 50/5, or 10 amperes. The voltage 
developed across either the coil or the con-
denser will be equal to its reactance times the 
current, or 200 X 10 = 2000 volts. 
The ratio of reactive voltage to applied 

voltage is equal to the ratio of the reactance of 
the coil or the condenser to the resistance. 
Since the latter ratio equals the Q of the cir-
cuit, the reactive voltage equals the applied 
voltage times the Q (200/5 or 40 X 50 = 2000 
volts). 

Parallel-resonant circuit impedance — 
The parallel-resonant circuit offers pure re-
sistance (its resonant impedance) between its 
terminals because the line current is practically 
in phase with the applied voltage. At frequen-
cies off resonance the current increases through 
the branch having the lower reactance (and 
vice versa) so that the circuit becomes reac-
tive, and the resistive component of the im-
pedance decreases as shown in Fig. 238. 

If the circuit Q is 10 or more, the parallel 
impedance at resonance is given by the formula 

Z, = r/R = XQ 

where X is the reactance of either the coil or 
the condenser and R is the internal resistance. 
Q of loaded circuits— In many applica-

tions, particularly in receiving, the only power 
dissipated is that lost in the resistance of the 
resonant circuit itself. Hence the coil should be 
designed to have as high Q as possible. Since, 
within limits, increasing the number of turns 
raises the reactance faster than it raises the 
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Fig. 238 — The impedance of a parallel-resonant resist-
ance circuit is shown here separated into its reactance 
and resistance components. The parallel resistance of the 
circuit is equal to the parallel impedance at resonance. 
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resistance, coils for such purposes are made 
with relatively large inductance for the fre-
quency under consideration. 
On the other hand, when the circuit delivers 

energy to a load, as in the case of the resonant 
circuits used in transmitters, the energy con-
sumed in the circuit itself is usually negligible 
compared with that consumed by the load. The 
equivalent of such a circuit can be represented 
as shown in Fig. 239-A, where the parallel 
resistor represents the load to which power is 
delivered. If the power dissipated in the load 
is greater by 10 times or more than the power 
lost in the coil and condenser, the parallel im-
pedrince of the resonant circuit alone will be so 
high compared to the resistance of the load 
that the latter may be considered to determine 
the impedance of the combined circuit. (The 
parallel impedance of the tuned circuit alone 
is resistive at resonance, so that the impedance 
of the combined circuit may be calculated from 

((A) (B) 

Fig. 239 — The equivalent circuit of a resonant cir-
cuit 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. 

the formula for resistances in parallel. If one 
of two resistances in parallel has 10 times the 
resistance of the other, the resultant resist-
ance is practically equal to the smaller resist-
ance.) The error will be small, therefore, if the 
losses in the tuned circuit alone are neglected. 
Then, since Z = XQ, the Q of a circuit loaded 
with a resistive impedance is 

Q = 

where 2 is the load resistance connected across 
the circuit and X is the reactance of either the 
coil or condenser. Hence, for a given parallel 
impedance, the effective Q of the circuit in-
cluding the load is inversely proportional to 
the reactance of either the coil or the con-
denser. A circuit loaded with a relatively low 
resistance (a few thousand ohms) must there-
fore have a large capacity and relatively small 
inductance to have reasonably high Q. 
From the above it is evident that connecting 

a resistance in parallel with a resonant circuit 
decreases the impedance of the circuit. How-
ever, the reactances in the circuit are un-
changed, hence the reduction in impedance is 
equivalent to a reduction in the Q of the cir-
cuit. The same reduction in impedance also 
could be brought about by increasing the series 
resistance of the circuit. The equivalent series 
resistance introduced in a resonant circuit by 
an actual resistalce connected in parallel is 
that value of resistance which, if added in 
series with the coil and condenser, would de-
crease the circuit Q to the same value it has 
when the parallel resistance is connected. 

When the resistance of the resonant circuit 
alone can be neglected, the equivalent re-
sistance is 

X2 
R = — 

Z 

the symbols having the same meaning as in the 
formula above. 
The effect of a load of given resistance on 

the Q of the circuit can be changed by con-
necting the load across only part of the circuit. 
The most common method of accomplishing 
this is by tapping the load across part of the 
coil, as shown in Fig. 239-B. The smaller the 
portion of the coil across which the load is 
tapped, the less the loading on the circuit; in 
other words, tapping the load "down" is 
equivalent to connecting a higher value of load 
resistance across the whole circuit. This is 
similar in principle to impedance transforma-
tion with an iron-core transformer (§ 2-9). 
However, in the high-frequency resonant cir-
cuit the impedance ratio does not vary exactly 
as the square of the turn ratio, because all the 
magnetic flux lines do not cut every turn of 
the coil. A desired reflected impedance usually 
must be obtained by experimental adjustment. 
LIC ratio— The formula for resonant fre-

quency of a circuit shows that the same fre-
quency always will be obtained so long as the 
product of L and C is constant. Within this 
limitation, it is evident that L can be large and 
C small, L small and C large, etc. The relation 
between the two for a fixed frequency is called 
the L/C ratio. A high-C circuit is one which 
has more capacity than " normal" for the fre-
quency; a low-C circuit one which has less than 
normal capacity. These terms depend to a 
considerable extent upon the particular appli-
cation considered, and have no exact numeri-
cal meaning. 
LC constants — As pointed out in the pre-

ceding paragraph, the product of inductance 
and capacity is constant for any given fre-
quency. It is frequently convenient to use the 
numerical value of the LC constant when a 
number of calculations have to be made in-
volving different L/C ratios for the same fre-
quency. The constant for any frequency is 
given by the following equation: 

LC — 25330 

where L is in microhenrys, C in micromicro-
farads, and f is in megacycles. 

2-11 Coupled Circuits 
Energy transfer; loading— Two circuits 

are said to be coupled when energy can be 
transferred from one to the other. The circuit 
delivering energy is called the primary circuit; 
that receiving energy is called the secondary 
circuit. The energy may be practically all 
dissipated in the secondary circuit itself, as in 
receiver circuits, or the secondary may simply 
act as a medium through which the energy is 
transferred to a load resistance where it does 
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work. In the latter case, the coupled circuits 
may act as a radio-frequency impedance-
matching device (§ 2-9) where the matching 
can be accomplished by adjusting the loading 
on the secondary (§ 2-10) and by varying the 
coupling between the primary and secondary. 

Fig. 240 — Basic methods of circuit coupling. 

Coupling by a common circuit element — 
One method of coupling between two resonant 
circuits is to have some type of circuit element 
common to both circuits. The three variations 
of this type of coupling (often called direct 
coupling) shown at A, B and C of Fig. 240, 
utilize a common inductance, capacity and 
resistance, respectively. Current circulating 
in one LC branch flows through the common 
element (Le, Cc, or lie) and the voltage devel-
oped across this element causes current to flow 
in the other LC branch. The degree of coupling 
between the two circuits becomes greater as the 
reactance (or resistance) of the common ele-
ment is increased in comparison to the remain-
ing reactances in the two branches. 

If both circuits are resonant to the same 
frequency, as is usually the case, the common 
impedance — reactance or resistance — re-
quired for maximum energy transfer is gener-
ally quite small compared to the other react-
ances in the circuits. 

Capacity coupling The circuit at D 
shows electrostatic coupling between two reso-
nant circuits. The coupling increases as the 
capacity of C, is made greater (reactance of Cc 
is decreased). When two resonant circuits are 
coupled by this means, the capacity required 

for maximum energy transfer is quite small if 
the Q of the secondary circuit is at all high. 
For example, if the parallel impedance of the 
secondary circuit is 100,000 ohms, the react-
ance of the coupling condenser need not be 
lower than 10,000 ohms or so for ample cou-
pling. The corresponding capacity required is 
only a few micromicrofarads at high frequencies. 
Inductive coupling — Fig. 240-E illustrates 

inductive coupling, or coupling by means of 
the magnetic field. A circuit of this type re-
sembles the iron-core transformer (§ 2-9) but, 
because only a small percentage of the 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. To 
determine the operation of such circuits, it is 
necessary to take account of the mutual induct-
ance (§ 2-5) between the coils. 
Link coupling — A variation of inductive 

coupling, called link coupling, is shown in Fig. 
241. This gives the effect of inductive coupling 
between two coils which may be so separated 
that they have no mutual inductance; the link 
may be considered simply as a means of pro-
viding the mutual inductance. Because mutual 
inductance between coil and link is involved at 
each end of the link, the total mutual induct, 
ance between two link-coupled circuits cannot 
be made as great as when normal inductive 
coupling is used. In practice, however, this 
ordinarily is not disadvantageous. Link cou-
pling frequently is convenient in the design of 
equipment where inductive coupling would be 
impracticable for constructional reasons. 
The link coils generally have few turns com-

pared to the resonant-circuit coils, since the 
coefficient of coupling is relatively independent 
of the number of turns on either coil. 

Coefficient of coupling — The degree of 
coupling between two coils is a function of 
their mutual inductance and self-inductances: 

k —   
1,11.2 

where k is called the coefficient of coupling. It is 
often expressed as a percentage. The coefficient 
of coupling cannot be greater than 1, and gen-
erally is much smaller in resonant circuits. 
Inductively coupled circuits — Three types 

of circuits with inductive coupling are in 
general use. As shown in Fig. 242, one type has 
a tuned-secondary circuit with an untuned-
primary coil, the second a tuned-primary cir-
cuit and untuned-secondary coil, and the third 
uses tuned circuits in both the primary and 

Fig. 241— Link coupling. The mutual inductances at 
both ends of the link are equivalent to mutual inductance 
between the tuned circuits, and serve the same purpose. 
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Fig. 242 — Types of inductiv •ly coupled circuits. In A 
and B, one circuit is tuned, the other untuned. C shows 
the method of coupling between two tuned circuits. 

secondary. 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 fre-
quencies. Circuit B is used principally in trans-
mitters, for coupling a radio-frequency ampli-
fier to a resistive load. Circuit C is used for 
fixed-frequency amplification in receivers. The 
same circuit also is used in transmitters for 
transferring power to a load which has both 
reactance and resistance. 

If the coupling between the primary and sec-
ondary is " tight" (coefficient of coupling 
large), the effect of inductive coupling in cir-
cuits A and B, Fig. 242, is much the same as 
though the circuit having the untuned coil 
were tapped on the tuned circuit (§ 2-10). Thus 
any resistance in the circuit to which the un-
tuned coil is connected is coupled into the 
tuned circuit in proportion to the mutual in-
ductance. This is equivalent to an increase in 
the series resistance of the tuned circuit, and its 
Q and selectivity are reduced (§ 2-10). The 
higher the coefficient of coupling, the lower the 
Q for a given value of resistance in the 'coupled 
circuit. These circuits may be used for imped-
ance matching by adjustment of the coupling 
and of the number of turns in the untuned coil. 

If the circuit to which the untuned coil is 
connected has reactance, a certain' amount of 
reactance will be " coupled in" to the tuned 
circuit depending upon the amount of re-
actance present and the degree of coupling. 
The chief effect of this coupled reactance is to 
require readjustment of the tuning when the 
coupling is increased, if the tuned circuit has 
first been adjusted to resonance under condi-
tions of very loose coupling. 
Coupled resonant ; ; The effect of circu its — 

a tuned-secondary circuit on a tuned primary 
is somewhat more complicated than in the 
simpler circuits just described. When the sec-
ondary is tuned to resonance with the applied 
frequency, its impedance is resistive only. If the 
primary also is tuned to resonance, the current 

flowing in the secondary circuit (caused by the 
induced voltage) will, in turn, induce a volt-
age in the primary which is opposite in phase 
to the voltage acting in series in the primary 
circuit. This opposing voltage reduces the 
effective primary voltage, and thus causes a re-
duction in primary current. Since the actual 
voltage applied in the primary circuit has not 
changed, the reduction in current can be looked 
upon as being caused by an increase in the re-
sistance of the primary circuit. That is, the 
effect of coupling a resonant secondary to the 
primary is to increase the primary resistance. 
The resistance under consideration is the series 
resistance of the primary circuit, not the paral-
lel impedance or resistance. The parallel re-
sistance decreases, since the increase in series 
resistance reduces the Q of the primary circuit. 

If the secondary circuit is not tuned to res-
onance, the voltage induced back in the pri-
mary by the secondary current will not be ex-
actly out of phase with the voltage acting in 
the primary; in effect, reactance is coupled 
into the primary circuit. If the applied fre-
quency is fixed and the secondary circuit tun-
ing is being varied, this means that the primary 
circuit will have to be retuned to resonance 
each time the secondary tuning is changed. 

If the two circuits are initially tuned to res-
onance at a given frequency and then the ap-
plied frequency is varied, both circuits become 
reactive at all frequencies off resonance. Under 
these conditions, the reactance coupled into the 
primary by the secondary retunes the primary 
circuit to a new resonant frequency. Thus, at 
some frequency off resonance, the primary cur-
rent will be maximum, while at the actual res-
onant frequency the current will be smaller 
because of the resistance coupled, in from the 
secondary at resonance. There is a point of 
maximum primary current both above and 
below the true resonant frequency. 
These effects are almost negligible with very 

"loose" coupling (coefficient of coupling very 
small), but increase rapidly as the coupling 
increases. Because of them, the selectivity of a 
pair of coupled resonant circuits can be varied 
over a considerable range simply by changing 
the coupling between them. Typical curves 
showing the variation of selectivity are shown 
in Fig. 243, lettered in order of increasing co-
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Fig. 243 — 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 same frequency. The input voltage is held 
constant in amplitude while the frequency is varied. 
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efficient of coupling. At loose coupling, A, the 
voltage across the secondary circuit (induced 
voltage multiplied by the Q of the secondary 
circuit) is less than the maximum possible 
because the induced voltage is small with loose 
coupling. As the coupling increases the sec-
ondary voltage also increases, until critical 
coupling, B, is reached. At still closer coupling 
the effect of the primary current " humps" 
causes the secondary voltage to show some-
what similar humps, while when the coupling 
is further increased the frequency separation of 
the humps becomes greater. Resonance curves 
such as those at C and D are called " fiat-
topped," because the output voltage is sub-
stantially constant over an appreciable fre-
quency range. 

Critical coupling — It will be observed that 
maximum secondary voltage is obtained in the 
curve at B in Fig. 243. With tighter coupling 
the resonance curve tends to be double-peaked, 
but in no case is such a peak higher than 
that shown for curve B. The coupling at which 
the secondary voltage is maximum is known as 
critical coupling. With this coupling the re-
sistance coupled into the primary circuit is 
equal to the resistance of the primary itself, 
corresponding to the condition of matched 
impedances. Hence, the energy transfer is max-
imum at critical coupling. The over-all selec-
tivity of the coupled circuits at critical coupling 
is intermediate between that obtainable with 
loose coupling and tight coupling. At very loose 
coupling, the selectivity of the system is very 
nearly equal to the product of the selectivities 
of the two circuits taken separately; that is, the 
effective Q of the circuit is equal to the product 
of the Qs of the primary and secondary. 

Effect of circuit Q — Critical coupling is a 
function of the Qs of the two circuits taken in-
dependently. A higher coefficient of coupling 
is required to reach critical coupling when the 
Qs are low; if the Qs are high, as in receiving 
applications, a coupling coefficient of a few 
per cent may give critical coupling. 
With loaded circuits it is not impossible for 

the Q to reach such low values that critical 
coupling cannot be obtained even with the 
highest practicable coefficient of coupling (coils 
as close physically as possible). In such case 
the only way to secure sufficient coupling is to 
increase the Q of one or both of the coupled 
circuits. This can be done either by decreasing 
the L/C ratio or by tapping the load down on 
the secondary coil (§ 2-10). One or the other of 
these methods often must be used with link 
coupling, because the maximum coefficient of 
coupling between two coils seldom runs higher 
than 50 or 60 per cent and the net coefficient 
is approximately equal to the products of the 
coefficients at each end of the link. If the load 
resistance is known beforehand, the circuits 
may be designed for a Q in the vicinity of 10 
or so with assurance that sufficient coupling 
will be available; if unknown, the proper Qs can 
be determined by experiment. 

Shielding — Frequently it is necessary to 
prevent coupling between two circuits which, 
for constructional reasons, must be physically 
near each other. Capacitive coupling may 
readily be prevented by enclosing one or both 
of the circuits in grounded low-resistance 
metallic containers, called shields. The electro-
static field from the circuit components does 
not penetrate the shield, because the lines of 
force are short-circuited (§ 2-3). A metallic 
plate called a baffle shield, inserted between 
two components, may suffice to prevent elec-
trostatic coupling between them, since very lit-
tle of the field tends to bend around such a 
shield if it is large enough to make the compo-
nents invisible to each other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this case the magnetic field induces a current 
(eddy current) in the shield, which in turn sets 
up its own magnetic field opposing the original 
field (§ 2-5). The induced current is propor-
tional to the frequency and also to the conduc-
tivity of the shield, hence the shielding effect 
increases with frequency and with the conduc-
tivity and thickness 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 shield-
ing, although it will give partial shielding if 
placed at right angles to the axes of, as well as 
between, the two coils to be shielded from 
each other. 

Cancellation of part of the field of the coil 
reduces its inductance, and, since some energy 
is dissipated in the shield, the effective resist-
ance of the coil is raised as well. Hence the Q of 
the coil is reduced. The effect of shielding on 
coil Q and inductance becomes less as the dis-
tance between the coil and shield is increased. 
The losses also decrease with an increase in the 
conductivity of the shield material. Copper and 
aluminum are satisfactory materials. The Q 
and inductance will not be greatly reduced if 
the spacing between the sides of the coil and 
the shield is at least half the coil diameter, and 
is not less than the coil diameter at the ends of 
the coil. 

At audio frequencies the shielding container 
should be made of magnetic material, prefera-
bly of high permeability (§ 2-5), to provide a 
low-reluctance path for the external flux about 
the coil to be shielded. A nonmagnetic shield is 
quite ineffectual at these low frequencies since 
the induced current is small. 

Filters — By suitable choice of circuit ele-
ments a coupling system may be designed to 
pass, without undue attenuation, all frequen-
cies below and reject all frequencies above a 
certain value, called the cut-off frequency. Such 
a coupling system is called a filter, and in the 
above case is known as a low-pass filter. 

If frequencies above the cut-off frequency are 
passed and those below attenuated, the filter is 
a high-pass filter. Simple filter circuits of both 
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Fig. 244 —  Basic forms of filter networks. Typical frequency response curves for each type are shown at the right. 

types are shown in Fig. 244, along with typical 
frequency-response curves. The fundamental 
circuit, from which more complex filters are 
constructed, is the L-section. Fig. 244 also 
shows 7r-section and 7'-section filters, both con-
structed from the basic L-section. 
A band-pass filter; also shown in Fig. 244, 

is a combination of high- and low-pass filter 
elements designed to pass without attenuation 
all frequencies between two selected cut-off 
frequencies, and to attenuate all frequencies 
outside these limits. The group of frequencies 
which is passed by the filter is called the pass-
band. Two resonant circuits with greater than 
critical coupling represent a common form of 
band-pass filter. 

In curves of Fig. 244, A shows the attenua-
tion at high frequencies of a single-section low-
pass filter with high-Q components; B illus-
trates the extremely sharp cut-off obtainable 
with a more elaborate three-section filter. 
Curve C is that of a high-pass section having 
high Q, comparable to A. D shows the attenua-
tion by a less-efficient section having some re-
sistance in the inductance branch. Curves E, 
F and G illustrate various band-pass charac-
teristics, E being a low-Q narrow-band filter, 
F a high-Q narrow-band, and G a wide-band 
high-Q two-section filter. 

Filter circuits are frequently encountered 
both in low-frequency and r.f. applications. 
The proportions of L and C for proper opera-
tion depend upon the load resistance connected 
across the output terminals, L being larger and 
C smaller as the load resistance is increased. 
The type of section does not affect the at-
tenuation curve, provided the input and out-
put resistances are correct. In a symmetrical 
filter the input and output impedances must 
be equal to the impedance for which the filter 
Is designed. Assuming these relationships, the 
Fig. 245 —  L-scction and ...sec-
tion resistance-capacity filter cir. 
cuits (left) and curves showing 
the attenuation in db. for three 
different RC products at various 
frequencies in the audio-fre-

quency range. 

V M ew 

14u2 I et• 
cT • 

L.-Section 

following design equations apply to the sections 
illustrated in Fig. 244. • 
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In these formulas, R is the terminal imped-
ance and fc the design cut-off frequency for 
low-pass and high-pass filters. For band-pass 
filters, fi and 12 are the pass-band limits and 
LIj the middle frequency. L2 Ca the parallel 
shunt elements. 
The resistance-capacity filter, shown in Fig. 

245, is used where both d.c. and a.c. are flowing 
through a circuit and greater attenuation is de-
sired for the a.c. than for d.c. It is usually em-
ployed where the direct current is small so 
that d.c. voltage drop is not excessive, or 
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when a voltage drop actually is required. 
The time constant, RC, (§ 2-6) must be large 
compared to the time of one cycle of the lowest 
frequency to be attenuated. In determining the 
time constant, the resistance of the load must 
be included as well as that in the filter itself. 

A 

(A) 

(c) 

(a) 

DC oa AC. 

(5) 

(o) 

Fig. 246 —  13ridgc circuits utilizing resistance, " millet-
ance and capacity arms, both alone and in combination. 

Bridge circuits— A bridge circuit is a device 
primarily used in making measurements of re-
sistance, reactance or impedance (§ 2-8), and 
frequency, although bridges also have other 
applications in radio circuits. 
The fundamental form is shown in Fig. 

246-A. It consists of four resistances ( called 
arms) connected in series-parallel to a source 
of voltage, E, with a sensitive galvanometer, 
M, connected between the junctions of the 
series-connected pairs. When the equation 

R1 R3 

R2 R4 

is satisfied there is no potential difference be-
tween points A and B, since the drop across R2 
equals that across R4 and the drop across R1 
equals that across R3. Under these conditions 
the bridge is said to be balanced, and no current 
flows through M. If R3 is an unknown resist-
ance and R4 is a variable known resistance, 
R3 can be found from the following equation 
after R4 has been adjusted to balance the 
bridge (null indication on M): 

RI 
R3 — R4 

R2 

RI and R2 are known as the ratio arras of the 
bridge; the ratio of their resistances is usually 
adjustable (frequently in steps of 1, 10, 100, 
etc.), so that a single variable resistor, R4, can 
serve as a standard for measuring widely dif-
ferent values of unknown resistance. 

Bridges similarly can be formed with arms 
containing capacity or inductance, and with 
combinations of either with resistance. Typical 
simple arrangements are shown in Fig. 246. 
For measurements involving alternating cur-
rent the bridge must not introduce phase shifts 
which will destroy the balan.ce, hence similar 
impedances should be used in each branch, as 
shown in Fig. 246, and the Qs of the coils and 
condensers should be the same. When bridges 
are used at audio frequencies, a telephone 
headset is a suitable null indicator. The bridges 
at E and F are commonly used in r.f. neutral-
izing circuits (§ 4-7); the voltage from the 
source, E., is balanced out at X. 

112-12-A Linear Circuits 

Standing waves — If an electrical impulse 
is started along a wire it will travel at approxi-
mately the speed of light until it reaches the 
end. If the end of the wire is open circuited, 
the impulse will be reflected at this point and 
will travel back again. When a high-frequency 
alternating voltage is applied to the wire a cur-
rent will flow toward the open end, and reflec-
tion will occur continuously. If the wire is long 
enough so that time comparable to a half cycle 
or more is required for current to travel to the 
open end, the phase relations between the re-
fleeted current and outgoing current will vary 
along the wire. At one point the two currents 
will be 180° out of phase and at another in 
phase, with intermediate values between. As-
suming negligible losses, the resultant current 
along the wire, as measured by a current-indi-
cating instrument such as a thermo-couple 
ammeter, will vary in amplitude from zero to a 
maximum value. Such a variation is called a 
standing wave. The voltage along the wire also 
goes through standing waves, reaching its 
maximum value where the current is minimum 
and vice versa. 
When the wire is cut to such a length that 

the current traverses it in one direction in 
exactly the time of one-half cycle, a single 
standing wave will occur along the wire and the 
wire is said to be resonant to the applied fre-
quency. Although the inductance and capacity 
are distributed along the wire rather than be-
ing concentrated in a coil and condenser, such a 
wire is in many ways equivalent to an ordinary 
resonant circuit. 
Frequency and wavelength — It is possible 

to describe the constants of such line circuits in 
terms of inductance and capacitance, but it 
is more convenient to give them simply in 
terms of fundamental resonant frequency or of 
length. Since the velocity at which the current 
travels is 300,000 kilometers ( 186,000 miles) 
per second, the wavelength, or distance the cur-
rent will travel in the time of one cycle, is 

300,000 

where X is the wavelength in meters and is 
the frequency in kilocycles. 



a c/rica!? and Pali° -7unicun 
2mi 1/armonk 

Fundamenécd or /se 
Naemonic 

in/ ifernereic 

4- Current Maxima (anti-nodes) 
tted.e — Current »des 

Fig. 247— Standing-wave current distribution on a 
wire operating a, an oscillatory circuit, at the fundamen-
tal, second harmonic and third harmonic frequencies. 

Harmonic resonance — Although a coil-
condenser combination having lumped con-
stants (capacitance and inductance) resonates 
only at one frequency, circuits such as an-
tennas which contain distributed constants 
resonate readily at frequencies which are very 
nearly integral multiples of the fundamental 
frequency. These frequencies are, therefore, in 
harmonic relationship to the fundamental fre-
quency, and hence are referred to as harmon-
ics (§ 2-7). In radio practice the fundamental 
itself is called the first harmonic, the frequency 
twice the fundamental is called the second har-
monic, and so on. 

Fig. 247 illustrates the distribution of cur-
rent on a wire for fundamental, second and 
third harmonic excitation. There is one point 
of maximum current with fundamental opera-
tion, two when operation is at the second har-
monic, and three at the third harmonic; the 
number of current maxima corresponds to the 
order of the harmonic and the number of stand-
ing waves on the wire. As noted in the figure, 
the points of maximum current are called 
anti-nodes (also known as " loops") and the 
points of zero current are called nodes. 

In the ease of the harmonic current curves, 
the half-wave curves are drawn alternately 
above and below the reference line to indicate 
that the phase of the current reverses in each 
half wavelength. In other words, if current in 
one half-wave section is flowing to the right, 
for example, the current in the adjacent half-
wave section will he flowirig to the left. How-
ever, when the current is measured with an r.f. 
ammeter there will simply be a maximum in-
dication at the center of each half-wave sec-
tion, since the ammeter cannot indicate phase. 
Radiation resistarreo — Since a line circuit 

has distributed•incluctance and capacity, cur-

Standing Wave 
-- .... j of Current 

Inverna{ 

....... 

Fig. 248 — Standing wave and instantaneous current 
(shown by the arrows) in a folded resonant-line circuit. 
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49 
rent flow causes storage of energy in mag-
netic and electrostatic fields (§ 2-3, 2-5). As 
the fields travel outward from the wire at the 
speed of light, some of the energy escapes from 
the circuit in the form of electromagnetic 
waves; that is, energy is radiated from the 
wire. Such a wire is, in fact, an antenna. 
Since the energy radiated by the line or an-
tenna represents a loss, insofar as the line is 
concerned, the loss of energy can be considered 
to take place in an equivalent resistance. The 
value of the equivalent resistance is found 
from the ordinary Ohm's Law formula. 
R = P/12, where P is the power radiated and I 
is the current in the wire. R, the equivalent re-
sistance, is called radiation resistance. 
Two-conductor lines — The effective re-

sistance of a resonant straight wire is fairly 
high, because a large proportion of the power 
supplied to such a wire is radiated. In many 
cases it is necessary to transfer power from one 
point to another with the least possible loss — 
for example, from a transmitter to a radiating 
antenna which may be located some distance 
away. If the line is folded so that there are two 
conductors instead of one, as shown in Fig. 
248, the currents in adjacent sections of the 
two wires are flowing in opposite directions, 
consequently the fields set up by the two 
oppose each other and there is very little 
radiation. 
The quarter-wave folded line in Fig. 243 has 

a total length of one-half wavelength, hence is 
resonant to the frequency corresponding to its 
length. Since the current is large and the volt-
age is low at the closed end, the impedance at 
this point is quite low. On the other hand, the 

Nigh 
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Fig. 249 — A quarter-wave coaxial-line resonant circuit. 

voltage is high and the current is very low at, 
the open end, so at this point the impedance is 
high. These properties of a quarter-wave two-
conductor line have applications to be de-
scribed later. 
A folded line also may be constructed in the 

form of two coaxial or concentric conductors, 
as shown in Fig. 249. In effect, this line is di-
rectly comparable with the parallel conductor 
line, except that one conductor may be said to 
have been rotated around the other in a com-
plete circle. The coaxial line has even lower 
radiation resistance than the folded-wire line, 
since the outer conductor acts as a shield. 
Standing waves exist but are confined to the 
outside of the inner conductor and the inside of 
the outer conductor, since skin effect prevents 
the currents from penetrating to the other 
sides. Thus such a line will have no radio-fre-
quency potentials on its exposed surfaces, and 
no radiation can occur. Because of the low 
radiation resistance and the relatively large 
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conducting surfaces, such self-enclosed reso-
nant lines can be made to have much higher Qs 
than are attainable with coils and condensers. 
They are most applicable at very high frequen-
cies (very short wavelengths) (* 2-7), where 
the dimensions are small. 
A modified form of construction for coaxial 

lines is the " trough" line in which a tubular 
inner conductor is enclosed within a rectangular 
sheet-metal box or trough, usually left open on 
one side to facilitate tapping or other adjust-
ments. The absence of shielding on one side 
does not affect the performance materially, and 
the simplicity of construction is an advantage. 
The term transmission line is generally ap-

plied to all lines whether they are actually used 
as a means for transferring radio-frequency 
power between two points or whether they are 
used as replacements for coil-and-condenser 
resonant circuits. The lines shown in Figs. 248 
and 249 are "short" lines of the type fre-
quently used for the latter purpose. For trans-
ferring power the line may be many wave-
lengths long, depending upon the distance over 
which the power is to be transmitted. Further-
more, a line used for this purpose is not neces-
sarily resonant; in fact, it may be desirable to 
avoid resonance effects entirely. 

If a transmission line could be Jnade infi-
nitely long, power would simply travel along it 
until it was entirely dissipated in the resistance 
of the line; there would be nothing to reflect it 
and standing waves would not exist. Such a line 
would present a constant impedance in the 
form of a pure resistance to an input at any 
frequency, and hence would show no resonance 
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effects. Practically, the characteristics of an in-
finitely-long line can be simulated by terminat-
ing a line of finite length in a load resistance 
equal to the characteristic impedance of the line. 
This and other general properties of transmis-
sion lines are discussed in the following para-
graphs. 

Characteristic impedance— The charac-

teristic impedance of a transmission line, also 
known as the surge impedance, is defined as 
that impedance which a long line would present 
to an electrical impulse induced in the line. 
In an ideal line having no resistance it is equal 
to the square root of the ratio of inductance to 
capacity per unit length of the line. 
The characteristic impedance of air-insu-

lated transmission lines may be calculated from 
the following formulas: 

Parallel-conductor line: 

2 = 276 log — (5) 
a 

where Z is the surge impedance, b the spacing, 
center to center, and a the radius of the con-
ductor. The quantities b and a must be meas-
ured in the same units (inches, cm., etc.). 

Coaxial or concentric line: 

Z = 138 log — (6) 
a 

where Z again is the surge impedance. In this 
case, b is the inside diameter (not radius) of 
the outer conductor and a is the outside diam-
eter of the inner conductor. The formula is true 
for lines having air as the dielectric, and approxi-
mately so with ceramic insulators so spaced 
that the major part of the insulation is air. 
The surge impedance for both parallel and 

coaxial lines using various sizes of conductors 
is given in chart form in Fig. 250. 
When a solid insulating material is used be-

tween the conductors, the increase in line 
capacity causes the impedance to decrease by 
the factor /R/K, where K is the dielectric con-
stant of the insulating material. 

Although two-conductor lines have lower 
radiation, a single-conductor line can be used 
for transferring power if it is terminated in its 
characteristic impedance. Under such circum-
stances the current in the line will be small, and 
since radiation is proportional to current the 
radiation also will be small. The characteristic 
impedance of a single-wire transmission line va-
ries with conductor size, height above ground, 
and orientation with respect to ground. An av-
erage figure is about 5oo. ohms. 
Standing-wave ratio— The lengths of 

transmission lines used at radio frequencies 
are of the same order as the operating wave-
lengths, and therefore standing waves of cur-
rent and voltage may appear on the line. 
The ratio of current (or voltage) at a loop to 
the value at a node (standing-wave ratio) de-
pends upon the ratio of the resistance of the 
load connected to the output end of the line 
(its termination) to the characteristic imped-
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ance of the line itself. That is, 

Z. Zg 

Standing-wave ratio = — or — (7) 
Zg Za 

where Z. is the characteristic impedance of the 
line and Ze is the terminating resistance. Zt is 
generally called an impedance, although it 
must be non-reactive and therefore must cor-
respond to a pure resistance for the line to oper-
ate as described. For example, this means that 
if the load or termination is an antenna, it must 
be resonant at the operating frequency. 
The formula is given in two ways because it 

is customary to put the larger number in the 
numerator, so that the ratio will not be frac-
tional. As an example, a 600-ohm line termi-
nated in a resistance of 70 ohms will have a 
standing wave ratio of 600/70, or 8.57. The 
ratio on a 70-ohm line terminated in a resist-
ance of 600 ohms would be the same. Thus, 
if the current as measured at a node is 0.1 am-
pere, the current at a loop will be 0.857 ampere. 
A line terminated in a resistance equal to its 

characteristic impedance is equivalent to an 
infinitely long line; consequently there is no 
reflection, and no standing waves will appear. 
The standing wave ratio therefore is 1. The 
input end of such a line appears as a pure re-
sistance of a value equal to the characteristic 
impedance of the line. 

Electrical length — The electrical length of 
a line is not exactly the same as its physical 
length for reasons corresponding to the end ef-
fects in antennas (§ 10-2). Spacers used to 
separate the conductors have dielectric con-
stants larger than that of air, so that the waves 
do not travel quite as fast along a line as they 
would in air. The lengths of electrical quarter 
waves of various types of lines can be calcu-
lated from the formula 

248 X V  
Length (feel) = 

Freq. ( Mc.) 
where V depends upon the type of line. For 
lines of ordinary construction, V is as follows: 

Parallel wire line V = 0.975 
Parallel tubing line V = 0.95 
Concentric line (air-insulated) V = 0.85 
Concentric line (rubber-insu-

lated) V = 0.56-0.65 
Twisted pair 

Reactance, resistance, impedance — The 
input end of a line may show reactance as well 
as resistance, and the values of these quantities 
will depend upon the nature of the load at the 
output end, the electrical length of the line, 
and the line characteristic impedance. The 
reactance and resistance are important in 
determining the method of coupling to the 
source of power. Assuming that the load at the 
output end of the line is purely resistive, a line 
less than a quarter wavelength long electrically 
will show inductive reactance at its input ter-
minals when the output termination is less 
than the characteristic impedance, and capaci-
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Fig. 251 — Input reactive characteri.ties of resistance. 
terminated transmission lines as a function of line length 

tive reactance when the termination is higher 
than the characteristic impedance. If the line 
is more than a quarter wave but less than a 
half wave long, the reverse conditions exist. 
These properties are shown in Fig. 251. With 
still longer lengths, the reactance characteris-
tics reverse in each succeeding quarter wave-
length. The input impedance is purely resistive 
if the line is an exact multiple of a quarter 
wave in length. The reactance at intermediate 
lengths is higher the greater the standing-wave 
ratio, being zero for a ratio of 1. 
Whether lines are classified as resonant or 

non resonant depends upon the standing-wave 
ratio. If the ratio is near 1, the line is said to be 
nonresonant, and reactive effects will be small 
even when the line length is not an exact mul-
tiple of a quarter wavelength. If the standing-
wave ratio is large, the input reactance must be 
canceled or " tuned out" unless the line is 
resonant — i.e., a multiple of a quarter wave-
length. 
Impedance transformation — Regardless 

of the standing-wave ratio, the input imped-
ance of a line a half-wave long electrically will 
be equal to the impedance connected at its 
output end; the same thing is true of a line any 
integral multiple of a half-wave in length. 
Such a line can be considered to be a one-to-one 
transformer. However, if the line is a quarter-
wave (or an odd multiple of a quarter-wave) 
long, the input impedance will be equal to 

Zi• 

Zr 
where Z. is the characteristic impedance of the 
line and Zi the impedance connected to the out-
put end. That is, a quarter-wave section of line 
will match two impedances, Zs and Zi, pro-
vided its characteristic impedance, Za; is equal 
to the geometric mean of the two impedances. 
A quarter-wave line may, therefore, be used 
as an impedance transformer. By suitable selec-
tion of constants, a wide range of impedance-
matching values can be obtained. 

Since the impedance measured between the 
two conductors anywhere along the line will 
vary between the two end values, a quarter-
wave line short-circuited at the output end 
can be used as a linear transformer with an ad-
justable impedance ratio. For best operation, 



52 chapter .5wo 

1/4 

(A) 

—..our(1) 007(1) 

let) 

IN 

(»IC* 

. - 
Fig. 252 — Equivalent coupling circuits for parallel,. 
line, coaxial-line and conventional resonant circuits. 

the two terminating impedances must be of the 
same order of magnitude. However, a series of 
quarter-wave sections can be used to obtain a 
step-by-step match of two terminal im-
pedances efficiently if they are widely different. 

Impedance-matching or transformation with 
transmission-line sections may also be effected 
by taps on quarter-wave resonant lines em-
ployed as coupling circuits in the same manner 
as conventional coil-condenser circuits. The 
equivalent relationships between parallel-line, 
coaxial-line and coil-and-condenser circuits for 
this purpose are shown in Fig. 252. 
Other impedance-matching arrangements 

employ the use of matching stubs or equivalent 
sections so arranged so as to balance out the 
reactive component introduced by the coupled 
circuit. These are employed primarily in con-
nection with antenna feed systems and are 
described in detail in § 10-8. 

Transmission lines as circuit elements — 
Sections of transmission lines, together with 
combinations of such sections, can be used to 
simulate practically any electrical circuit prop-
erty. Transmission lines can be used as re-
sistance, inductance and capacity, as well as for 
resonant circuits, impedance-matching trans-
formers, filters, and even as insulatnrs. 
When a short-circuited quarter-wavelength 

line is connected between a " hot" circuit and 
ground, the input end offers an extremely high 
resistive impedance. In other words, the trans-
mission line is virtually an insulator. 
Insulating lines of this sort are com-
monly employed in ultrahigh fre-
quency work. Such insulators can be 
used to provide a d.c. path between 
the r.f. conductor and chassis, and at 
the same time effectively block the 
flow of r.f. current. 
A transmission line terminated in 

its characteristic impedance affords a 
pure resistance at high frequencies, 
and so may be used as a non-reactive 
resistor. Unterminated lines afford a 
variety of reactive properties. Lengths 
of short-circuited line less than a quar-
ter wavelength represent pure induc-
tive reactance, while open-circuited 
lines have pure capacitive reactance. 

Thus the former can be used in lieu of r.f. 
chokes, while the latter can serve as by-pass 
condensers. 
The reactive characteristics of open- and 

closed-end lines are summarized in Fig. 253. 
Resonant lines as tuned circuits — In 

resonant circuits as employed at the lower fre-
quencies it is possible to consider each of the 
reactance components as a separate entity. A 
coil is used to provide the required inductance 
and a condenser is connected across it to pro-
vide the necessary capacity. The fact that the 
coil has a certain amount of self-capacity of its 
own, as well as some resistance, while the con-
denser also possesses a small self-inductance, 
can usually be disregarded. 
At the very-high and ultrahigh frequencies, 

however, it is no longer possible to separate 
these components. The connecting leads which, 
at lower frequencies, would serve merely to 
join the condenser to the coil now may have 
more inductance than the coil itself. The re-
quired inductance coil may be no more than a 
single turn of wire, yet even this single turn 
may have dimensions comparable to a wave-
length at the operating frequency. Thus the 
energy in the field surrounding the " coil," may 
in part be radiated. At a sufficiently high fre-
quency the loss by radiation may represent a 
major portion of the total energy in the circuit. 
Since energy which cannot be utilized as in-
tended is wasted, regardless of whether it is 
consumed as heat by the resistance of the wire 
or simply radiated into space, the effect is as 
though the resistance of the tuned circuit were 
greatly increased and its Q greatly reduced. 

For this reason, it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 100 Mc. A 
quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the 
other, exhibits large standing waves. When 
a voltage of the frequency at which such a 
line is resonant is applied to the open end, the 
response is very similar to that of a parallel 
resonant circuit; it will have very high input 
impedance at resonance and a large current 
flowing at the short-circuited end. 
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The action of a resonant quarter-wavelength 

line can be compared with that of a coil-and-
condenser combination whose constants have 
been adjusted to resonance at a corresponding 
frequency. Around the point of resonance, in 
fact, the line will display very nearly the same 
characteristics as those of the tuned circuit. 
The equivalent relationships are shown in Fig. 
253. At frequencies off resonance the line dis-
plays qualities comparable to the inductive and 
capacitive reactances of the coil and condenser 
circuit, although the exact relationships in-
volved are somewhat different. For all practi-
cal purposes, however, sections of resonant 
wire or transmission line can be used in much 
the same manner as coils or condensers. 

In v.h.f. circuits operating above 300 Mc., 
the spacing between conductors becomes an 
appreciable fraction of a wavelength. To keep 
the radiation loss as small as possible the 
parallel conductors should not be spaced far-
ther apart than 10 per cent of the wavelength, 
center to center. On the other hand, the spacing 
of large-diameter conductors should not be 
reduced to much less twice the diameter be-
cause of what is known as the proximity effect, 
whereby another form of loss is introduced 
through eddy currents set up by the adjacent 
fields. Because the cancellation is no longer 
complete, radiation from an open line becomes 
so great that the Q is greatly reduced. Conse-
quently, at these frequencies coaxial lines must 
be used. The coaxial line is advantageous at the 
lower frequencies, as well, but because it is 
more complicated to construct and adjust-
ments are more difficult the open type of line 
is generally favored at these frequencies. 
Transmission-line filter networks — The 

same general equations can be applied to any 
type of electrical network whether it be an 
actual section of transmission line, a combina-
tion of lumped-circuit elements, or a combina-
tion of transmission-line elements. Ordinary 
electric filters (§ 2-11) at lower frequencies use 
combinations of coils and condensers, but con-
ventional circuit elements cannot be used at 
extremely high frequencies. However, combi-
nations of transmission-line sections or com-
binations of transmission lines and parallel-
plate condensers may be used for the elements 
of very-high-frequency filter networks, instead. 
Construction— Practical information con-

cerning the construction of transmission lines 
for such specific uses as feeding antennas and 
as resonant circuits in radio transmitters will 
be found in the constructional chapters of this 
Handbook. Certain basic considerations appli-
cable in general to resonant lines used as circuit 
elements may be considered here, however. 

While either parallel-line or coaxial sections 
may be used, the latter are preferred for higher-
frequency operation. Representative methods 
for adjusting the length of such lines to reso-
nance are shown in Fig. 254. At the left, a slid-
ing shorting disc 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 

Fig. 254 — Methods of tuning coaxial resonant lines. 

line. At the right, two possible methods of 
mounting parallel plate condensers, used to 
tune a " foreshortened" line to resonance, are 
illustrated. The arrangement with the loading 
capacity at the open end of the line has the 
greatest tuning effect per unit of capacity; the 
alternative method, which is equivalent to 
"tapping" the condenser down on the line, has 
less effect on the Q of the circuit. Lines with 
capacity "loading" of the sort illustrated will 
be shorter, physically, than an unloaded line 
resonant at the same frequency. 
The short-circuiting disc at the end of the 

line must be designed to make perfect electrical 
contact. The voltage is a minimum at this end 
of the line; therefore, it will not break down 
some of the thinnest insulating films. Usually a 
soldered connection or a tight clamp is used to 
secure good contact. When the length of line 
must be readily adjustable, the shorting plug is 
provided with spring collars which make con-
tact on the inner and outer conductors at some 
distance away from the shorting plug at a 
point where the voltage is sufficient to break 
down the film between the collar and conductor. 
Two methods of tuning parallel-conductor 

lines are shown in Fig. 255. The sliding short-
circuiting strap can be tightened by means of 
screws and nuts to make good electrical con-
tact. The parallel-plate condenser in the second 
drawing may be placed anywhere along the 
line, the tuning effect becoming less as the 
condenser is located nearer the shorted end 

o  
Fig. 255 — Methods 
of tuning parallel. 
type resonant lines. 

of the line. Although a low-capacity variable 
condenser of ordinary construction can be 
used, the circular-plate type shown is symmet-
rical and thus does not unbalance the line. It 
also has the further advantage that no insulat-
ing material is required. 
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(A) (B) (C) 

Fig. 256— Evolution of a wave guide from a two-wire transmission line. 

El 2-1243 Wave Guides and Cavity 
Resonators 

Hollow wave guides— A wave guide is a 
conducting tube through which energy is trans-
mitted in the form of electromagnetic waves. 
The tube is not considered as carrying a cur-
rent 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 electromagnetic ef-
fects from being evident outside the guide. 
The v.h.f. energy is injected at one end, either 
through capacitive or inductive coupling or by 
radiation, and is received at the other end. The 
wave guide 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. 
The difficulty of visualizing energy transfer 

without the usual closed circuit can be relieved 
somewhat by considering the guide as being 
evolved from an ordinary two-conductor line. 

In Fig. 256-A, several closed quarter-wave 
stubs are shown connected in parallel across a 
two-wire transmission line. Since the open end 
of each stub is equivalent to an open circuit, 
the line impedance is not affected by their 
presence. Enough stubs may be added to form 
a U-shaped rectangular tube with solid walls, 
as at B, and another identical U-shaped tube 
may be added edge-to-edge to form the rec-
tangular pipe shown in Fig. 256-C. As before, 
the line impedance still will not be affected. 
But now, instead of a two-wire transmission 
line, the energy is being conducted within a 
hollow rectangular tube. 

This analogy to wave-guide operation is not 
exact, and therefore should not be taken too 
literally. In the evolution from the two-wire 
line to the closed tube the electric and mag-
netic field configurations undergo considerable 
change, with the result that the guide does not 
actually operate like a two-conductor line 
shunted by an infinite number of quarter-wave 
stubs. If it did, only waves of the proper length 
to correspond to the stubs would be propa-
gated through the tube, but the fact is that 
such waves do not pass through the guide. 
Only waves of shorter length — that is, higher 
frequency — can go through. The distance x 
represents half the cut-off wavelength, or the 
shortest wavelength which is unable to go 
through the guide. Or, to put it another way, 
waves of length equal to or greater than 2x 
cannot be propagated in the guide. 

A second point of differ-
ence is that the apparent 
length of a wave along the 
direction of propagation 
through a guide always is 
greater than that of a wave 
of the same frequency in 
free space, whereas. the 
wavelength along a two-
conductor transmission line 

is the same as t he free-space wave-length (when 
the insulation between the wires is air). 
Operating principles of wave guides — 

Analysis of wave-guide 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. 257. It 
will be observed that the intensity of the elec-
tric field is greatest at the center along the x 
dimension, diminishing to zero at the end 
walls. The latter is a necessary condition, since 
any electric field parallel to the walls at the 
surface would cause an infinite current to flow 
in a perfect conductor. This represents an im-
possible situation. 

Zero electric field at the end walls will result 
if the wave is considered to consist of two sepa-
rate waves moving in zig-zag fashion down the 
guide, reflected back and forth from the end 
walls as shown in Fig. 258. Just at the walls, 
the positive crest of one wave meets the nega-
tive crest of the other, giving complete cancel-
lation of the electric fields. The angle of re-
flection at which this cancellation occurs de-
pends upon the width x of the guide and the 
length of the waves; Fig. 258-A illustrates the 
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Fig. 257— Field distribution in a rectangular wave 
guide. The TEL° mode of propagation is depicted. 
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case of a wave considerably shorter than the 
cut-off wavelength, while B shows a longer 
wave. When the wavelength equals the cut-off 
value, the two waves simply bounce back and 
forth between the walls and no energy is trans-
mitted through the guide. 
The two waves travel with the speed of light, 

but since they do not travel in a straight line 
the energy does not travel through the guide as 
rapidly as it does in space. A further conse-

Porn9VE cm? 
NEGATIVE CREST 

Fig. 258 — Reflection of two component waves in a rec-
tangular guide. X = wavelength in space, Xg = wave-
length in guide. Direction of wave motion is perpendicu-
lar to the wave front (crests) as shown by the arrows. 

quence of the repeated reflections is that the 
points of maximum intensity or wave crests 
are separated more along the line of propaga-
tion in the guide than they are in the two sepa-
rate waves. In other words, the wavelength in 
the guide is greater than the free-space wave-
length. This is also shown in Fig. 258. 
Modes of propagation— Fig. 257 repre-

sents a relatively simple distribution of the 
electric, and magnetic fields. There is in gen-
eral 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 configuration 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 direction of 
propagation, but has a component of electric 
field in that direction. The other type, desig-
nated TE (transverse electric) has the electric 
field entirely transverse, but has a component 
of magnetic field in the direction of propaga-
tion. 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, TEL°, 
TMLI, 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. 
Wave-guide dimensions — In the rec-

tangular guide the critical dimension is x in 
Fig. 256; this dimension must be more than 
wavelength at the lowest frequency to be 
transmitted. In practice, the y dimension usti-

55 
ally is made about equal to 2z 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 Circular 
Cut-off wavelength  2x 3.41r 
Longest wavelength transmitted with  

little attenuation  1.6x 3.2r 
Shortest wavelength before next 
mode becomes possible  1.1z 2.8r 

Cavity resonators— At low and medium 
radio frequencies resonant circuits usually are 
composed of "lumped" constants of L and C; 
that is, the inductance is concentrated in a coil 
and the capacity concentrated in a condenser. 
However, as the frequency is increased coils 
and condensers must be reduced to imprac-
ticably small physical dimensions. Up to a cer-
tain point this difficulty may be overcome by 
using linear circuits (§ 2-12-B) but even these 
fail at extremely high frequencies. Another 
kind of circuit particularly applicable at wave-
lengths of the order of centimeters is the cav-
ity resonator, which may be looked upon as a 
section of a wave guide with the dimensions 
chosen so that waves of a given length can be 
maintained inside. 
The derivation of one type of cavity resona-

tor from an ordinary LC circuit is shown in 
Fig. 259. As in the case of the wave-guide 
derivation, this picture must be accepted with 
some reservations, and for the same reasons. 

Considering that even a straight piece of wire 
has appreciable inductance at very-high fre-
quencies, it may be seen in Fig. 259-A and -B 
that a direct short across a two-plate con-
denser with air dielectric is the equivalent of a 
tuned circuit with a typical coiled inductance. 
With two wires between the plates, as shown 
in Fig. 259-C, the circuit may be thought of as 

(A) 

(c) c   

(E) 
IN 

(B) 

(D) 

Plun9er 

t. (F) 

OUT 

Fig. 259 — Steps in the derivation of a cavity resonator 
from a conventional coil-and-condenser tuned circuit. 
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a resonant-line section. For d.c. or even low 
frequency r.f., this line would appear as a short 
across the two condenser plates. At the ultra-
high frequencies, however, as shown in Fig. 
252, such a section of line a quarter-wavelength 
long would appear as an open circuit when 
viewed from one of the plates with respect to 
the other end of the section. 

Increasing the number of parallel wires be-
tween the plates of the condenser would have 
no effect on the equivalent circuit., as shown at 
D. Eventually, the closed figure at E will be 
developed. Since each wire which is added in D 
is like connecting inductances in parallel, the 
total inductance across the condenser becomes 
increasingly smaller as the solid form is ap-
proached, and the resonant frequency of the 
figure therefore becomes higher. 

If energy from some v.h.f, source now is in-
troduced into the cavity in a manner such as 
that shown at F, the circuit will respond like 
any equivalent coil-condenser tank circuit at its 
resonant frequency. A cavity resonator may 
therefore be used as a u.h.f. tuning element, 
along with a vacuum tube of suitable design, 
to form the main components of an oscillator 
circuit which will be capable of functioning at 
frequencies considerably beyond the maxi-
mum limits possible when conventional tubes, 
coils and condensers are employed. 

CYLINDER 

SPHERE WITH 
REENTRANT CONES 

Fig. 260 — Forms of cavity resonators. 

Other shapes than the cylinder may be used 
as resonators, among them the rectangular 
box, the sphere, and the sphere with re-entrant 
cones, as shown in Fig. 260. The resonant fre-
quency depends upon the dimensions of the 
cavity and the mode of oscillation of the waves 
(comparable to the transmission modes in a 
wave guide). For the lowest modes the reso-
nant wavelengths are as follows: 
Cylinder. ,  2.61r 
Squnrp bn   1.411 
Sphere  2.28r 
Sphere with re-entrant cones  4r 

The resonant wavelengths of the cylinder 
and square box are independent of the height 
when the height is less than a half wavelength. 
In other modes of oscillation the height must 
be a multiple of a half wavelength as measured 
inside the cavity. Fig. 259-F shows how a 
cylindrical cavity can be tuned 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 wide practical 

use is the re-entrant cylindrical type shown in 
Fig. 261. It is useful in connection with yac-

CROSS-SECTIONAL VIEW 

Fig. 261 — Re-entrant cylindrical cavity resonator. 

uum-tube oscillators of the types described 
for u.h.f. use in Chapter Three. In construction 
it resembles a concentric line closed at both 
ends with capacity loading at the top, but the 
actual mode of oscillation may differ consid-
erably from that occurring in 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 to ordinary resonant circuits, 

cavity resonators have extremely high Q. 
A value of Q of the order of 1000 or more is 
readily obtainable, and Q values of several 
thousand can readily be secured with good 
design and construction. 
Coupling to wave guides and cavity res-

onators— Energy may be introduced into or 
abstracted from a wave guide or resonator by 
means of either the electric or magnetic field. 
The energy transfer frequently is through a 
coaxial line, two methods for coupling to which 
are shown in Fig. 262. The probe shown at A 
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) (B) 
Fig. 262 — Coupling to wave guides 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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EL 2-12-C Lumped-Constant Circuits 

• V.h.f. resonator circuits — At the very-
high frequencies the low values of L and C 
required make ordinary coils and condensers 
impracticable, while linear circuits offer me-
chanical difficulties in making tuning adjust-
ments over a wide-frequency range. 
To overcome these difficulties, special high-Q 

lumped-constant circuits have been developed 
in which connections from the " condenser" to 
the " coil" are an inherent part of the structure. 
Integral design minimizes both resistance and 
inductance and increases the CIL ratio. 
The simplest of these circuits is based on the 

use of discs combining half-turn inductance 
loops with semi-circular condenser plates. By 
connecting several of these half-turn coils in 
parallel, the effective inductance is reduced to 
a value appreciably below that for a single 
turn. Tuning is accomplished by interleaving 
grounded rotor plates between the turns. Both 
by shielding action and short-circuited-turn 
effect, these further reduce the inductance. 

Another type of high-C circuit is a single-
turn toroid, commonly termed the " hat" res-
onator. Two copper shells with wide, flat 
"brims" are mounted facing each other on an 
axially aligned copper rod. The capacity in the 
circuit is that between the wide shells, while the 
central rod comprises the inductance. 

Fig. 263 — Concentric-
cylinder or "pot"-type 
tank for v.h.f. The 
equivalent circuit dia-
gram is also shown. 
Connections are made 
to the terminals marked 
T. For maximum Q the 
ratio of h to c should 
be between 3 and 5. 

"Pot"-type tank circuits— The lumped-
constant concentric-element tank in Fig. 263, 
commonly referred to as the "pot" circuit, 
is equivalent to a very short coaxial line (no 
linear dimension should exceed 1/20th wave-
length), loaded by a large integral capacity. 
The inductance is supplied by the copper 

rod, A. The capacity is provided by the con-
centric cylinders, B and C, plus the capacity be-
tween the plates at the bottoms of the cylinders. 

Approximate values of capacity and induct-
ance for tank circuits of the " pot" type can be 
determined by the following: 

L = 0.0117 log -b ah. 

c, = ( a b )4_ (0.1775 b2\ 
log - e ) Pmfd. 

where the symbols are as indicated in Fig. 
263, and all dimensions are in inches. The left-
hand term for capacity applies to the concen-
tric cylinders, B and C, while the second term 
gives the capacity between the bottom plates. 

0.6225 d 

"Butterfly" circuits— The tank circuits 
described in the preceding section are pri-
marily fixed-frequency devices. The " butter-
fly" circuits shown in Fig. 264 are capable of 
being tuned over an exceptionally wide range, 

(D) 

(B) (c) 

(E) 

Fig. 264 — "Butterfly" tank circuits for v.h.f., showing 
front and cross-section views and the equivalent circuit. 

while still having high Q and reasonable physi-
cal dimensions. The circuit at A is derived from 
a conventional balanced-type variable condens-
er. The inductance is in the wide circular band 
connecting the stator plates. At its minimum 
setting the rotor plate fills the opening of the 
loop, reducing the inductance to a minimum. 
Connections are made to points 1 and 2. 
This basic structure eliminates all connecting 
leads and avoids all sliding or wiping electrical 
contacts to a rotating member. A disadvantage 
is that the electrical midpoint shifts from point 
3 to point 3' as the rotor is turned. Constant 
magnetic coupling may be obtained by a 
coupling loop located at point 4, however. 

In the modification shown at D, two sectoral 
stators are spaced 180 degrees, thereby achiev-
ing the electrical symmetry required to permit 
tapping for balanced operation. Connections 
to the circuit should be made at points 1 and 2 
and it may be tapped at points 3 and 3', which 
are the electrical midpoints. Where magnetic 
coupling is employed, points 4 and 4' are suit-
able locations for coupling links. 
The capacity of any butterfly circuit may be 

computed by the standard formula for parallel-
plate condensers given in Chapter 20. The 
maximum inductance can be obtained approxi-
mately by finding the inductance of a full ring 
of the same diameter and multiplying the re-
sult by a factor of 0.17. The ratio of minimum 
to maximum inductance varies between 1.5 
and 4 with usual construction. 
Any number of butterfly sections may be 

connected in parallel. In practice, units of four 
to eight plates prove most satisfactory. The 
ring and stator may either be made in one piece 
or with separate sectoral stator plates and 
spacing rings assembled with machine screws. 
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tJ 2-I2-D Piezoelectric Crystals 

Piezoelectricity — Properly ground plates 
or bars of quartz and certain other crystalline 
materials, such as Rochelle salts, show a me-
chanical strain when subjected to an electric 
charge and, conversely, a difference in po-
tential between two faces when subjected to 
mechanical stress. The relatiorfship between 
mechanical force and electrical stress under 
such conditions is known as the piezoelectric 
effect. The charges appearing on the crystal as 
a result of mechanical force applied to the crys-
tal, or of mechanical vibration of the crystal 
itself, are termed piezoelectricity. 

Piezoelectric crystals may be employed as 
devices either for changing mechanical energy 
to electrical energy or for changing electrical 
energy to mechanical energy. In the former 
category are such devices as crystal micro-
phones and phonograph pickups; in the latter, 
crystal headphones, crystal loud-speakers and 
crystal recording heads. 
A properly cut crystal is a mechanical vibra-

tor electrically equivalent to a series-resonant 
circuit of very high Q, and so can be also used 
for many of the purposes for which ordinary 
resonant circuits are used. The resonant fre-
quency depends upon shape, thickness, length 
and cut. 

Natural quartz crystals are usually in the 
form of a hexagonal prism terminated at one 
or both ends by a six-sided pyramid. Joining 
the vertices of these pyramidal ends, and per-
pendicular to the plane of the hexagonal cross 
section, is the optical or Z axis. The three elec-
trical or X axes lie in a plane perpendicular to 
the optical axis and passing through opposite 
corners of the hexagon. The three mechanical 
or Y axes lie in the same plane but perpen-
dicularly to the sides of the hexagon. 

Active plates cut from a raw crystal at 
various angles to its optical, electrical and 
mechanical axes have differing characteristics 
as to thickness, frequency-temperature coeffi-
cient, power-handling capabilities, etc. The 
basic cuts are designated X and Y after their 
respective axes, but a variety of specialized 
cuts, such as the AT, are in more common use. 
Frequency-thickness ratio — At frequen-

cies above about 500 kc. the thickness of the 
crystal is the principal frequency-determining 
factor, the other dimensions being of relatively 
minor importance. Thickness and frequency 
are related by a constant, K, such that 

K 

where f is the frequency in megacycles and t 
the thickness of the crystal in mils. For the 
X-eut, K = 112.6; Y-cut, K = 77.0; AT-cut, 
K = 66.2, BT-cut, K = 97.3. 
At frequencies above about 10 Mc. the 

crystal becomes very thin and correspondingly 
fragile, so that crystals seldom are manu-
factured for fundamental operation above this 

ehapier 
frequency. Direct crystal control on 14 and 28 
Me. is secured by use of " harmonic" crystads, 
which are ground to be active oscillators when 
excited at a harmonic (usually the third). 
Temperature coefficient of frequency — 

The resonant frequency of a crystal varies with 
temperature, the variation depending upon the 
type of cut. The frequency change is usually 
expressed as a coefficient relating the number 
of cycles of frequency change per megacycle 
per °C. It may be either positive (increasing 
frequency with increasing temperature) or 
negative (decreasing frequency with increasing 
temperature). X-cut crystals have a negative 
coefficient of 15 to 25 cycles/Mc./°C. The co-
efficient of Y-cut crystals may vary from —20 
cycles/Mc./°C. to + 100 cycles/Mc./°C. 

Variations in frequency caused by tempera-
ture changes can be minimized by proper 
cutting of the plate. By orienting the plate 
through various angles in relation to its optical, 
electrical and mechanical axes, a compensatory 
relationship can be derived between the dimen-
sions of the plate, its density, and its elastic 
constants — the components responsible for 
the temperature coefficient. 
The AT cut is the type perhaps most exten-

sively used for transmitter frequency control. 
This plate can be ground to almost any fre-
quency between 300 and 5000 kc. Its comple-
ment, the BT eut, is used for frequencies within 
the range 4500 to 10,000 kc. 

For frequencies below 500 kc., CT and DT 
shear-type cuts have been developed which 
depend not upon thickness but on length and 
width for determining frequency. Plates of 
the CT and DT type vibrating at a harmonic 
mode are designated ET or FT cuts. 
The low-drift types described above show a 

zero temperature coefficient through only a 
few degrees of change. Another type of cut, 
the CT, will drift less than 1 cycle/Mc./°C. 
over a temperature change of 100° C. In this 
plate a face shear vibration is changed into 
two longitudinal vibrations coupled together. 
At a certain ratio of length to width one mode 

--

(B) 

Fig. 265 — Modes of vibration for various crystal cuts. 
A — Fundamental (above) and harmonic (below) of the 
AT and BT cuts. B — The GT cut. C — CT and DT 
cuts (above) and ET and FT cuts (below). I) — NT cut. 
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Fig. 266 — Frequency change in parts per million vs• 
variation in temperature in °C. for various crystal cute. 

has a zero temperature coefficient, making it 
especially useful as a frequency standard. The 
MT cut, which also vibrates longitudinally, 
can be used from 50 to 100 kc. The NT crystal 
is a flexurally vibrating cut having a low tem-
perature coefficient in the range from 4 to 50 
kc. MT and NT cuts are useful for phase-
modulated f.m. transmitters. 

I. 2-13 Miscellaneous Circuit Details 

Combined a.c. and d.c. — There are many 
practical instances of simultaneous flow of 
alternating and direct currents in a circuit. 
When this occurs there is a pulsating current, 
and it is said that an alternating current is 
superimposed on a direct current. As shown in 
Fig. 267, the maximum value is equal to the 
d.c. value plus the a.c. maximum, while the 
minimum value (on the negative a.c. peak) is 
the difference between the d.c. and the maxi-
mum a.c. values. The average value (§ 2-7) of 
the current is simply equal to the direct-cur-
rent component alone. The effective value 
(§ 2-7) of the combination is equal to the 
square root of the sum of the effective a.c. 
squared and the d.c. squared: 

/ = -VW /*2 

where I., is the effective value of the a.c. 
component, I is the effective value of the com-
bination, and /dc is the average (d.c.) value of 
the combination. 
Beats— If two or more alternating currents 

of different frequencies are present in a normal 
circuit they will have no particular effect upon 
one another and can be separated again by the 
proper selective circuits. However, if two (or 
more) alternating currents of different frequen-
cies are present in an element having unilateral 
or one-way current flow properties, not only 
will the two original frequencies be present in 
the output but also currents having frequencies 
equal to the sum, and difference, of the original 
frequencies. These Sum and difference frequen-
cies are called the beat frequencies. For ex-
ample, if frequencies of 2000 and 3000 kc. are 
present in a normal circuit only those two fre-
quencies exist, but if they are passed through a 
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unilateral element there will be present in the 
output not only the two original frequencies of 
2000 and 3000 kc. but also currents of 1000 
(3000 — 2000) and 5000 (3000 + 2000) kc. 
Suitable circuits can be used to select the 
desired beat frequency. The human ear has 
unilateral characteristics and is, therefore, 
capable of hearing audible beat frequencies. 
Electronic devices of this nature are called 
mixers, converters, and detectors. 
By-passing— In combined circuits, it is fre-

quently necessary to provide a low-impedance 
path for a.c. around, for instance, a source of 
d.c. voltage. This can be done by using a by-
pass condenser, which will not pass direct cur-
rent but will readily permit the flow of alter-
nating current. The capacity of the condenser 
should be of such value that its reactance is 
low (of the order of 1/10th or less) compared 
to the a.c. impedance of the device being by-
passed. The lower the reactance, the more effec-
tively will the alternating current be confined 
to the desired path. 

Similarly, alternating current can be pre-
vented from flowing through a direct-current 
circuit to which it may be connected by in-
serting an inductance of high reactance (called 
a choke coil) between the two circuits. This will 
permit the direct current to flow without hin-
draftee, since the resistance of the choke coil 
may be made quite low, but will effectively 
prevent the alternating current from flowing 
where it is not wanted. 

If both r.f and low-frequency (audio or 
power) currents are present in a circuit, they. 
may be confined to desired paths by similar 
means, since an inductance of high reactance 
for radio frequencies will have negligible re-
actance at low frequencies, while a condenser 
of low reactance at radio frequencies will have 
high reactance at low frequencies. 
Grounds — The term " ground" is fre-

quently encountered in discussions of circuits. 
Normally it means the voltage reference point 

Fig. 267— Pulsat-
ing current, com-
posed of an alternat-
ing current or volt-
age superimposed on 
a steady direct cur-
rent or voltage. 
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in the circuit. There may or may not be an ac-
tual connection to earth, but it is understood 
that a point in the circuit said to be at ground 
potential could be connected to earth without 
disturbing the operation of the circuit in any 
way. In direct-current circuits, the negative 
side generally is grounded. The ground symbol 
in circuit diagrams is used for convenience in 
indicating common connections between vari-
ous parts of the circuit, as through a metal 
chassis, and, with respect to actual ground, 
usually has the meaning indicated above. 



aapler ..7hree 

Vacuum ...7u‘eó 

(1. 3-1 Diodes 

Rectification — Practically all of the vac-
uum tubes used in radio work depend upon 
thermionic conduction (§ 2-4) for their opera-
tion. The simplest type of vacuum tube is that 
shown in Fig. 301. It has two elements, a cath-
ode and a plate, and is called a diode. When 
heated by the " A" battery the cathode emits 
electrons, which are attracted to the plate if the 
plate is at a positive potential with respect to 
the cathode. 
Because of the nature of thermionic con-

duction, the tube is a conductor in one direc-
tion only. If a source of alternating voltage is 
connected between the cathode and plate, then 
electrons will flow only on the .positive half-
cycles of alternating voltage; there will be no 
electron flow during the half cycle when the 
plate is negative with respect to the cathode. 
Thus the tube can be used as a rectifier, to 
change alternating current to pulsating direct 
current. This alternating current can be any-
thing from the 60-cycle kind to the highest 
radio frequencies. 

Rectification finds its chief applications in 
detecting radio signals and in power supplies. 
These are treated in Chapters Seven and 
Eight, respectively. 

Characteristic curves— The performance 
of the tube can be reduced to easily understood 
terms by making use of tube characteristic 
curves. A typical characteristic curve for a 
diode is shown at the right, in Fig. 301. It 
shows the current flowing between plate and 
cathode with different d.c. voltages applied 
between the elements. The curve of Fig. 301 
shows that, with fixed cathode temperature, 
the plate current increases as the voltage be-
tween cathode and plate is raised. For an ac-
tual tube the values of plate current and plate 
voltage would be plotted along their respective 
axes. 
The power consumed in the tube is the prod-

uct of the plate voltage multiplied by the plate 
current, just as in any d.c. circuit. In a vacuum 
tube this power is dissipated in heat developed 
in the plate and radiated to the bulb. 

111111181e 

Fig. 301— The diode or two-element tube and a t, pical 
characteristic curve showing plate current vs. voltage. 

Space charge — With the cathode tem-
perature fixed the total number of electrons 
emitted is always the same, regardless of the 
plate voltage. Fig. 301 shows, however, that 
less plate current will flow at low plate voltages 
than when the plate voltage is large. With low 
plate voltage, only those electrons nearest the 
plate are attracted- to the plate. The electrons 
in the space near the cathode, being themselves 
negatively charged, tend to repel the similarly 
charged electrons leaving the cathode surface 
and cause them to fall back on the cathode. 
This is called the space-charge effect. As the 
plate voltage is raised more and more electrons 
are attracted to the plate, until finally the space 
charge effect is completely overcome. When 
this occurs all the electrons emitted by the 
cathode are attracted to the plate, and a fur-
ther increase in plate voltage can cause no 
further increase in plate current. This condi-
tion is called saturation. 

41 3-2 Triodes 

Grid control — If a third element, called the 
control grid, or simply the grid, is inserted be-
tween the cathode and plate of the diode, the 
space-charge effect can be controlled. The tube 
then becomes a triode (three-element tube) and 
is useful for more things than rectification. The 
grid is usually in the form of an open spiral or 
mesh of fine wire. If the grid is connected ex-
ternally to the cathode so that it is at the same 
potential as the cathode, and a steady voltage 
from a d.c. supply is then applied between the 
cathode and plate (the positive of the " B" sup-
ply is always connected to the plate), there 
will be a constant flow of electrons from cath-
ode to plate through the openings of the grid, 
much as in the diode. However, if the grid is 
given a positive potential with respect to the 
cathode, the space charge will be partially 
neutralized and there will be an increase in 
plate current. If the grid is made negative with 
respect to the cathode, the space charge will 
be reinforced and the current will decrease. 
This effect of grid voltage can be shown by 

curves in which plate current is plotted against 
grid voltage. At any given value of grid volt-
age the plate current will still depend upon the 
plate voltage, so if complete information about 
the tube is to be secured it is necessary to plot 
a series of curves taken with various values 
of plate voltage. Such a set of grid voltage vs. 
plate current curves, typical of a small receiv-
ing triode, is shown in Fig. 303. 
So long as the grid has a negative potential 

with respect to the cathode, electrons emitted 
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Fig. 302 — Illustrat-
ing the construction of 
an elementary triode 
vacuum tube, showing 
the filament, grid (with 
an end view of the grid 
wires) and plate. The 
relative density of the 
space charge is indi-
cated roughly by the 
dot density. Battery 
symbols follow those 
of the usual schematic 
diagrams, while the 
schematic tube symbol 
is shown at the right. 

SYMBOL 

by the cathode are repelled (§ 2-3) from the 
grid, with the result that no current flows to the 
grid. Hence, under these conditions, the grid 
consumes no power. However, when the grid 
becomes positive with respect to the cathode, 
electrons are attracted to it, and a current flows 
to the grid; when this grid current flows, power 
is dissipated in the grid circuit. 

In addition to the set of curves showing the 
relationship between grid voltage and plate 
current at various fixed values of plate voltage, 
two other sets of curves may be plotted to 
show the characteristics of a triode. These are 
the plate voltage vs. plate current characteris-
tic, which shows the relationship between plate 
voltage and plate current for various fixed 
values of grid voltage, and the constant-cur-
rent characteristic, which shows the relation-
ship between plate voltage and grid voltage for 
various fixed values of plate current. 
Amplification— The grid evidently acts as 

a valve to control the flow of plate current, and 
it is found that it has a much greater effect on 
plate current flow than does the plate voltage; 
that is, 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; that is, the genera-
tion of a large voltage by a small one, or the 
generation of a relatively large amount of 
power from a small amount. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified power or 
voltage output from the tube is obtained, not 
from the tube itself, but from the source of 
e.m.f. connected between its plate and cathode. 
The tube simply controls the power from this 
source, changing it to the desired form. 
To utilize the controlled power, a device for 

consuming it, or for transferring it to another 
circuit, must be connected in the plate circuit, 
since no particularly useful purpose would be 
served in having the current merely flow 
through the tube and the source of e.m.f. Such 
a device is called the load, and may be either a 
resistance or an impedance. The term " imped-
ance" is frequently used even though the load 
may be purely resistive. 

Amplification factor — The relative effect 
of the grid and plate voltages on the plate cur-
rent is measured by the amplification factor of 
the tube, usually represented by the Greek 
letter es.. Amplification factor is defined as the 
ratio of the change in plate voltage required 
to produce a given change in plate current to 
the change in grid voltage required to produce 
the same plate-current change. Strictly speak-
ing, very small changes in both grid and plate 
voltage must be used in determining the am-
plification factor, because the curves showing 
the relationship between plate voltage and 
plate current, and between grid voltage and 
plate current, are not perfectly straight, espe-
cially if the plate current is nearly zero. This 
indieates that the amplification factor varies 
at different points along the curves, and dif-
ferent values will be obtained as larger or 
smaller voltage differences are taken for the 
purpose of calculating it. The expression for 
amplification factor can be written: 

= 

where à E, indicates a very small change in 
plate voltage and à E, is the change in grid 
voltage producing the sanie plate current 
change. The symbol à (the Greek letter della) 
indicates a small increment, or small change. 
The amplification factor is simply a ratio, 

and has no unit. 
Plate resistance — Since only a limited 

amount of plate current flows when a ginn 
voltage is applied between plate and cathode, 
it is evident that the plate-cathode circuit of 
the tube has resistance. However, there is no 
simple relationship between plate voltage and 
plate current, so that in general the plate cir-
cuit of the tube does not follow Ohm's Law. 
Under a given set of conditions the application 
of a given plate voltage will cause a certain 
plate current to flow, and if the plate voltage 
is divided by the plate current a " resistance" 
value will be obtained which frequently is 
called the " d.c. resistance" of the tube. This 
" d.c. resistance" will be different for every 
value of plate voltage and also for different 
values of grid voltage, since the plate current 
also depends upon the grid voltage when the 
plate voltage is fixed. 

In applications of the vacuum tube, it is more 
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Fig. 303 — Grid voltage vs. plate current curves at visi-
ons fixed valises of plate voltage (&) 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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important to know how the plate current 
changes with a change in plate voltage than it 
is to know the relationship between the actual 
values of plate current and plate voltage. The 
relationship between plate-current change and 
plate-voltage change determines the a.c. plate 
resistance of the tube. This resistance, which us-
ually is designated r„, is significant when there 
is an a.c. component in the plate current. It can 
be found from the plate voltage vs. plate cur-
rent characteristic curves. That is, 

à E„ 
rp = — à I, 

where à E„ is a small change in plate voltage 
and à 1,, the corresponding small change in 
plate current, the grid voltage being fixed. 

Plate resistance is expressed in ohms, since 
it is the ratio of voltage to current. The value 
of plate resistance will, in general, change with 
the particular voltages applied to the plate and 
grid. It depends as well upon the structure of 
the tube; low-g tubes have relatively low plate 
resistance and high-g tubes have high plate 
resistance. 
Transconductance — The effect of grid 

voltage upon plate current is expressed by the 
grid-plate transconductance of the tube. Trans-
conductance is a general term giving the rela-
tionship between the voltage applied to one 
electrode and the current which flows, as a 
result, in a second electrode. As in the previous 
two cases, it is defined as the change in current 
through the second electrode caused by a 
change in voltage on the first. Thus the grid-
plate transconductance, commonly called the 
mutual conductance, is 

à 1, 
g. = 

where g,,, is the mutual conductance, à 1„ the 
change in plate current, and à E, the change in 
grid voltage, the plate voltage being fixed. As 
before, the sign à indicates that the changes 
must be small. Transconductance is measured 
in mhos, since it is the ratio of current to volt-
age. The unit usually employed in connection 
with vacuum tubes is the tnicromho (one mil-
lionth of a mho), because the conductances are 
small. By combining with the two preceding 
formulas, it can be shown that g. = u/rp. 
The mutual conductance of a tube is a rough 

indication of its merit as an amplifier, since it 
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Fig. 304 — Plate voltage vs. plate current curves at 
various fixed values of negative grid voltage for the same 
triode as that used to obtain the curves in Fig. 303. 

includes the effects of both amplification factor 
and plate resistance. Its value varies with the 
voltages applied to the plate and grid. With 
the plate voltage fixed, the mutual conductance 
decreases when the grid is made increasingly 
negative with respect to the cathode. This 
characteristic frequently can be used to ad-
vantage in the control of amplification, since 
the amount of amplification can be varied over 
wide limits simply by adjusting the value of a 
steady voltage applied to the grid. 

Static and dynamic curves— Curves of the 
type shown in Figs. 301 and 303 are called 
static curves. They show the current which 
flows when various voltages are applied di-
rectly to the tube electrodes. Another useful 
set of static curves is the " plate family," or 
plate voltage vs. plate current characteristic. A 
typical set of curves of this type is shown in 
Fig. 304. 
A curve showing the relationship between 

grid voltage and plate current when a load 
resistance is connected in the plate circuit is 
called a dynamic characteristic curve. Such 
a curve includes the effect of the load resist-
ance, and hence is more indicative of the per-
formance of the tube as an amplifier. With 
a fixed value of plate-supply voltage the actual 
value of voltage between the plate and cathode 
of the tube will depend upon the amount of 
plate current flowing, since the plate current 
also flows through the load resistance and 
therefore results in a voltage drop which must 
be subtracted from the plate-supply voltage. 
The dynamic curve includes the effect of this 
voltage drop. Consequently, the plate cur-
rent always is lower, for a given value of grid 
bias and plate-supply voltage, with the load 
resistance in the circuit than it is without it. 

Representative dynamic characteristics are 
shown in Fig. 305. These were taken with the 
same type of tube whose static curves are 
shown in Fig. 303. Different curves would be 
obtained with different values of plate-supply 
voltage, Eb; this set is for a plate-supply 
voltage of 300 volts. Note that increasing the 
value of the load resistance reduces the plate 
current at a given bias voltage, and also that 
the curves are straighter with the higher values 
of load resistance. Zero plate current, always 
occurs at the saine value of negative grid bias, 
since at zero plate current there is no voltage 
drop in the load resistance and the full supply 
voltage is applied to the plate. 

Fig. 306 shows how the plate current re-
sponds to an alternating voltage (signal) ap-
plied to the grid. If the plate current is to have 
the same waveshape as that of the signal, it is 
necessary to confine the operation to the 
straight section of the curve. To do this, it is 
necessary to select an operating point near the 
middle of the straight portion; this operating 
point is determined by the fixed voltage (bias) 
applied to the grid. The alternating signal 
voltage then adds to or subtracts from the grid 
bias, depending upon whether the instantane-
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ous signal voltage is negative or positive with 
respect to the cathode, and causes a corre-
sponding variation in plate current. The maxi-
mum departure of instantaneous grid voltage 
• or plate current from the operating point is 
called the swing. The varying plate current 
flows through the load resistance, causing a 
varying voltage drop which constitutes the 
useful output voltage of the tube. 
The point at which the plate current is re-

duced to zero is called the cut-off point. The 
value of negative grid voltage at which cut-off 
occurs depends upon the amplification factor 
of the tube and the plate voltage. It is approxi-
mately equal to the plate-supply voltage di-
vided by the amplification factor. 
Interelectrode capacities— Any pair of 

elements in a tube forms a miniature condenser 
(§ 2-3), and, although the capacities of these 
condensers may be only a few micromicro-
farads or less, they must frequently be taken 
into account in vacuum-tube circuits. The ca-
pacity from grid to plate (grid-plate capacity) 
has an important effect in many applications. 
In triodes, the other capacities are the grid-
cathode and plate-cathode. In multi-element 
tubes (§ 3-6), similar capacities exist between 
these and other electrodes. With screen-grid 
tubes, the terms " input" and " output" ca-
pacity mean, respectively, the capacity meas-
ured from grid to all other elements connected 
together and from plate to all other elements 
connected together. The same terms are used 
with triodes but are not so easily defined, since 
the effective capacities existing depend upon 
the operating conditions (§ 3-3). 
Tube ratings — Specifications of suitable 

operating voltages and currents are called tube 
ratings. Ratings include proper values for fila-
ment or heater voltage and current, plate volt-
age and current, and similar operating specifi-
cations for other elements. An important rating 
in power tubes is the maximum safe plate dissi-
pation, or the maximum power that can be dis-
sipated continuously in heat on the plate( § 3-1). 

III 3-3 Amplification 

Principles — The operation of a simple am-
plifier, which was described briefly in the pre-
ceding section, is shown in more detail in Fig. 
307. The load in the plate circuit is the resistor, 
R„. For the sake of example, it is assumed that 
the plate-supply voltage is 300 volts, the nega-
tive grid bias is 5 volts, and the plate current 
at this bias when Rp is 50,000 ohms is 2 milli-
amperes (0.002 ampere). If no signal is applied 
to the grid circuit, the voltage drop in the load 
resistor is 50,000 X 0.002, or 100 volts, leaving 
200 volts between the plate and cathode. 

If 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 —3 volts at the in-
stant the signal reaches 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 and, as shown by the graph, will have 
a value of 2.65 milliamperes. The minimum 
plate current occurs at the instant the grid 
voltage is —7 volts, and has a value of 1.35 

Fig. 305 — Dynamic characteristics of a small triode 
with various load resistances from 5,000 to 100,000 ohms. 

ma. At intermediate values of grid voltage, in-
termediate plate-current values will occur. The 
instantaneous voltage between the plate and 
cathode of the tube also is shown on the graph. 
When the plate current is maximum the in-
stantaneous voltage drop in RI, is 50,000 X 
0.00265 or 132.5 volts, and when the plate 
current is minimum the instantaneous voltage 
drop in /1,, is 50,000 X 0.00135 or 67.5 volts. 
The actual voltage between plate and cathode 
is therefore the difference between the plate-
supply voltage, 300 volts, and these voltage 
drops in the load resistance, or 167.5 and 232.5 
volts, respectively. 
The varying plate voltage is an a.c. voltage 

superimposed (§ 2-13) on the steady plate-
cathode voltage of 200 volts, which was pre-
viously 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 illustration 
this difference is 232.5 — 200 or 200 — 167.5, 
or 32.5 volts. Since the grid signal voltage has 
a peak value of 2 volts, the voltage amplifica-
tion ratio of the amplifier is 32.5/2 or 16.25. 
That is, approximately 16 times as much volt-
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Fig. 306 — Behavior of the plate current of a vacuum 
tube in response to an alternating signal voltage 
superimposed on it steady negative grid voltage or bias. 
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the possible amplification. This in turn not only 
requires the use of high values of plate-supply 
voltage, but has some further disadvantages to 
be described later. 

Amplifiers in which the voltage output, rather 
than the power output, is the primary con-
sideration are called voltage amplifiers. 
Power in grid circuit — In the operation 

depicted in Fig. 306, the grid is always negative 
with respect to the cathode. If the peak signal 
voltage is larger than the bias voltage, the grid 
will be positive with respect to the cathode 
during part of the signal cycle. Grid current will 
flow during this time, and the signal source 
will be called upon to furnish power during the 
period while grid current is flowing. In many 
cases the signal source is not capable of furnish-
ing appreciable power, so that care must be 
taken to avoid " driving the grid positive." 
When dealing with small signals the source 

of signal voltage frequently has high internal 
resistance, so that a considerable voltage drop 
occurs in the source itself whenever it is called 
upon to furnish grid current. Since this voltage 
drop occurs only during part of the cycle, the 
voltage applied to the grid undergoes a change 
in waveshape because of the current flow. This 
is shown in Fig. 309, where a sine-wave signal 
is generated but, because of the internal resist-
ance of the source, is distorted at the grid of the 
tube during the time when grid current flows. 

If the internal resistance of the signal source 
is low, so that the internal voltage drop is 
negligible when current flows, this distortion 
does not occur. With such a source, it is pos-
sible to operate over a greater portion of the 
amplifier characteristic. 
Harmonic distortion— If the operation of 

the tube is not confined to a straight or linear 
portion of the dynamic characteristic, the 
waveshape of the output voltage will not be 
exactly the same as that of the signal voltage. 
This is shown in Fig. 310, where the operating 
point is selected so that the signal voltage 
swings into the curved part of the character-
istic. While the upper half-cycle of plate cur-
rent reproduces the sine-wave shape of the 
positive half-cycle of signal voltage, the lower 
half-cycle of plate current is considerably dis-
torted and bears little resemblance to the upper 
half-cycle of plate current. 
As explained in § 2-7, a non-sinusoidal wave-

shape can be resolved into a number of sine-
wave components or harmonics which are 
integral multiples of the lowest frequency 
present. Consequently, this type of distortion 
is known as harmonic distortion. Distortion 
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Fig. 307 — Amplifier operation. When the plate current 
varies in response to the signal applied to the gen f, a 
varying voltage drop appears across the load, Bp, as 
shown by the dashed curve, E,. I, is the plate current. 

age will be obtained from the plate circuit as 
is applied to the grid circuit. 

It will be observed that only the alternating 
plate and grid voltages enter into the calcula-
tion of the amplification ratio. The d.c. plate 
and grid voltages are of course essential to the 
operation of the tube, since they set the oper-
ating point, but otherwise their presence may 
be ignored. This being the case, it is possible to 
show that the tube can be replaced by an 
equivalent generator which has an internal re-
sistance equal to the a.c. plate resistance of the 
tube (§ 3-2) at the operating point chosen and 
which generates a voltage equal to the ampli-
fication factor of the tube multiplied by the 
signal voltage applied to the grid. The equiva-
lent generator, together with the load resist-
ance, R,„ is shown in Fig. 308. This simplifica-
tion enables ready calculation of the amplifica-
tion. If the generated voltage is 54E5, then the 
same current flows through r„ and Rp, and 
hence the voltage drop across Rp, which is the 
useful output voltage, is 

Rp  

= µE, 
Rp 

since R, and 7., together constitute a voltage 
divider (§ 2-6). The voltage-amplification ratio 
is given by the output voltage divided by the 
input voltage, hence dividing the above ex-
pression by E, gives the following formula for 
the amplification of the tube: 

Amplification —  + R5 

This expression shows that, to obtain a large 
voltage-amplification ratio, it is necessary to 
make the plate load resistance, R,,, large com-
pared to the plate resistance, r,, of the tube. 
The maximum possible amplification, obtained 
when R„ is infinitely larger than r„, is equal to 
the m'of the tube. A tube with a large value of g 
will, in general, give more voltage amplification 
than one with a medium or low value. How-
ever, the advantage of the high p is less than 
might be expected, because a high-a tube 
usually also has a correspondingly high value 
of r,„ so that a high value of load resistance 
must be used to realize an appreciable part of 
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Fig. 308 — Equivalent 
circuit of the vacuum-
tube amplifier. The 
tube is replaced by an 
equivalent generator 
having an internal re-
sistance equal to the 
a.c. plate resistance 
of the vacuum tube. 
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suiting from grid-current flow, described in the 
preceding paragraph, also is harmonic distor-
tion. Harmonic distortion from either or both 
causes may arise in the same amplifier. 
Harmonic distortion may or may not be 

tolerable in an amplifier. At audio frequencies 
it is desirable to keep harmonic distortion 
to a minimum, but radio-frequency amplifiers 
are frequently operated in such a way that the 
r. f. wave is greatly distorted. 
Frequency distortion — Another type of 

distortion, known as frequency distortion, oc-
curs when the amplification varies with the 
frequency of the a.c. voltage applied to the 
grid circuit of the amplifier. It is not neces-
sarily accompanied by harmonic distortion. It 
can be shown by a frequency-response curve or 
graph in which the relative amplification is 
plotted against frequency over the frequency 
range of interest. 
Resistance-coupled amplifiers — An am-

plifier with a resistance load is known as a 
"resistance-coupled" amplifier. This type of 
amplifier is widely used for amplification at 
audio frequencies. A simplified circuit is shown 
in Fig. 311, where the amplifier is coupled to a 
following tube. Since all the power output of a 
resistance-coupled amplifier is consumed in the 
load resistor such amplifiers are used almost 
wholly for voltage amplification, usually work-
ing into still another amplifier. 
A single amplifier is called a singe of ampli-

fication, and a number of amplifier stages in 
succession are said to be in cascade. 
The purpose of the coupling condenser, C., 

is to transfer to the grid of the following 'tube 
the a.c. voltage developed across and to 
prevent the d.c. plato voltage on tube A from 
being applied to the grid of tube B. The grid 
resistor, R,, transfers the bias voltage to the grid 
of tube B and prevents short-circuiting the a.c. 
voltage through the bias battery. Since no grid 
current flows, there is no d.c. voltage drop in 
Re; consequently the full bias voltage is ap-
plied to the grid. In order to obtain tho maxi-

Fig. 309 — Distortion of ap-
plied signal because of grid. 
current flow. With the oper-
ating point at 3 volts nega-
tive bias, grid current will 
flow as shown by the curve 
whenever the applied signal 
voltage is more than 3 volts 
positive. If there is appre-
ciable internal resistance, as 
indicated in the second draw-
ing, there will be a voltage 
drop in the resistance when-
ever current is flowing but 
not during the period when 
no current floss's. The signal 
will reach the grid unchanged 
so long as the instantaneous a 

voltage is less than 3 volts -3 

positive, but the voltage at 
the grid will be less than the 
instantaneous voltage when 
the latter is above this fig-
ure. The shape of the nega-
tive half-cycle is unaltered. 
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Fig. 310 — 1Tarmonic distortion resulting from rhniee 
of an operating point on the curved part of the tube 
characteristic. The lower half-cvcle of plate current doee 
not have the same shape as the grid voltage causing it. 

mum rue. voltage at the grid of tube B the 
reactance of the coupling condenser must be 
small compared to the resistance of I?„ so 
that most of the voltage will appear across R, 
rather than across C.. Also, the resistance of R, 
must be large compared to R, because, so far 
as the a.c. voltage developed in R„ is con-
cerned, R, is in parallel with R„ and therefore 
is just as much a part of R, as though it were 
connected directly in parallel with it. (The 
impedance of the plate-supply battery is as-
sumed to be negligible, so that there is no a.c. 
voltage drop between the lower end of R, and 
the common connection between the two 
tubes.) In practice the maximum usable value 
of R, is limited to from 0.5 to about 2 megolims, 
depending upon the characteristics of the tube 
with which it is associated. If the value is made 
too high, stray electrons collecting on the grid 
may not " leak off" back to the cathode rapidly 
enough to prevent the accumulation of a nega-
tive charge on the grid. This is equivalent to 
an increase in the negative grid bias, and hence 
to a shift in the operating point. 
The equivalent circuit of the amplifier now 

includes C., R,, and a shunt capacity, C„ which 
represents the input capacity of tube B and 
the plate-cathode capacity of tube A, to-
gether with such stray capacity as exists in the 
circuit. The reactance of C. will depend upon 
the frequency of the voltage being amplified, 
and, since C., is in parallel with R„ and R,, it also 
becomes part of the load impedance for the 
amplifier. At low frequencies — below 1000 
cycles or so — the reactance of C, usually is so 
high that it has practically no effect on the 
amplification, but, since the reactance de-
creases at higher frequencies, it is found that 
the amplification drops off rapidly when the 
reactance of C. becomes comparable to the 
resistance of R „ and R, in parallel. To main-
tain the amplification at high frequencies, it 
is necessary that R, be relatively small if Cs is 
large, or that C. be small if I?,, is large. 
Under the best conditions, in practice C. will 

be of the order of 15 ppfd. or more, while it is 
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possible for it to reach values as high as a few 
hundred Add. The larger values are encourt-
tered when tube B is a high-it triode, as de-
scribed in a later paragraph. Even with a low 
value of shunt capacity, the shunt reactance 

Fig. 311 — Typical resistance.eoupled amplifier circuits. 

will decrease to a comparatively low value at 
the upper limit of the audio-frequency range; 
a shunting capacity of 20 µphi., for example, 
represents a reactance of about 0.5 megohm 
at 15,000 cycles, and hence is of the same order 
as R, for the type of tubes with which such a 
low value of capacity would be associated. In 
order to secure the same amplification at high 
as at low frequencies, therefore, it is necessary 
to sacrifice low-frequency amplification by re-
ducing the value of ll„ to the point where the 
reactance of C. at the highest frequency of 
interest is considerably larger than R„. 
At radio frequencies the reactance of C. be-

comes so low that the amount of amplification 
it is possible to realize is negligible compared 
to that which can be obtained in the audio-
frequency range. The resistance-coupled am-
plifier, therefore, is used principally for audio-
frequency work. 
Impedance-coupled amplifiers — If either 

the plate resistor or grid resistor (or both) in 
the amplifier described in the preceding para-
graph is replaced by an inductance, the ampli-
fier is said to be impedance-coupled. The induct-
ance or impedance is commonly substituted for 
the plate load resistor, so that the usual circuit 
for such an amplifier is as given in Fig. 312. 

Considering the operation of the tube from 
the standpoint of the equivalent circuit of 
Fig. 308, it is evident that a voltage drop would 
exist across a reactance of suitable value sub-
stituted for the indicated load resistance, R,,, 
so long as the output of the generator is alter-
nating current. From the physical standpoint, 
any change in the current flowing through the 
inductance in Fig. 312 would cause a self-
induced e.m.f. having a value proportional to 
the rate of change of current and to the in-
ductance of the coil. Consequently, if an a.c. 
signal voltage is applied to the grid of the tube, 
the resultant variations in plate current cause 
a corresponding a.c. voltage to appear across 

the coil terminals. This induced voltage is the 
useful output voltage of the tube. 
The amplitude of the output voltage can be 

calculated, knowing the g and plate resistance 
of the tube and the impedance of the load, in 
much the same way as in the case of resistance 
coupling, except that the equation must be 
modified to take account of the fact that the 
phase relationship between current and voltage 
is not the same in an impedance as it is in a 
resistance. In practice, the plate load induct-
ance is shunted by the tube and stray capaci-
ties of the circuit as well as by its own distributed 
capacity. Since the greatest amplification will 
be secured when the load impedance is as high 
as possible, the coil usually is made to have 
sufficient inductance so that, in combination 
with these shunting capacities, the circuit as a 
whole will be parallel-resonant at some fre-
quency near the middle of the audio-frequency 
range. Under these conditions the load im-
pedance has its highest possible value, and is 
approximately resistive rather than reactive. 
The equation for amplification with resist-

ance coupling shows that, when R, is several 
times the plate resistance, ri„ a further increase 
in 1?,, results in comparatively little increase in 
amplification. The load circuit of an imped-
ance-coupled amplifier usually has an im-
pedance value quite high in comparison to the 
plate resistance of the tube with which it is 
used, so that the load impedance can vary over 
a considerable range without much effect on 
the amplification. This gives the impedance-
coupled amplifier an ampli fication vs. frequency 
characteristic which is fairly " flat" — that is, 
the amplification is practically constant with 
changes in frequency — over a considerable 
portion of the audio-frequency range. How-
ever, the performance of the impedance-coupled 
amplifier is not as good in this respect as that 
of a well-designed resistance-coupled amplifier. 

If the impedance of the load circuit is high 
compared to the plate resistance of the tube, 
which will be the case if the tube is a low-g 
triode and normal inductance values (a few 
hundred henrys) are used in the plate circuit, 

Fig. 312 — Impedance-coupled amplifier. 

the amplification in the optimum frequency 
range will be practically equal to the p of the 
tube. At lower frequencies the impedance de-
creases because of the decreasing reactance of 
the coil, while at higher frequencies the im-
pedance again decreases because of the de-
creasing reactance of the shunt capacities. 
Thus the amplification drops off at both ends 
of the range, usually more rapidly than with 
resistance coupling. 



Vacuum 5uleà 67 
• The frequency-response characteristic of the 
impedance-coupled amplifier depends consid-
erably upon the plate resistance of the tube. 
If impedance coupling is used with tubes of 
very high plate resistance, the response will be 
markedly greater at the resonant frequency 
than at frequencies either higher or lower. 
Impedance coupling can be used at radio 

frequencies, since the inductance can be ad-
justed to resonate with the shunt capacities at 
practically any desired frequency. 
Transformer-coupled amplifiers — The 

coupling impedance in Fig. 312 may be re-
placed by a transformer, connected as shown in 
Fig. 313. A.c. voltage is developed across the 
primary of the transformer in the same way as 
in the case of impedance coupling. The second-
ary of the transformer serves as a means for 
transferring the voltage to the grid of the fol-
lowing tube, and if the secondary has more 
turns than the primary the voltage across the 
secondary terminals will, in general, be larger 
than the voltage across the primary terminals. 
As in the case of impedance coupling, the 

effective capacity shunting the primary of an 
audio-frequency transformer usually causes 
the primary circuit to be parallel-resonant at 
some frequency in the middle of the audio-
frequency range. At the medium audio fre-
quencies, therefore, the voltage across the 
primary is practically equal to the applied grid 
voltage multiplied by the it of the tube. The 
voltage across the secondary will be the pri-
mary voltage multiplied by the secondary-to-
primary turns ratio of the transformer, so that 
the total voltage amplification is µ times the 
turns ratio. The amplification at low frequen-
cies depends upon the ratio of the primary 
reactance to the plate resistance of the tube, 
as in the case of impedance-coupled amplifiers. 

At some high frequency, usually in the range 
5000-10,000 cycles with ordinary transformers, 
the leakage inductance (§ 2-9) of the secondary 
becomes series resonant with the effective ca-
pacity shunting the secondary. At and near 
this resonant frequency the resonant rise in 
voltage may increase the amplification con-
siderably, giving rise to a " peak" in the 
frequency-response curve of the amplifier. At 
frequencies above this resonance point amplifi-
cation decreases rapidly, because as the re-
actance of the shunting capacity decreases it 
tends to act more and more as a short circuit 
across the secondary of the transformer. The 
relative height of the high-frequency peak de-
pends principally upon the effective resistance 
of the secondary circuit. This effective resist-
ance includes the actual resistancd of the 
secondary coil and the " reflected" (§ 2-9) plate 
resistance of the tube, this resistance being in 
parallel with the primary of the transformer. 
Consequently, the height of the peak is affected 
by the tube with which the transformer is used. 
The peak can be reduced by connecting a 0.25 
to 1 megolim resistor across the transformer 
secondary. While this helps to flatten the fre-

quency response curve, it also reduces the 
amplification at medium and low frequencies. 

Transformer coupling is most suitable for 
triodes of low or medium µ and having medium 
values of plate resistance. This is because the 
primary inductance required for good am-
plification at low frequencies is proportional to 
the plate resistance of the tube with which the 
transformer is to be used, and in practice it is 
difficult to obtain high primary inductance, a 
large secondary-to-primary turns ratio (" step-
up ratio"), and low distributed capacity in the 
windings all at the same time. Increasing the 
primary inductance usually means that the 
turns ratio must be reduced, because the in-
crease in distributed capacity as the coils are 
made larger tends to bring the resonant peak 
down to a relatively low frequency unless the 
secondary inductance is decreased to compen-
sate for the increase in capacity. The step-up 
ratio seldom is more than 3 to 1 in transformers 
designed for good frequency response. 

Fig. 313 — Trandormer.emapled amplifier. 

Transformer coupling can be used at radio 
frequencies if the transformers are properly de-
signed for the purpose. In such transformers 
either the primary or secondary (or both) is 
made resonant at the frequency to be used, so 
that maximum amplification will be secured. 

¡'hase relations in plate and grid circuits 
— When the exciting voltage on the grid has 
its maximum positive instantaneous value, the 
plate current also is maximum (§ 3-2), so that 
the voltage drop across the resistance con-
nected in the plate circuit of a resistance-
coupled amplifier likewise has its greatest 
value. The actual instantaneous voltage be-
tween plate and cathode is therefore minimum 
at the same instant, because it is equal to the 
d.c. supply voltage ( which is unvarying) minus 
the voltage drop across the load resistance. 
When the signal voltage is at its negative peak 
the plate current has its least value, with the 
result that the voltage drop in the load resist-
ance is less than at any other part of the cycle. 
At this instant, therefore, the voltage between 
plate and cathode is maximum. 

These variations in plate-cathode voltage 
constitute the a.c. output of the tube, superim-
posed on the mean or no-signal plate-cathode 
voltage. Since the alternating plate-cathode 
voltage is decreasing when the instantaneous 
grid voltage is increasing (becoming more 
positive with respect to the cathode), the out-
put voltage is less than the mean value, or 
negative, when the signal voltage is positive. 
Likewise, when the signal voltage is negative 
the output voltage is positive, or greater than 
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the mean value. In other words, the alternating 
plate voltage is 180 degrees out of phase with 
the alternating grid voltage. Thus there is 

phase reversal through the amplifier. The 
relationships should become clear from the be-
havior of the signal voltage and E, in Fig. 307. 
The same phase relationship between signal 

and output voltages holds when the amplifier 
is impedance- or transformer-coupled, in the 
frequency region where the load acts like a 
parallel-resonant circuit. However, if the load 
is reactive the phase relationship is not exactly 
180 degrees but depends upon the kind of 
reactance present and the relative amounts of 
reactance and resistance. (This is true also of 
the resistance-coupled amplifier at low fre-
quencies where the reactance of the coupling 
condenser affects the amplification, or at high 
frequencies where the reactance of the shunt-
ing capacities becomes important.) Since the 
reactance varies with the applied signal fre-
quency, the phase relationship between signal 
voltage and output voltage depends upon the 
frequency in such cases. 
Input capacity and resistance— When an 

alternating voltage is applied between the grid 
and cathode of an amplifier tube, an alternat-
•ing current flows through the small condenser 
formed by these elements (§ 3-2) just as it 
would in any other condenser. Similarly, an 
alternating current also flows in the condenser 
formed by the grid and plate, since there is an 
alternating difference of potential between 
these elements. When the tube is amplifying, 
the alternating plate voltage and signal voltage 
are effectively applied in series across the grid-
plate condenser, as indicated in Fig. 314. As 
described in the preceding paragraph, in the 
resistance-coupled amplifier the two voltages 
are out of phase with respect to the cathode, 
but inspection of the circuit shows that they 
are in phase so far as the grid-plate condenser 
is concerned. Consequently, the voltage applied 
to the grid-plate capacity is the sum of the 
alternating grid and plate voltages, or E, E,. 
Since E, is equal to A X E9, where A is the 
voltage amplification of the tube and circuit, 
the a.c. voltage between the grid and plate is 
E, ( 1 -I- A). The current, I, flowing in the 
grid-plate capacity is E, ( 1 -I- A) divided by 
the reactance of the grid-plate condenser, and 
thus is proportional to the grid-plate capacity. 
The signal voltage must help in causing this 

relatively large current to flow, and, since the 
reactance as viewed from the input circuit 

Fig. 314 — The a.c. vol age appearing between the 
grid and plate of the amp ifier is the sum of tbe signal 
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities are indicated. 

is X# = Egli, the input reactance becomes 
smaller as the current becomes larger. That is, 
the effective input capacity of the amplifier is 
increased when the tube is amplifying. From 
the above, the increase in input capacity is 
approximately proportional to the voltage am-
plification of the circuit and to the grid-plate 
capacity of the tube. The total input capacity 
is the sum of the grid-cathode capacity and this 
additional effective capacity. The total input 
capacity of an amplifier may reach values 
ranging from 50 to a few hundred micromicro-
farads, if the voltage amplification is high and 
the grid-plate capacity relatively large. Both 
usually are true in a high-si triode. 
When the load is reactive the a.c. grid and 

plate voltages still act in series across the grid-
plate condenser, but since they are not exactly 
180 degrees out of phase with respect to the 
cathode they are not exactly in phase with 
respect to the grid-plate capacity. The lack of 
exact phase relationship indicates that resist-
ance as well as capacity is introduced into the 
input circuit. Analysis shows that, when the 
reactance of the load circuit is capacitive, the 
resistance component is positive — that is, it 
represents a loss of power in the input circuit 
— and that when the load circuit hits inductive 
reactance the resistance component is negative. 
Negative resistance indicates that power is 
being supplied to the grid circuit from the plate. 
Fecd-back — If some of the amplified en-

ergy in the plate circuit of an amplifier is 
coupled back into the grid circuit, the ampli-
fier is said to have feed-back. If the voltage fed 
from the plate circuit to the grid circuit is in 
such phase that, when it is added to the signal 
voltage already existing, the sum of the two 
voltages is larger than the original signal volt-
age, the feed-back is said to be positive. Posi-
tive feed-back usually is called regeneration. If 
regeneration exists in a circuit the total am-
plification is increased because the feed-back 
increases the amplitude of the signal at the 
grid and this larger signal is amplified in the 
same ratio, giving a greater output voltage 
than would exist if the signal voltage alone 
were present in the grid circuit. Many types of 
circuits can be used to secure positive feed-
back. A simple one is shown in Fig. 315. The 
feed-back coil, L, a third winding on the grid-
circuit transformer, is connected in series with 
the primary of the transformer in the plate 
circuit, so that some of the amplified voltage 
appears across its terminals. This induces a 
voltage in the secondary, 8, of the grid-circuit 
transformer which, if the winding directions of 
the two coils are correct, will increase the value 
of signal voltage applied to the grid. 

Positive feed-back is accompanied by a 
tendency to give maximum amplification at 
only one frequency, since the feed-tiack voltage 
will tend to be highest at the frequency at 
which the original amplification is greatest. It 
therefore increases the selectivity of the ampli-
fier, and hence is used chiefly where high gain 
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and sharpness of resonance both are wanted. 

If the phase of the voltage fed back to the 
grid circuit is such that the sum of the feed-
back voltage and the original signal voltage is 
less than the latter alone, the feed-back is said 
to be negative. Negative feed-back frequently 
is called degeneration. In this case the total 
amplification is decreased, since the grid signal 
has been made smaller, and hence the amplified 
output voltage is smaller for a given original 
signal than it would be without feed-back. 
The amount of voltage fed back will depend 

upon the actual amplification of the tube and 
circuit, and if the amplification ratio tends to 
change, as it may at the extreme high or low 
frequencies in the audio-frequency range, the 
feed-back voltage will be reduced when the 
amplification decreases. For example, suppose 
that an amplifier has a voltage gain of 20 and 
that it is delivering an output voltage of 50 
volts. Without feed-back, the grid signal volt-
age required to produce 50 volts output is 
50/20 or 2.5 volts. But suppose that 10 per 
cent of the output voltage (5 volts) is fed back 
to the grid circuit in opposite phase to the 
applied grid voltage. Then, since it is still nec-
essary to have a 2.5-volt signal to produce 
50 volts output, the applied voltage must be 
2.5 5 or 7.5 volts. Now suppose that at 
some other frequency the voltage gain drops 
to 10. Then for the same 50-volt output a 5-
volt signal is required, but since the feed-back 
voltage is still 5 volts the total required signal 
is now 10 volts. With feed-back the gain in the 
first case was 50/7.5 volts or 6.66 and in the 
second case 50/10 or 5, the gain in the second 
case being 75 per cent as high as in the first. 
Without feed-back the gain in the second case 
was 50 per cent as high as in the first. The 
effect of feed-back therefore is to make the 
resultant gain more uniform, despite the tend-
ency of the amplifier itself to discriminate 
against certain frequencies. 

Negative feed-back also tends to decrease 
harmonic distortion arising in the plate circuit 
of the amplifier. This distortion is present in the 
amplified output voltage, but not in the origi-
nal signal voltage applied to the grid. The 
voltage fed back to the grid circuit contains the 
distortion but in opposite phase to the distor-
tion components in the plate circuit, hence the 
two tend to cancel each other. For similar 
reasons, the over-all amplification is less de-
pendent upon the value of load impedance used 
in the plate circuit; in fact, if a large amount of 
negative feed-back is used in an amplifier it is 
even possible to substitute tubes of rather 
widely different characteristics without much 
effect on the over-all performance. 

Both positive and negative feed-back may be 
applied over several stages of an amplifier, 
rather than being applied directly from the 
plate circuit to the grid circuit of a single stage. 
Power amplification — In the types of am-

plifiers previously described, the chief consid-
eration was that of securing as much voltage 

gain as possible within the permissible limits 
of harmonic distortion and frequency response 
characteristic. Such amplifiers are principally 
used to furnish an amplified signal voltage, 
which in turn can be supplied to a succeeding 
amplifier. If the succeeding amplifier is oper-
ated in such a way that its grid is never driven 
positive with respect to its cathode, grid cur-
rent does not flow, and hence the power re-
quirements are negligibly small. However, if an 
amplifier is used to actuate some power-con-
suming device, such as a loudspeaker or a 
succeeding amplifier in which it, is permissible 
to drive the grid into the positive region, the 
primary consideration is that of obtaining the 
maximum power output consistent with the 
permissible distortion. In such a case the volt 
age at which the power is secured is of little 
consequence, since a transformer may be used 
to change the voltage to any desired value, 
within reasonable limits. Hence, the voltage 
gain of a power amplifier is of little importance. 

In power-amplifier operation the grid may or 
may not be driven into the positive region, de-
pending upon the particular application. The 
present discussion will be confined to the triode 
amplifier operating without grid current; other 
types are considered in § 3-4. The principles 
upon which such a power amplifier operates are 
practically identical with those already de-
scribed. The chief differences between a volt-
age amplifier and a power amplifier lie in the - 
selection of tubes and in the choice of the value 
of load resistance. As previously described, if 
voltage gain is the primary consideration the 
load resistance should be as large as possible 
in comparison to the plate resistance of the 
tube. It can be shown that, in any electrical cir-
cuit, maximum power output is secured when 
the resistance of the load is made equal to the 
internal resistance of the source of power. This 
is true whether the power source is a battery, 
a generator or a vacuum tube. In the case of the 
vacuum tube the internal resistance is the 
plate resistance of the tube, so that for maxi-
mum power output the load resistance should 
be made equal to the plate resistance. How-
ever, when the tube is operated with so low a 
value of load resistance there is considerable 
harmonic distortion, and optimum power out-
put, representing an acceptable compromise 
between distortion and the power obtainable, is 
secured when the load resistance is approxi-
mately twice the plate resistance. 

Fig. 315—An e emcntary form of feed-back circuit. The 
feed-back may be either positive or negative, depending 
upon how the coil L is connected in the circuit. This type 
of circuit illustrates the principle of feed-back, but il Is 
not practical for use in an actual audio-frequency amplifier. 
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Power-amplifier circuits — The plate or 

output circuit of a power amplifier almost in-
variably is transformer-coupled to the power-
consuming device or load with which it is asso-
ciated. This is because the impedance of the 
desired load seldom is the proper value for ob-
taining optimum power output from the ampli-
fier. Consequently, the load impedance must be 
changed to a value suitable for the plate circuit 
of the amplifier tube. This can be done by 
the use of transformers, as described in § 2-9. 

Output 
Tnvaeormer 

If -ill 
Fig. 316 — An elementary power-amplifier circuit in 
which the pm er-consn eee i ll g load is coupled to the plate 
circuit through an impedance-matching transformer. 

A basic power-amplifier circuit is shown in 
Fig. 316. So long as the amplifier is operated 
entirely in the negative-grid region and no grid 
current flows, any of the previously described 
types of coupling may be used between the 
grid of the power amplifier and the preceding 
amplifier. If there is no preceding amplifier, the 
method of coupling will depend principally on 
the characteristics of the source of the signal. 

In Fig. 316 the load is represented as a re-
sistance. An actual load may have a reactance 
as well as a resistance component, but only 
the resistance will consume power (§ 2-8). 
Power amplification ratio— The ratio of 

a.c. output power to the a.c. power consumed 
in the grid circuit (driving power) is called the 
patihT amplification ratio or simply power am-
plification of the amplifier. If the amplifier 
operates without grid current the a.c. power 
consumed in the grid circuit is negligibly small, 
so that the power amplification ratio of such an 
amplifier is extremely large. With other types 
of operation the power amplification ratio may 
be relatively small, as described in § 3-4. 

Plate efficiency — The ratio of a.c. output 
power to the (I.e. power supplied to the plate 
circuit is called the plate efficiency of the amplie 
• fier. It is expressed as a percentage: 

% plate efficiency = — X 100 El 

where P is the a.c. out put power, E the plate 
voltage and 1 the plate current, the latter two 
being d.c. values. 
The plate efficiency of amplifiers designed 

for minimum distortion and a high power am-
plification ratio (operation without grid cur-
rent) is relatively low — of the order of 15 to 
30 per cent. For minimum distortion the opera-
tion must be confined to the region where the 
waveshape of the alternating plate current is 
substantially identical with that of the signal 
on the grid, and, as previously explained, this 
requirement can be met only by limiting the 

plate-current variations (that is, the alternat-
ing component of plate current) to the straight 
portion of the dynamic grid voltage vs. plate 
current characteristic. Since with a given load 
resistance the power output is proportional to 
the square of the alternating component of 
plate current, it follows that limiting the plate-
current variation also limits the power output 
in comparison to the d.c. plate power input. 

Higher plate efficiency can be secured by 
increasing the alternating component of plate 
current, but this is accompanied by increased 
distortion. Special types of amplifiers have 
been devised to compensate for this distortion, 
as described in the next section. In some appli-
cations, as in r.f. power amplification, the fact 
that the signal applied to the grid is greatly 
distorted is of no consequence, so that such 
amplifiers can have high plate efficiency. 
Power sensitivity— The ratio of a.c. power 

output to alternating grid voltage is called the 
power sensitivity of an amplifier. It provides a 
convenient measure for comparing power tubes, 
especially those designed for audio-frequency 
amplification where the operation is to be with-
out grid current, since it expresses the relation-
ship between power output and the amount of 
signal voltage required to produce the power. 
The term power sensitivity also is used in 

connection with radio-frequency power ampli-
fiers, in which case it has the same meaning as 
power amplification ratio. A tube which de-
livers its rated output power with a relatively 
small amount of power consumed in the grid 
circuit is said to have high power sensitivity. 

Parallel operation— When it is necessary 
to obtain more power output than one tube is 
capable of giving, two or more tubes may be 
connected in parallel. In this case the similar 
elements in all tubes are connected together. 
This method is shown in Fig. 317 for a trans-
former-coupled amplifier. The power output of 
a parallel stage will be in proportion to the 
number of tubes used; the exciting voltage re-
quired, 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 also is in proportion to the 
number of tubes used. 
Push-pull operation — An increase in 

power output can be secured by connecting 
two tubes in push-pull, the grids and plates 
of the two tubes being connected to opposite 
ends of the circuit as shown in Fig. 317. A 
"balanced" circuit, in which the cathode re-
turns are made to the midpoint of the input 
and output devices, is necessary with push-
pull operation. At any instant the ends of the 
secondary winding of the input transformer, 
T1, will be at opposite potentials with respect 
to the cathode connection, so that 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 stage the 
voltages and currents of one tube are out 
of phase with those of the other tube. The 
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plate current of one tube is rising while the 
plate current of the other is falling, hence the 
name " push-pull." In push-pull operation the 
even-harmonic (second, fourth, etc.) distortion 
is cancelled in the symmetrical plate circuit, so 
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 stage is twice that 
taken by either tube alone. 
The decibel — The ratio of the power levels 

at two points in a circuit such as an amplifier 
can be expressed in terms of a unit called the 
decibel, abbreviated db. The number of deci-
bels is 10 times the logarithm of the power 
ratio, or 

db. = 10 log —„ 
4-2 

The decibel is a particularly useful unit be-
cause it is logarithmic, and thus corresponds 
to the response of the human ear to sounds of 
varying loudness. One decibel is approximately 
the power ratio required to make a just no-
ticeable difference in sound intensity. Within 
wide limits, changing the power by a given 
ratio produces the same apparent change in 
loudness regardless of the power level; thus if 
the power is doubled the increase is 3 db., or 
three steps of intensity; if it is doubled again 
the increase is again 3 db., or three further dis-
tinguishable steps. Successive amplifications 
expressed in decibels can be added to obtain the 
over-all amplification. 
A power loss also can be expressed in deci-

bels. A decrease in power is indicated by a 
minus sign (e.g., — 7 db.), and an increase in 
power by a plus sign (e.g., + 4 db.). Negative 
and positive quantities can be added numeri-
cally. Zero db. indicates the reference power 
level, or a power ratio of 1. 
Applications of amplification— The ma-

jor uses of vacuum-tube amplifiers in radio 
work are for amplifying at audio and radio fre-
quencies (§ 2-7). The audio-frequency ampli-
fia. generally ¡R ogpd to amplify without dis-

PUSH- PULL 

Fig. 317 —  Parallel mid push-pull al. amplifier circuits. 

crimination at all frequencies in a wide range 
(say from 100 to 3000 cycles for voice commu-
nication), and therefore is associated with non-
resonant or untuned circuits which offer a uni-
form load over the desired range. The radio-fre-
quency amplifier, on the other hand, generally 
is used to amplify selectively- at a single radio 
frequency, or over a small band of frequencies 
at most, and therefore is associated with res-
onant circuits tunable to the desired frequency. 
An audio-frequency amplifier may be con-

sidered a brood-band amplifier; most radio-
frequency amplifiers are designed to have rela-
tively narrow bandwidths. 

In audio circuits the power tube or output 
tube in the last stage usually is designed to 
deliver a considerable amount of audio power, 
while requiring but negligible power from the 
input or exciting signal. To get the alternating 
voltage (grid swing) required for the grid of 
such a tube, voltage amplifiers are used em-
ploying high-p tubes which greatly increase 
the voltage amplitude of the signal. Voltage 
amplifiers are used in the radio- frequency 
stages of receivers as well as in audio amplifiers; 
power amplifiers are used in the radio-fre-
quency stages of transmitters. 

IQ 3-4 Classes of Amplifiers 

Reason for classification — It is convenient 
to divide amplifiers into groups according to 
the work they are intended to perform, as re-
lated to the operating conditions necessary to 
accomplish the purpose. This Ina Izes identifica-
tion easy and obviates the necessity for giving 
a detailed description of the operation when 
specific operating data are not required. 

Class A— An amplifier operated as shown 
in Fig. 306 or 307, in which the output wave-
shape is a faithful reproduction of the input 
waveshape, is known as a Class-il amplifier. 
As generally used, the grid of a Class-A 

amplifier never is driven positive with respect 
to the cathode by the exciting signal, and never 
is driven so far negative that plate-current 
cut-off is reached. The plate current is con-
stant both with and without grid excitation. 
The chief characteristics of the Class-A am-
plifier are low distortion, relatively low power 
output for a given size of tube, and a high 
power-amplification ratio. The plate efficiency 
is relatively low (§ 3-3). 

Class-A power amplifiers find application as 
output amplifiers in audio systems and as 
drivers for Class-B power amplifiers. Class-A 
voltage amplifiers are found in the stages pre-
ceding the power stage or stages in such ap-
plications, and as r.f. amplifiers in receivers. 

Class B — The Class-B amplifier is prima-
rily one in which the output current, or alter-
nating component of the plate current, is 
proportional to the amplitude of the exciting 
grid voltage. Since power is proportional to the 
square of the current, the power output of a 
Class-B amplifier is proportional to the square 
of the exciting grid voltage. 
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Fig. 318— Class-B 
amplifier operation. 

In Class- 13 service the grid bias is set so 
that the plate current is relatively low without 
grid excitation; the exciting signal amplitude is 
made such that the entire linear portion of the 
characteristic is used. Fig. 318 illustrates opera-
tion with the tube biased practically to cut-
off. In this condition plate current flows only 
hiring the positive half-cycle of excitation. No 
plate current flows during the negative half-
cycle. The shape of the plate current. pulse is 
essentially the same as that of the positive 
swing of the signal voltage. Since the plate 
current is driven up toward the saturation 
point, it is usually necessary for the grid to be 
driven positive with respect to the cathode 
during part of the grid swing. Grid current. 
flows, therefore, and the driving source must 
fttrnish power to supply the grid losses. 

Class-B amplifiers are characterized by me-
dium power output, medium plate efficiency 
(50 to 60 per cent at maximum signal), and 
a moderate ratio of power amplification. At 
radio frequencies they are used as linear am-
plifiers to raise the output power level in radio-
telephone transmitters after modulation. 
For Class-B audio-frequency amplification 

two tubes must be used, thé second tube work-
ing alternately with the first so that both halves 
of the cycle will be present in the output. A 
typical method of achieving this is shown in 
Fig. 319. The signal is fed to a transformer, 
T1, whose secondary is divided into two equal 
parts, with the tube grids connected to the 
outer terminals and the grid bias fed in at 
the center. A transformer, T2, with a similarly 
divided primary, is connected to the plates of 
the tubes. When the signal voltage in the upper 
half of T1 is positive with respect to the center 
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Fig. 319— Showing how the outputs of the two tubes 
in push-pull are combined in the Class-B audio amplifier. 

connection (center tap), the upper tube draws 
plate current while the lower tube is idle; when 
the lower half of T1 becomes positive, the 
lower tube draws plate current while the upper 
tube is idle. The voltages induced in the 
primary of T2 combine in the secondary to 
produce an amplified reproduction of the signal. 

Class AD— The similarity between the 
Class-AB amplifier, Fig. 319, and the ordinary 
push-pull circuit ( Fig. 317) will be noted. 
Actually, the only difference lies in the method 
of operation. If the bias is adjusted so that the 
tubes draw a moderate value of plate current 
with no signal, the amplifier will operate Class 
A at low signal voltages and more nearly Class 
B at high signal voltages. This method gives 
low distortion at moderate signal levels and 
high plate efficiency at high signal levels, 
making possible the use of relatively small 
tubes in audio power amplifiers. 
A further distinction can be made between 

amplifiers which draw grid current and those 
which do not. The Class-ABt amplifier draws 
no grid current and thus consumes no power 
from the driving source. The ats3-AB, am-
plifier draws grid current at higher signal levels, 
and power must be supplied to its grid circuit. 

Ater; 
o • Fig. 320— Class-C 

amplifier operation. 

Class C— The Class-C amplifier is one op-
erated so that the alternating component of 
the plate current is directly proportional to the 
plate voltage. The output power is therefore 
proportional to the square of the plate voltage. 
Other characteristics inherent to Class-C oper-
ation are high plate efficiency, high power out-
put, and relatively low power amplification. 
The grid bias is set at a value at least twice 

that required for plate-current cut-off without 
excitation. Thus plate current flows during 
only a fraction of the positive excitation 
cycle. The exciting signal should be of suffi-
cient amplitude to drive the plate current to 
the saturation point, as shown in Fig. 320. 
Since the grid must be driven far into the posi-
tive region to cause saturation, considerable 
numbers of electrons are attracted to the grid 
at the peak of the cycle, robbing the plate of 
some that it would normally attract. This 
causes the droop at the upper bend of the char-
acteristic, and also may cause the plate-current 
pulse to be indented at the top. The output 
wave-form is badly distorted, but at radio fre-
quencies the distortion is largely eliminated by 
the flywheel effect of the tuned output circuit. 
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41 3-5 Cathodes; Grid Bias 

Types of cathodes — There are two general 
types of cathodes, known as directly heated and 
indirectly heated. In the former t he heating cur-
rent is passed directly through the electron-
emitting material. usually a fine wire or fila-
ment. In the latter the electrons are emitted 
from a sleeve or thimble raised to the proper 
temperature by an electrically-separate heating 
element. as shown in Fig. 321. 

Directly-heated or filament-type cat hocks 
may be of pure tungsten, tungsten having a 
small amount. of thorium dissolved in it. or 
tungsten coated with rare earths (oxide-coated 
type). The latter give the largee amount of 
electron emission per watt of heating power. 
Thoriated tungsten filaments are intermediate 
in electron-emitting efficiency, and are used 
universally in simdl and medium-power trans-
mitting tubes. Indirectly-heated cathodes are 
invariably of the oxide-coated type. 
When directly-heated cathodes are operated 

un alternating current, the cyclic variation of 
current causes the plate current of the tube 
to vary at the supply-frequency rate, producing 
hum in the output. Hum from this source is 
eliminated in the indirectly heated cathode. 
This type is also known as the equi-potentia/ 
cathode since all of it is at the same potential. 
in contrast to the directly heated filament, 
where a voltage drop occurs along the wire. 
The source of filament poser for a directly 

heated cathode — battery or transformer — 
necessarily is directly connected to the tube 
circuit. With an indirectly heated cathode the 
source of heating power can be entirely inde-
pendent of the tube circuit. 
The operating temperature of a thoriated 

tungsten filament is fairly critical, and the 
specified filament voltage should be main-
tained within a few per cent. These filaments, 
as well as oxide-coated cathodes, eventually 
"lose emission"; that is, the emission efii-
eiency of the cathode decreases until sufficient 
electron emission for satisfactory tube oper-
ation cannot be obtained without raising the 
cathode temperature to an unsafe value. 

A B C D E 
Fig. 321 — 1 ypes (. 1 < athode construction. Directly 
heated cathodes or filaments arc shown at A, B, and É. 
The inverted V filament is used in small receiving 
tubes, the M in both receiving and transmitting tubes 
The spiral filament is a transmitting-tube type. Tice 
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. 

Cathode circuits; filament center tap — 
When a filament-type cathode is heated by 
a.c., hum can be minimized by making the two 
ends of the filament have equal and opposite 
potentials with respect to a center point, usu-
ally grounded (§ 2-13), to which the geid and 
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Fig. 322 — Filament transformer center Inflections. 

plate motu rn circuits are connected. The fila-
ment transformer winding may be center-tapped 
for this purpose, as shown in Fig. 322-A. With 
an untapped winding, a center-tapped re-
sistor of 10 to 50 ohms is used, as at B. The 
by-pass condensers, C1 and C2, are used in 
r.f. circuits to avoid having the r.f. current 
flow through the transformer or resistor. 
The heater supply for tubes with indirectly 

heated cathodes sometimes is center-tapped 
for the saine purpose; more frequently, how-
ever. one side of the heater is grounded. 
Methods of obtaining grid bias— Grid 

bias may be obtained from a source of voltage 
especially provided for that purpose, such as 
a battery or other type of d.c. power supply. 
This is indicated in Fig. 323-A. A second 
method, utilizing a cathode resistor, is shown at 
B; d.c. plate current flowing through the re-
sistor causes a voltage drop which, with the 
connections shown, has the right polarity to 
bias the grid negatively with respect to the 
cathode. The value of the resistor is deter-
mined by the bias required and the plate cur-
rent which flows at that value of bias, as found 
from the tube characteristic curves; with the 
voltage and current known, the resistance can 
be determined by Ohm's Law (§ 240: 

_ E X 1000 

L. 

where Ar = çathode bias resistor in ohms 
E = desired bias voltage 
IG = total d.c. cathode current in milli-

amperes. 
If the tube is a multi-element type, the screen-
and suppressor-grid currents should be added 
to the plate current to obtain the total cathode 
current. The control-grid current also should 
be included if the control grid is driven positive. 
The a.c. component of plate current flowing 

through the cathode resistor will cause an a.c. 
voltage drop which gives negative feed-back 
(§ 3-3) into the grid circuit, and thus reduces 
the amplification. To prevent this, the re-
sistor usually is by-passed (§ 2-13), Ce being 
the cathode by-pass condenser. To be effective, 
the reactance of the by-pass condenser must be 
small compared to at the frequency being 
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amplified. This condition generally is satisfied 
if the reactance is 10 percent or less of the 
cathode resistance. In audio-frequency ampli-
fiers, the lowest frequency at which full ampli-
fication must be secured should be used in cal-
culating the required capacity. 

Signal 

(k1/4) 

Signal 

(5) 

Signal 

(C) 

Fig. 323 — The three basic methods of obtaining grid 
bias. A, fixed bias; It, cathode bias; C, grid- leak bias. 

A third biasing method is by use of a grid 
leak, R, in Fig. 323-C. This requires that the 
exciting voltage be positive with respect to the 
cathode during part of the cycle, so that grid 
current will flow. The flow of grid current 
through the grid leak causes a voltage drop 
across the resistor, which gives the grid a nega-
tive bias. The time constant (§ 2-6) of the grid 
leak and grid condenser should be large in com-
parison to the time of one cycle of the exciting 
• voltage, so that the grid bias will be substan-
tially constant and will not follow the varia-
tions in a.c. grid voltage. For grid-leak bias, 

R E X 1000 , — 
./0 

where R„ is the grid-leak resistance in ohms, 
E the desired bias voltage and /9 the d.c. grid 
current in ma. 

For two tubes operated in push-pull or 
parallel with a common cathode- or grid-leak 
resistor, the required resistance becomes one-
half that for a single tube. In push-pull Class-A 
circuits operating at audio frequencies, it is 
unnecessary to by-pass the cathode resistor. 
In this case the a.c. component of cathode 
current in one tube is out of phase with the 
a.c. component in the other, so that the two 
cancel each other. 
The choice of a biasing method depends 
)on t he type of operation. Fixed bias usually 

is required where I he d.e. plate current of the 
amplifier varies in operation, as in Class-B 
audio-frequency amplifiers; if cathode bias is 
used the bias voltage would vary with the 

plate current. Since the plate current of a 
Class-A amplifier is constant with or without 
signal, such amplifiers almost invariably have 
cathode bias. Grid-leak bias cannot be used 
with Amplifiers operated so that the grid is 
always negative with respect to the cathode, 
since in such a case there is no grid current and 
hence no voltage drop in the grid leak. Grid-
leak bias is chiefly used for r.f. power amplifiers 
and for certain types of detectors. In power 
amplifiers, a combination of two or even all 
three types of bias may be used on one tube. 

3-6-A Multi-Grid Tubes 

Radio-frequency amplification.— As de-
scribed in § 3-4, the reactances of the grid-to-
cat hode and plat e-to-cathode capacities (to-
gether with unavoidable stray capacities) in a 
vacuum tube become very low at frequencies 
higher than the audio-frequency range. As a 
result, ordinary resistance, impedance or trans-
former coupling cannot be used at radio 
frequencies because these capacities act. as low-
reactance by-passes across the input and out-
put circuits. Hence the total impedance in 
either the plate or the grid circuit is too low 
for appreciable voltage to be developed. 

This situation can be overcome by using 
resonant circuits as impedances for radio-
frequency amplification. As described in § 2-10, 
the parallel impedance of a resonant. circuit 
can reach quite high values when the Q is high. 
Values of parallel-resonant impedance suitable 
for effective amplification are readily obtain-
able with reasonably well-designed circuits. 
The tube and stray capacities become part 
of the tuning capacity and thus are made to 
serve a useful purpose. However, the circuits 
have maximum impedance at the resonant 
frequency only, hence the amplification will 
decrease at frequencies somewhat removed 
from resonance. Thus a radio-frequency ampli-
fier must be designed for a specific frequency. 
An elementary circuit illustrating the prin-

ciples of r.f. amplification is shown in Fig. 32-1. 
The grid circuit, LICI, and the plate circuit, 
L2C2, must be tuned to the sanie frequency for 
maximum amplification. But if the plate cir-
cuit is tuned slightly to the high-frequency 
side of resonance it will show inductive re-
actance, and as described in § 3-3 energy will 
be transferred from the plate circuit to the 
grid circuit under such conditions. If enough 
energy is transferred the tube will generate a 
self-sustaining r.f. current, in which case it is 
said to be oscillating. When oscillation com-
mences the circuit ceases to amplify incoming 
signals, since it is generating a signal of its 

Fig. 324 — Elementary radio-frequency amplifier. 
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own. Unfortunately, it is almost impossible 
to prevent such oscillation in a simple triode 
amplifier such as is shown in Fig. 324. 

Special " neutralizing" circuits (§ 4-7) have 
been devised to prevent oscillation with triode 
amplifiers, but most of these are more suitable 
for use in transmitting applications, where the 
amplifier does not have to be tunable over a 
wide range of frequencies, than in receivers. 
However, oscillation can be avoided by using 
a circuit in which the feed-back is negative 
rather than positive, as indicated in the next 
pant gra ph. 
Grounded-grid amplifier— In the circuit 

of Fig. 325 the grid of the tube is connected to 
ground and the cathode is connected to the 

Cb RC 

rb icb 

+5 

Output 

Fig. 325 — Grounded-grid autplifter circuit. 

high-potential side of the input resonant cir-
cuit., reversing the usual connections. The 
output circuit is connected in the customary 
way between plate and ground. Since the 
alternating component of plate current must 
flow through the tuned input circuit to return 
to the cathode there is feed-back from the 
plate to the grid circuit, but it is negative 
rather than positive feed-back. Hence this 
coupling between the two circuits will not 
cause oscillation. 
However, it is still possible for the circuit to 

oscillate if there is capacity coupling between 
the plate and cathode. The grounded grid 
prevents this coupling by acting as a shield 
between the other two elements (§ 2-11). The 
circuit is most successful with tubes having 
very low plate-to-cathode capacity. It is used 
principally at ultra-high frequencies (where 
the screen-grid tubes described in the next. 
paragraph become ineffective as amplifierai 
with tubes designed especially for the purpose. 
The r.f. chokes in the cathode circuit are 

used to isolate the heater from ground and thus 
eliminate the effect of the capacity between 
cathode and heater. This capacity tends to 
short-circuit the tuned input circuit and thus 
prevents the amplifier from operating properly. 

Screen-grid tubes— The grid-plate capac-
ity can be eliminated, or at least reduced to a 
negligible value, by inserting a second grid 
between the control grid and the plate as indi-
cated in Fig. 326. The second grid, called the 
screen grid or shield grid, acts as an electro-
static shield (§ 2-11) between the control grid 
and plate. It is made in the form of a grid or 
coarse screen rather than as a solid metal sheet, 
so that electrons can pass through it to the 

plate; a solid shield would entirely prevent the 
flow of plate current. The screen grid is con-
nected to the cathode though a by-pass con-
denser, which has low impedance at the radio 
frequency being amplified. The electric lines 
of force from the plate terminate on the screen 
grid, very little of the field getting through to 
the control grid; similarly, the field set up by 
the control grid does not penetrate past the 
screen grid. Thus there is no common field 
between the control grid and plate; hence no 
capacity between these two tube elements. 

Since the electric field from the plate does 
not penetrate into the region occupied by the 
control grid, which is the region in which most 
of the space charge is concentrated, the plate is 
unable to exert an attraction upon the elec-
trons in this region. Consequently, the plate 
voltage cannot control the flow of plate current 
as it does in a triode. In order to get electrons 
to the plate, it is necessary to apply a positive 
potential ( 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 veloc-
ity, so that most of them shoot between the 
screen wires into the field from the plate. Those 
that pass through and are attracted to the 
plate constitute the plate current of the tube. 
A certain proportion do strike the screen, 
however, with the result that some current 
also flows to the screen grid. The screen cur-
rent will be low compared to the plate current 
in a telrodc, or four-element tube, however. 
Secondary emission— When an electron 

traveling at appreciable velocity through a 
tube strikes the plate it dislodges other elec-
trons. These "splash" from the plate into the 
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Fig. 326— Representative arrangement of elements 
in a screen-grid tube, with front part of plate and screen. 
grid cut away. The screen grid usually is made longer 
than either the control grid or plate, so that the shielding 
will be as effective as possible. In this drawing the con-
trol grid Connection is made through a cap on the top of 
the tube, thus eliminating the capacit y which would ex-
ist between the plate and grid lead is ires if both passed 
through the base. Some modern tubes s% hich have both 
leads going through the base use special shielding and 
construction to eliminate capacity. Svmhols for pentode 
and tetrode tubes: II, heater; C, cathode; C, control 
grid; P, plate; S, screen grid; Sup., suppressor grid. 
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interelement space, a phenomenon called sec-
ondary emission. In a triode ordinarily oper-
ated with the grid negative with respect to 
cathode, secondary electrons are repelled back 
into the plate and cause no disturbance. In 
the screen-grid tube, however, the positively 
charged screen attracts the secondary elec-
trons, causing a reverse current to flow be-
tween screen and plate. The effect is particu-
larly marked when the plate and screen 
potentials are nearly equal, which may be the 
case during the part of the a.c. cycle when the 
instantaneous plate current is large and the 
plate voltage low (§ 3-3). 
Pentode tubes— To overcome the effects of 

secondary emission, a third grid, called the 
suppressor grid, may be inserted between the 
screen and plate. This grid, which is connected 
directly to the cathode, repels the relatively 
low-velocity secondary electrons. They are 
driven back to the plate without appreciably 
obstructing the regular plate-current flow. 

Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current flow, it is quite ob-
vious that the control grid still can control the 
plate current in essentially the same way that 
it does in a triode, since the control grid is still 
in the space-charge region. Consequently, the 
grid-plate transconductance (or mutual con-
ductance) of a tetrode or pentode will be of the 
same order of value as in a triode of corre-
sponding structure. On the other hand, since 
the plate voltage has very little effect on the 
plate-current flow, both the amplification factor 
and plate resistance of a pentode or tetrode are 
very high, as is apparent from the definitions of 
these constants (§ 3-2). In small receiving 
pentodes the amplification factor is of the 
order of 1000 or higher, while the plate re-
sistance may be from 0.5 to 1 or more meg-
ohms. Because of the high plate resistance, 
the actual voltage amplification possible with 
a pentode is very much less than the large am-
plification factor might indicate. In resistance-
coupled audio-frequency amplifiers, voltage 
amplification or gain of 100 to 200 is typical. 
A typical set of characteristic curves for a 

small pentode is shown in Fig. 327. That the 
plate voltage has little effect on the plate cur-
rent is indicated by the fact that the curves are 
practically horizontal once the plate voltage is 
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high enough to prevent the electrons in the 
space between the screen grid and the plate 
from being attracted back to the screen. The 
plate potential at which this occurs is less than 
the screen potential, because the electrons 
entering the space have considerable velocity 
and hence tend to move away from the screen 
despite the fact that it has a positive charge. 

In addition to their applications as radio-
frequency amplifiers, pentode or tetrode acreen 
grid tubes also can be constructed for audio-
frequency power amplification. In tubes de-
signed for this purpose the shielding effect of 
the screen grid is not so important; the chief 
function of the screen is to serve as an ac-
celerator 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 (§ 3-4) compared to triodes 
of the same power output, because the amplifi-
cation factor of an equivalent triode has to be 
made quite low in order to secure the same 
plate current at the same plate voltage. Be-

-cause of the low g, the triode requires a rela-
tively large signal voltage for full output, hence 
has low power sensitivity. The harmonic dis-
tortion is somewhat greater with pentodes and 
tetrodes than with triodes, however. 

Variable-mu and sharp cut-off tubes — 
Receiving screen-grid tetrodes and pentodes 
for radio-frequency voltage amplification are 
made in two types, known as sharp cut-off 
and variable-a or " super-control" types. In 
the sharp cut-off type the amplification factor 
is practically constant regardless of grid bias, 
while in the variable-ii type the amplification 
factor decreases as the negative bias is in-
creased. The purpose of this design is to permit 
the tube to handle large signal voltages with-
out distortion in circuits in which grid-bias 
control is used to vary the mutual conductance, 
and hence the amplification. 
The way in which mutual conductance 

varies with grid bias in two typical small re-
ceiving pentodes, similar except in that one is 
a sharp cut-off type and the other a variable-ii 
type, is shown in Fig. 328. Obviously, the vari-
able-ii type can handle a much larger signal 
voltage without swinging beyond either the 
point of zero grid bias or of plate-current cut-
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off (zero mutual conductance), if the bias is 
properly chosen. 
Beam tubes— A " beam"-type tube is a 

tetrode with grids so constructed as to form the 
electrons traveling to the plate into concen-
trated beams, resulting in higher plate effi-
ciency and power sensitivity. Suitable design 
also overcomes the effects of secondary emis-
sion without the necessity for a suppressor 
grid. Tubes constructed on the beam principle 
are used in receivers as both r.f. and audio 
amplifiers, and are built in larger sizes for 
transmitting circuits. 

',Our 

- e 

Fig. 329 — Pentode r.f. amplifier circuit. MCI and 
L2C.2 are tuned to the same frequency. RI is the cathode 
resistor, by-passed for r.f. by CS. R2 is the screen voltage-
dropping resistor, by-passed by G.1. Ca is the plate by-pass. 

e 
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e 3-6-B Pentode Amplifiers 

R.F. amplification— A fundamental cir-
cuit for radio-frequency amplification with a 
pentode tube is shown in Fig. 329. The grid 
and plate circuits may be tuned to the same 
frequency, thus obtaining maximum ampli-
fication, without danger of oscillation provided 
there is no feed-back coupling between the 
tuned circuits themselves. Practical variations 
of this circuit and their application to receivers 
are discussed in § 7-6 and § 7-11. 
A.F. amplification— Receiving-type pen-

todes frequently are used as voltage amplifiers 
for audio frequencies, using the circuit shown 
in basic form in Fig. 330. In this application 
they are capable of much higher voltage gain 
than can be obtained from triodes, and have 
the advantage that since there is no coupling 
from plate to grid there is no increase in input 
capacity with amplification (§ 3-3). For the 
latter reason it is possible to obtain high gain, 
in resistance-coupled itiLplifior;, at ennsider-
ably higher frequencies than is possible with 
a triode. 
The discussion of amplification in § 3-3 

applies equally to pentodes and triodes, with 
the exception that the plate resistance of a 
pentode is so high that the amplification is 

- + 
Fig. 330 — Typical pentode audio-frequency a in ',Wier. 

usually considered to be proportional to the 
plate load resistance alone. For maximum 
voltage gain, R,, should have as high resistance 
as possible without causing too great a voltage 
drop. Values range from 0.1 to 0.5 rnegohm. 
The value of Re depends upon R,„ which 
principally determines the plate current.Values 
for the screen resistor, R., may vary from 0.25 
to 2 megohms. A screen by-pass condenser 
(C.) of 0.1 ;dd. will be adequate in most cases. 
Table I in Chapter Fourteen shows suitable 

values for the more popular types of amplifier 
tubes. The calculated stage gain and peak un-
distorted output voltage also are given. 

Plate amid screen voltage— Since the d.c. 
plate current flows through any resistance 
placed in the plate circuit of a tube as a load 
or coupling medium (§ 3-3), the actual voltage 
at the plate is less than the supply voltage by 
the voltage drop across the total resistance. 

With transformer coupling this effect is not 
ordinarily of great importance, because the in-
ductance of the transformer primary provides 
a high-impedance load at audio frequencies, 
while the d.c. resistance of the winding causes 
only a small drop in d.c. plate voltage. 

In a resistance-coupled or parallel-fed stage 
the operating voltage is less than the supply 
voltage by the drop through the load resistor, 
R,,. Thus, in Fig. 331-A, E, E5 (Ip X 111,). 

Screen voltage is determined in the same way, 
using the screen current, I. to calculate the 
drop across the screen dropping resistor, R.. 

IF 

Fig. 331— Calculation of plate and 

In Fig. 331-B both plate and screen current 
flows through a common filter resistor, so that 
both currents must be added in calculating the 
voltage drop across Rf. Thus 

E,, = E5 — ( 1,, I.) ( RI) — I„R,, 
E. =-• Et. — ( I,, lo) (RI) — I.R.. 

In Fig. 331-C, tlfe screen voltage, E„ is ob-
tained from a tap on a voltage divider consist-
ing of R. and 125. Assume a value of bleeder 
current, lb ( 8-4). Then R5 = Es/lb, where 
E, is the rated screen voltage. The total cur-
rent, I„, is the sum of /b and I.. The voltage 
across R. is the difference between the supply 
voltage and E.. Hence IL = (E5 — 
E,, is determined as above. 
The resistance-capacity filter (§ 2-11) in 

Fig. 332, CfRi, is a decouplinj circuit which 
isolates the stage from the power supply, to 
eliminate unwanted coupling between stages 
through the common impedance of the power 
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supply. Although shown in connection with a 
triode amplifier in the diagram, the saine type 
of filter is used with pentodes. 

Wide-band amplifiers— Amplificat ion of 
audio frequencies, which extend from about. 50 
to 15,000 cycles, presents no particularly diffi-
cult problems $0 long as the design points 
discussed in § 3-3 are observed. However, for 
amplifying signals such as television signals or 
pulses having a time duration of only a few 
millionths of a second it is necessary to extend 
the frequency response of the amplifier well 
beyond the audio frequency range — and even 
well into the medium radio-frequency range. 
At the same time it is frequently necessary to 
extend the lower frequency limit, of the ampli-
fier as well. This extension of range is made 
possible by the use of compensating circuits. 
Low-frequency compensation— While the 

amplitude response of a resistance-coupled 
amplifier usually is satisfactory at low fre-
quencies, the phase angle introdueed by the 
output coupling condenser and the next-stage 
grid resistor is sufficient to prevent proper re-
producti(m of low-frequency square waves un-
less very large values are employed. Yet surh 

large values increase 
the shunt capacity to 
ground, introduee 
grid-current difficul-
ties in the following 
stage, and may even 
induce relaxation 
oseillations ( motor-
boat hug). 
The effect of the 

time constant of 
CO2RG2, Fig. 333, may be eompensated for by 
proper design of the amplifier plate circuit. The 
design equation is CFRp = CG2RG2 provided the 
resistance of the decoupling resistor, Rp, is at 
least 10 times the reactance of CF at the low-
est frequency to be amplified. 
High-frequency compensation — It was 

brought out in § 3-3 that the capacities shunt-
ing the plate load resistor are responsible for 
loss of amplification at the high frequencies 
in a resistance-coupled amplifier. If the plate 
load resistor is made low enough in value, the 
effect of the shunting capacities will be mini-
mized and the upper frequency range will be 
extended, but at, the expense of gain at the 
lower frequencies. Reducing the plate load 
resistance to a value low enough to extend the 
range of uniform amplification to a few mega-
cycles would be impractical with ordinary 
tubes, since there would be little or no voltage 
gain, but it is quite practicable with special 
high-transconductance pentodes such as the 
6AC7 and tiAG5. These tubes will give voltage 
gains of 10 to 15 with plate load resistances 
as low as a few thousand ohms. 
A further extension of high frequency re-

sponse can be secured by special compensating 
circuits. The most widely-used method is the 
shunt-peaking circuit, with a resonating (peak-

Fig. 332 — Decoupling in a 
resistance-coupled amplifier. 

- 

Fig. 333 — Wide-band frequency-compensated amplifier. 

ing) inductance in parallel with the circuit 
capacity, as shown in Fig. 333. By resonance 
effects this raises the impedance to an extent 
and over a frequency range determined by the 
Q of the circuit consisting of L, Rp and Ch 
Since Up is relatively large for a resonant 
circuit., the Q is fairly low and the resonance 
curve is quite broad. This is desirable for an 
amplifier intended for wide-band applications. 
The design values of L and Rp are based on the 
shunt capacity, CI, and the maxiinum required 
frequency, can be estimated by adding 
3 to 5 mpfd. (for socket. and wiring) to the sum 
of the tube input and output capacities. 
The reactance of L is made one-half the 

reactance of Cg at This is equivalent to 
making the resonant frequency between L and 
C1 equal to 1.41 times bser. 

Simplified design equations for shunt peak-
ing compensation are as follows: 

1 
/tp - 

271:1;mcCe 

L 0.5Cen,,2 

Typical values of Up aire from 2000 to 
10,000 ohms; of L, from 25 to 100 ph. 
Cathode follower — The cathode-coupler or 

cathode follower shown in Fig. 334, differs from 
a conventional a mplifier in that output is 
taken from the cathode circuit rather than 
from 1 he plate. The circuit is applicable wher-
ever matching to a low value of load impedance 
(fifty to several hundred ohms) is required and 
the tuse of a transformer is impractieable, as 
in wide-band amplifiers. Because the cathode 
follower is inherently degenerative, it is par-
ticularly useful wherever equalized frequency 
response and minimum phase shift are impor-
tant. Power amplification comparable to that 
of an equivalent plate-coupled stage may be 
secured, but the voltage gain is always less 
than unity. 

, .5 

certput 

Fig. 334— Cathode follower or inverted amplifier cir-
cuits. A, direct-coupled output; C, resistance-capacity 
coupiiug to load. it. is the usual cathode-bias resistor. 
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3-6-C Special-Purpose Tubes 

Multi-purpose types— A number of com-
bination types of tubes have been constructed 
to perform multiple functions, particularly in 
receiver circuits. For the most part these are 
multi-unit tubes made up of individual tube 
element structures, combined in a single bulb 
for compactness and economy. Among the 
simplest are full-wave rectifiers, combining 
two diodes in one envelope, and twin triodes, 
consisting of two triodes in one bulb for 
Class-B audio amplification. More complex 
types include duplex-diode triodes, duplex-
diode pentodes, converters and mixers ( for 
superheterodyne receivers), combination power 
tubes and rectifiers, and so on. In many cases 
the nature can be identified by the name. 
Mercury-vapor rectifiers— For a given 

value of plate current, the power lost in a diode 
rectifier (§ 3-1) will be lessened if it is possible 
to decrease the plate-cathode voltage at which 
the current is obtained. If a small amount of 
mercury is put in the tube, the mercury will 
vaporize when the cathode is heated, and, 
further, will ionize (§ 2-4) when plate voltage is 
applied. The positive ions neutralize the space 
charge and reduce the plate-cathode voltage 
drop to a practically constant value of about 15 
volts, regardless of the value of plate current. 
Since this voltage drop is smaller than can be at-
tained with purely thermionic conduction, there 
is less power loss in the rectifier. Voltage drop 
is constant despite variations in load current. 
Mercury-vapor tubes are widely used in recti-
fiers built to deliver large power outputs. 

Grid-control rectifiers— If a grid is in-
serted in a mercury-vapor rectifier it is found 
that with sufficient negative grid bias it is 
possible to prevent plate current from flowing, 
but only if the bias is present before plate volt-
age is applied. If the bias is lowered to the 
point where plate current can flow, the mer-
cury vapor will ionize and the grid will lose 
control of plate curretit, since the space charge 
disappears when ionization occurs. It can as-
sume control again only after the plate voltage 
is reduced below the ionizing potential. The 
same phenomenon also occurs in triodes filled 
with other gases which ionize at low pressure. 
Grid-control rectifiers or thyratrons find con-
siderable application in " electronic switching." 

C. 3-7-A Oscillators 

Self-oscillation— An amplifier tube can be 
made to generate a sustained radio-frequency 
current (§ 3-64) . because more energy is de-
veloped in the plate circuit than is required 
in the grid circuit. If enough energy is fed back 
from the plate to the grid, the feed-back 
process becomes independent of any applied 
signal voltage. '1'lle tube supplies its own grid 
excitation and continuous oscillations are gen-
erated. The actual energy required to over-
come the grid losses is, in the end, taken from 
the d.c. plate supply. 

The process of oscillation may also be con-
sidered from the standpoint of negative resist-
ance. As previously described (§ 3-3), positive 
feed-back is equivalent to shunting a negative 
resistance across the input circuit of the tube. 
When the value of negative resistance becomes 
lower than the positive resistance of the circuit 
(if the circuit is parallel resonant the positive 
resistance will be the resonant impedance of 
the circuit) the net resistance is negative, indi-
cating that the circuit can be looked upon as a 
source of energy. Such a source is capable of 
maintaining a constant voltage which can be 
amplified by the tube. The actual energy, of 
course, comes from the plate circuit of the tube, 
so that the two viewpoints are equivalent. 
A circuit having the property of generating 

continuous oscillations is called an asciffator. 
It is not necessary to apply external excitation 
to such a circuit, since any random variation in 
current will be amplified to cause oscillation. 
The frequency of oscillation will be that at 
which the feed-back voltage has the proper 
phase and amplitude. Where resonant circuits 
are associated with oscillators, the oscillation 
frequency is very nearly that of the tuned circuit. 

Excitation and bias— The excitation volt-
age required depends upon the characteristics 
of the tube and the losses in the grid circuit. 
In practically all oscillators the grid is driven 
posit ive during part of the cycle, so that power 
is consumed in the grid circuit (§ 3-2). This 
power must be supplied from the plate circuit. 
With insufficient excitation, the tube will not 
oscillate; with over-excitation, the grid losses 
(power consumed in the grid circuit) will be 
excessive. 

Oscillators customarily are grid-leak biased 
(§ 3-5). This takes advantage of the grid-cur-
rent flow and gives better operation, the bias 
adjusting itself to the excitation voltage. 
Tank circuit.— The resonant circuit asso-

ciated with the oscillator is commonly called 
the tank circuit, a name derived from the 
storage of energy associated with a resonant 
circuit (§ 2-10). The term is applied to any 
resonant circuit in transmitting applications, 
whether in an oscillator or in an amplifier. 

Plate efficiency— The plate efficiency (§ 3-3) 
of an oscillator depends upon the load resist-
ance, excitation and other operating factors. 
Usually it is around 50 per cent. It is not as 
high as in an amplifier, since the oscillator must 
supply its own grid losses. These may represent 
10 to 20 per cent of the output power. 
Power output— The power output of an 

oscillator is the useful a.c. power consumed 
in any load connected to the oscillator. The 
load may be coupled as described in § 2-11. 
Frequency stability— The frequency sta-

bility of an oscillator is its ability to maintain 
constant frequency. The more important fac-
tors which may 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 
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elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacities (§ 3-2). Since these are unavoidably 
part of the tuned circuit, the frequency will 
change correspondingly. Temperature changes 
in the coil or condenser will alter their induct-
ance or capacity slightly, again causing a shift 
in the resonant frequency. These effects are 
relatively slow in operation, and the frequency 
change caused by them is called drift. 
Load variations act in much the same way as 

plate voltage variations. A temperature change 
in the load may also result in drift. 

Plate-voltage variations will cause a cor-
responding instantaneous shift in frequency; 
this type of frequency shift is called dynamic in-
stability. Dynamic instability can be reduced 
by using a tuned circuit of high effective Q. 
Since the tube and load represent a relatively 
low resistance in parallel with the circuit, this 
means that a low L/C ratio (" high-C") must 
be used (§ 2-10) and that the circuit should be 
lightly loaded. Dynamic stability also can be 
improved by using a high value of grid leak, 
which gives high grid bias and raises the ef-
fective resistance of the tube as seen by the 
tank circuit, and by using relatively high plate 
voltage and low plate current. Drift can be 
minimized by keeping the d.c. input low for the 
size of tube, by using coils of large wire to pre-
vent undue temperature rise, and by providing 
good ventilation to carry off heat rapidly. A 
low L/C ratio in the tank circuit is desirable, 
because the interelectrode capacity variations 
have proportionately less effect on the fre-
quency when shunted by a large condenser. 

Mechanical variations, usually caused by 
vibration, cause changes in inductance and/ 
or capacity which in turn cause the frequency 
to "wobble" in step with the vibration. 

Mechanical instability can be minimized by 
using well-designed components and by in-
sulating the oscillator from mechinical vibra-
tion. 

411. 3-7-B Feed-Back Oscillators 

Magnetic fefd-back — One form of feed-
back is by electromagnetic coupling between 
.plate (output) and grid ( input) circuits. Two 

representative 
circuits of this 
type are shown 
in Fig. 335. That 
at A is called the 
tickler circuit. 
The amplified 
current flowing 
in the " tickler," 
L2, induces a 
voltage in Li in 

(8) the proper phase 
when both coils 
are wound in the 
same direction 
and connected 
as shown in the 

tal 

CI .0 

Fig. 335 -- Two types of oscilla-
tor circuits with magnetic feed-
Lad:. A, grid tickler; B, Hartley. 

Cho e 

to 

diagram. The feed-back can be adjusted by 
adjusting the coupling between L1 and 14. 
The Hartley circuit, B, is similar in principle. 

There is only one coil, but it is divided so that 
part of it is in the plate circuit and part in the 
grid circuit. The magnetic coupling between 
the two sections provides the feed-back, which 
can be adjusted by moving the tap on the coil. 

Capacity feed-back— The feed-back can 
also be obtained through capacity coupling, as 
shown in Fig. 336. In A, the Ce/pitts circuit, 
the voltage across the resonant circuit is di-
vided, by means of the series condensers, into 
two parts. The instantaneous voltages at the 
ends of the circuit are opposite in polarity with 
respect to the cathode, hence in the right phase 
to sustain oscillation. The tuned-grid tuned-
plate circuit at B utilizes the grid-plate ca-
pacity of the tube to provide feed-back cou-
pling. There should be no magnetic coupling 

between the two 
efeeke 

Cb tuned-circuit •1 
coils. Feed-back 
can be adjusted 

> by varying the 
tuning of either 
the grid or plate 
circuit. The cir-
cuit with the 
higher Q (§ 2-10) 
determines t he 
frequency of os-
cillation. The 
plate circuit 
must be tuned 
to a slightly 
higher frequency 
than the grid cir-
cuit, so that it 
will have induc-
tive reactance 
and hence give 
positive feed-
back (§ 3-3). 
The amount of 

detuning is so small it is customary to as-
sume that the circuits are tuned to the same 
frequency. 
The nitra odian circuit at C is equivalent to 

the Colpitts, with the voltage division for 
oscillation brought about through the grid-to-
filament and plate-to-filament capacities of the 
tube. In this and in the Collets circuit, the feed-
back can be controlled by varying the ratio 
of the two capacities. In the ultraudion circuit, 
this can be done by connecting a small variable 
condenser between grid and cathode. Feed-
back decreases with increasing capacity. 
The electron-coupled oscillator — The 

effects of loading and coupling to the next 
stage can be greatly reduced by use of the 
electron-coupled circuit, in which a screen-grid 
tube ( 3-5) is so connected that its screen 
grid is used as a plate, in conjunction with the 
control grid and cathode, in an ordinary 
triode oscillator circuit. The screen is operate! 

(A) 

(13) 

Fig. 336 — Capari t) feegl-baek o. 
eillators. A, Colpitts; 13, tuned-
plate tuned-grid; C, ultraudion. 

Ir 
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at ground r. f. potential (§ 2-13) to aot as a shield 
between the actual plate and the cathode and 
control grid; the latter two elements therefore 
must be above ground potential. Vie out-

(A) 

- + 
Fig. 337— Electron-coupled oscillator circuit. 

put is taken from the plate circuit. Under these 
conditions the capacity coupling (§ 2-11) be-
tween the plate and other ungrounded tube 
elements is quite small, hence the output 
power is secured almost entirely by variations 
in the plate current caused by the varying 
potentials on the grid and cathode. Since in a 
screen-grid tube the plate voltage has a rela-
tively small effect on the plate current, the 
reaction on the oscillator frequency for differ-
ent conditions of loading is small. 
A Hartley circuit is used in the frequency-

determining portion of the oscillator shown 
in Fig. 337, where LiCI is the oscillator tank 
circuit. The screen is grounded for r.f. through 
a by-pass condenser (§ 2-13), but has the 
usual d.c. potential. The cathode connection 
is made to a tap on the tank coil to provide 
feed-back. The resonant plate circuit, L2C2, 
is tuned either to the oscillation frequency or 
to a harmonic. Untuned output coupling also 
may be used; the output voltage and power are 
considerably lower, but better isolation be-
tween oscillator and amplifier is secured. 

If the oscillator tube is a pentode having an 
external suppressor connection the suppressor 
grid should be grounded. This provides addi-
tional internal shielding and further isolates the 
plate from the frequency-determining circuit. 
Franklin oscilla tor — The Franklin oscil-

lator (limit of Pig. 338. pepular abroad, has 
characteristics similar to the e.c.o. A high-gain 
feed-back amplifier is very loosely coupled to a 
tank circuit. LC, via two condensers, C1 and 
C2, of extremely small capacity. So weak is the 
coupling that the tube circuit has negligible 
effect upon the frequency-controlling tank. 

Oat,oat. 

Ir 
e5 

Fig. 338 — Franklin maeter-oacillator circuit. 
CI, C2 — Approsimately 1 to 2-aufd. (adjustable). 
C, — 1{ 5. R9 — 50,000 ohms. 

Crystal oscillators— Sine° a properly cut 
quartz crystal is equivalent to a high-Q tuned 
circuit (§ 2-10), it may be substituted for a con-
ventional tuned circuit in an oscillator to con-
trol the frequency of oscillation. A simple crys-
tal oscillator circuit is shown in Fig. 339. It is 
similar to the tuned-plate tuned-grid circuit 
except that a crystal is substituted for the 
resonant grid circuit. Detailed information on 
crystal oscillators is given in Chapter Four. 

Series and parallel feed— A circuit such as 
the tickler circuit of Fig. 335-A is said to 
be series fed because the source of plate voltage 
and the r.f. plate circuit (the tickler coil) are 
connected in series; hence the d.c. plate current 
flows through the coil to the plate. A by-pass 
(§ 2-13) condenser, C5, is connected across the 
plate supply to shunt the r.f. current around 
the power source. Other examples of series 
plate feed are shown in Figs. 336-B and 337. 

In some Cases the source of plate power must 
be connected in parallel with the tuned circuit 
to provide a direct-current path to the plate. 
This is illustrated in Fig. 335-H, where it would 
be impossible to feed the plate current through 
the coil because there is a direct connection be-
tween the coil and cathode. Hence the voltage 
is applied to the plate through a radio-fre-
quency choke, which prevents the r.f. current. 

Fig. 339 — Simple crystal 
Oscillator circuit. Many 
variations of this basic cir-
cuit are used in practice. 

from flowing to the plate supply and thus 
short-circuiting the oscillator. The blocking 
condenser, Cb, provides a low-impedance path 
for radio-frequency current flow but is an open 
circuit for direct current (§ 2-13). Other ex--
amples of parallel feed are shoe n in Figs. 
336-A and 3:i6- C. 

Values for the r.f. chokes, by-pass and block.-
ing condensers shown will be determined by 
the considerations outlined in § 2-13. 

411 3-7-C Negative Resistance Oscillators 

Negative-resistance oscillations — In ad-
dition to its ability to simulate negative 
resistance by feed-back (§ 3-7-A), a vacuum 
tube can in itself be made to show negative 
resistance by a number of arrangements of 
electrode potentials. When a tube so operated 
is connected to a parallel-resonant circuit, 
oscillation will be established if the negative 
resistance is less than the parallel impedance 
of the resonant circuit. Typical oscillator cir-
cuits are shown in Fig. 340. 
The circuit of Fig. 340-A is that of the 

dynatron oscillator, which functions because 
of the secondary emission from the plate oo-
curring in certain types of screen-grid tetrodes. 
The simplest but also the least stable of the 
negative-resistance or two-terminal oscillators, 
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it makes use of the fact that the plate current 
of a screen-grid tetrode decreases when the 
plate voltage is increased at certain values of 
screen voltage, giving a negative plate-resist-
ance characteristic. 

In the negative-transconductance or trans-
itron circuit 
shown in Fig. 
340-B, nega-
tive resistance 
is produced by 
virtue of the 
fact that, if the 
suppressor grid 
of a, pentode is 
given negative 
bias, electrons 
which nor-
mally would 

(B) , 11111 MI pass through 

(A) 

Fig. 3.10 — Negative-resistance 
oscillator circuits. A, dynatron; 

B, transitron. 

to the plate 
are turned 
back to the 
screen, thus 
increasing the 

:screen current and reversing normal tube ac-
tion (§ 3-2). The negative resistance produced 
between the screen and suppressor grids is 
sufficiently low so that. ordinary tuned circuits 
will oscillate readily up to 15 Mc. or so. 

«1 3-7-D Other Types of Oscillators 

Resistance-capacity tuning— It. is possible 
to replace the LC resonant. circuit in an os-
cillator by a resistance-capacit y combination 
having an appropriate tinte constant, in which 
easel = 1/2rRe. Moreover, by varying eit her 
R or C the circuit. can be tuned over a wide 

ran ge in 
t he saine 
in 
as an LC 
circuit,. 
The two 

more com-
mon cir-
cuits of 
this type 
are shown 
in Fig. 
341. The 
single-
stage Re-
tuned os-
cillator at 
A has a 
three-sec-
tion phase-
shifting 
network 

connected between output and input., so ar-
ranged that just enough signal is fed back ISO' 
out of phase at the desired frequency to sustain 
oscillation. By careful feed-back adjustment, 
excellent sine-wave form with good frequency 
stability may be obtained. 

(A) 

Fig. 341 — Resistance-capacity oscilla-
tors. A, phase.shif t. B, negative feed-back. 

The two-tube /W-tuned circuit at B is 
derived from a two-stage cascade resistance-
coupled amplifier with pentode tubes, the 
second tube constituting the phase-shifting 
element supplying a regenerative signal to the 
adjustable C, CI and R1 combination at the 
desired frequency, while at all other frequencies 
the circuit is degenerative. 

Phase-shift oscillators are most useful at 
audio frequencies, although they can be made 
to operate up to about. 50 kc. 
Relaxation oscillators— There is another 

basic category of oscillators, the relaxation 
type, in which the oscillation frequency is con-
trolled not by a resonant circuit but by the 
reciprocating change of a current or voltage 
through the charging or discharging of a 
condenser when a certain critical value is 
reached. Relaxation oscillation requires, first, 
a means for 
charging a 
condenser (or 
ot her reactive 
element.) at a 
uniform rat e 
and, second, 
means for 
rapidly dis-
charging this 
condenser 
once a pre-
determined 
voltage has 
been built up 
across it. The 
action is char-
acterized by 
a period of 
rapid change 
or instability 
followed by a 
period of tela-
live quies-
cence or sta-
bility during 
which the 
stored- up 
energy transferred or otherwise dissipated in 
the circuit. 

Relaxation oscillators have high harmonic 
content (nonsinusoidal output) and are inher-
ently unstable, permitting ready synchroniza-
tion with an external controlling voltage. 

In the circuit of Fig. 342-A, the operation is 
based on the reversed screen-current or dyna-
tron characteristic of a pentode tube, the 
frequency being determined by the rate at 
which the feed-back condenser, C, discharges 
through the tube. Apart from the frequency-
controlling mechanism, this circuit resembles 
that of the transitron oscillator ( Fig. 340-B). 
The alternative pentode circuit, at B has the 

frequency-controlling elements, C and R, in 
the plate circuit. It is capable of operation at 
frequencies up to several hundred kilocycles, 
and affords greater control of wave form. 

+£4 
Fig. .342 — Typical relaxation os-
cillators. A, -,lynatron"-type pen-
tode circuit it, high-frequency pen-
tode circuit. C, squegging oscillator. 

£_ • 
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Operation of the squegging oscillator at C is 

based on the tendency of any oscillator with 
excessive feed-back to produce relatively low-
frequency intermittent oscillations, controlled 
by the rate of charge and discharge of 1.2, C 
and R through the tube grid resistance, if t he 
time constant of the combination is large 
compared to the normal period of oscillation. 
The most versatile relaxation oscillator cir-

cuit of all, shown in Fig. 343. is known as the 
multivibrator. Two tubes are used with resist-
ance coupling, the output of one tube being 
fed to the input circuit of the other. The 
frequency of the resulting oscillation is de-
termined by the time constants (§ 2-6) of the 
resistance-capacity combinations. The princi-
ple of oscillation is that of .alternately switch-
ing conduction from one tube to the other, with 
one grid at cut-oil and the other at zero bias, so 
that continuous oscillation is maintained, the 
second tube being necessary to obtain the 
proper phase relationship (§ 3-3) for oscillation 
when the energy is fed back. 

Alt hough the n nth ivibrator is a very unst able 
oscillator, its frequency can be controlled 
readily by a small signal of steady frequency 
in trot into the circuit. This phenomenon 
is called locking or synchronization. The output 
waveshape of the niultivibrator is highly dis-
torted, hence has high harmonic content 
(§ 2-7). A useful feat tire is t hat t he mid tivibra-
tor can be locked at its fundamental frequency 
by a frequency corresponding to one of its 
higher harmonics (1 he tenth harmonic is fre-
quently used), and thus the circuit can be 
used as a frequency divider. 

3-8 Cathode-Ray Tubes 

Principles — The cathode-ray tube is a 
vacuum tube in which the electrons emitted 
from a hot cathode are first accelerated to give 
them eonsiderable 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 
narrow beam of moving electrons is analogous 
to a wire carrying current (§ 2-4) and, as in 
the wire, is necompanWi by electrostatic and 
electromagnetic fields. Hence the beam can be 
moved laterally, or deflected, by electric or 

•-1  
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magnetic fields. Such fields exert a force on the 
beam in much the same way as on charged 
bodies or on wires carrying current (§ 2-3, 2-5). 

Since the cathode-ray beam consists only of 
moving electrons, its weight and inertia are 
negligibly small. For this reason, it can be made 
tu f0110w instantly the variations in periodically 
changing fields even at radio frequencies. 

Electron gun— The electrode arrangement 
which forms the electrons into a beam is called 
the electron gun. In the simple tube structure 
shown in Fig. 3-14, the gun 
consists of the cat bode, 
grid, and anodes Nos. 1 and 
2. The intensity of the elec-
tron beam is regulated by 
the grid in the same way as 
in an ordinary tumbe (§ 3-2). 
Anode No. 1 is operated at 
a positive potential with 
respect to the cathode, thus 
accelerating the electrons 
which pass through the 
grid, and is provided with 
small apertures' through which the electron 
st reato passes. On emerging from the apertures 
the electrons are traveling in practically paral-
lel straight-line paths. The electrostatic fields 
set up by t he pot cuit mis on anode No. 1 and 
anode No. 2 form an electron lens system, com-
parable to an optical lens, which makes the 
electron paths converge to a point at the 
fluorescent screen in much the saine way that a 
glass lens takes parallel rays of light, and brings 
them to a point focus. Focusing of the electron 
beam is accomplished by varying the poten-
tials on the anodes, the potential in turn de-
termining the strengt h of the field. The poten-
tial on anode No. 2 is usually fixed, while that 
on anode No. 1 is varied to bring the beam into 
focus. Anode No. 1 is, therefore, called the 
focusing electrode. 

Sharpest focus is obtained when the elec-
trons of the beam have high velocity, so that 
relatively high d.c. potentials are common with 
cathode-ray tubes. However, the current re-
quired is small. so that t he power consumption 
is negligible. A second grid may be placed be-
tween toe control grid and anode, No. 1, for 
additional acceleration of the electrons. 

vertical leek-voltage anode deflecting 
(Anode No.2) plates 

Control electrode FocU31>Z4 horizontal Glatt 
(Grid No. ) electrode de f Zeal' ne envelope 

&node No.9 

Fig. 341 —  Typical construction for a modern cathode-ray tube of the electrostatic-deflection type. The envelope 
is made of glass, with the fluorescent screen at one end. Leads for the high-voltage anode, the deflection plates, and 
other electrodes are insulated low-capacity conductors carried inside the envelope to the base. 

Fig..343 —  The I-
tivilirator, or re-
laxation oscillator. 



84 Chapter .91ree 

-(> 
(A) (B) 

Fig. 345 - -spot diagrams silos* ing the position of the cathode-ray beam on the fluorescent screen for different 
deflector potentials. A — Both deflectors at zero potential. B — Positive potential on right horizontal deflector. 
C — Positive potential on upper vertical deflector. D, E, F, G — Equal positive potentials on adjacent platee. 

Methods of deflection — When focused, 
the beam from the gun produces only a small 
spot on the screen, as described above. How-
ever, if after leaving the gun the beam is de-
flected by either magnetic or electrostatic 
fields, the spot will move across the screen in 
accordance with the force exerted on the beam. 
If the motion is rapid, the path of the spot 
(trace) appears as a continuous line. 

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, as indicated in Fig. 
344. The fields are created by applying suitable 
voltages between the two plates of each pair. 
Usually one plate of each pair is connected to 
anode No. 2, te establish the polarities (§ 2-3) 
of the vertical and horizontal fields with respect 
te the beam and to each other. 
Tubes for magnetic deflection use the same 

type of electron gun, but have no deflection 
plates. Instead, the deflecting fields are set up 
by means of coils corresponding to the plates 
used in tubes having electrostatic deflection. 
The coils are external to the tube, as shown in 
Fig. 346, but are mounted close to the glass 
envelope in the relative positions occupied by 
electrostatic deflection plates. Coils Al and A2 
are connected so their fields aid and their axes 
are on the same line through the tube. Coils B1 
and B2 likewise are connected with fields aiding 
and are aligned along the same axis through the 
tube, but perpendicularly to the AiA2 axis. 

Fluorescent screens — The fluorescent screen 
materials used have varying characteristics, ac-
cording to the type of work for which the tube 
is intended. The spot color is green, white, 
yellow or blue, depending upon the screen 
material. The persistence of the screen is the 
time duration of the after-glow which exists 
when the excitation of the electron beam is 
removed. Screens are classified as long-, 

Anode No. I e2 
-eathode 

= 

6rid Anode I/o. 2 
A1 

Fig. 346 — A cathode-ray tube with magnetic defier-
don. The gun is the same as in the electrostatic-deflec-
tion tube shown in Fig. 344, but the beam is deflected by 
magnetic instead of electlic fields. Actual deflection coils 
fit closely to the neck of the tube, so that the field 
will be as strong as possible for a given coil current. 

medium- and short-persistence types. Small 
tubes for oscilloscope use usually have medium-
persistence screens of greenish fluorescence. 
Tube circuits — A representative cathode-

ray tube circuit with electrostatic deflection is 
shown in Fig. 347. One plate of cadi pair of de-
flecting plates is connected to anode No. 2. 
Since the voltages required normally are rather 
high, the positive terminal of the supply is 
usually grounded (§ 2-13) so that the common 
deflection plates will be at ground potential. 
This places the cathode and other elements at 
high potentials above ground, hence these ele-
ments must be well insulated. The various 
electrode voltages are obtained from a volt age 
divider (§ 2-6) across the high-voltage d.c. 
supply. R3 is a variable divider or " potenti-
ometer" for adjusting the negative bias on the 
control grid and thereby varying the beam cur-
rent; it is called the intensity or brightness con-
trol. The focus, or sharpness of the luminous 
spot formed on the screen by the beam, is con-
trolled by R2, which changes the ratio of the 
anode No. 2 and anode No. 1 voltages. The 
focusing and intensity controls interlock to 
some extent, and the sharpest focus is obtained 
by keeping the beam current low. 

Deflecting voltages for the plates are applied 
to the terminals marked " vertical" and '' hori-
zontal." R4 and Rs drain off any accumulation 
of charge on the deflecting plates. Usually some 
provision is made to place an adjustable d.c. 
voltage on each set of plates, so that the spot 
can be " centered" when stray electrostatic or 
magnetic fields are present; the adjustable d.c. 
voltage neutralizes the effect of such fields. 
The tube is mounted so that one set of plates 

produces a horizontal line when a varying volt-
age is applied to it, while the other set of plates 
produces a vertical line under similar condi-
tions. They are called, respectively, the " hori-
zontal" and " vertical" plates, but which set 
of actual plates produces which line is simply a 
matter of how the tube is mounted. It is usually 
necessary to provide a mounting which can be 
rotated to some extent, so that the lines will 
actually be horizontal and vertical. 
Power supply — The d.c. voltage required 

for operation of the tube may vary from 500 
volts for the miniature type ( 1-inch diameter 
screen) to several thousand volts for the larger 
tubes. The current, however, is very small, so 
that the power required likewise is small. Be-
cause of the low current drain, a power supply 
with half-wave rectification (§ 8-3) and a single 
0.5- to 2-1.ifd. filter condenser is satisfactory. 
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111 3-9 The Oscilloscope 

Description— An oscilloscope is essentially 
a cathode-ray tube in the basic circuit of Fig. 
347, but with provision for supplying a suitable 
deflection voltage on one set of plates (ordi-
narily those giving horizontal deflection). The 
deflection voltage is the time base or sweep. 
Oscilloscopes frequently are also equipped with 
vacuum-tube amplifiers for increasing the am-
plitude of small a.c. voltages to values suitable 
for application to the deflecting plates. These 
amplifiers ordinarily are limited to operation 
in the audio- or video-frequency range. 
Formation of patterns — When periodi-

cally varying voltages are applied to the two 
sets of deflecting plates, the path traced by the 
fluorescent spot forms a pattern which is sta-
tionary so long as the amplitude and phase re-
lationships of the voltages remain unchanged. 
Fig. 348 shows how such patterns are 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 II is reached, when it 
reverses direction and returns to the starting 
point. The sine-wave voltage applied to the 
vertical plates similarly would trace a line 
along the axis l'-Y' in the absence of any de-
fleeting voltage on the horizontal plates. How-
ever, when both voltages are present the posi-
tion of the spot at any instant depends upon 
the voltages on both sets of plates at that in-
stant. 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 posi-
tions, which are taken at equal time intervals. 

Vert. 
Yon 

RECT. 

Fig. 347 — Cathode-ray tube circuit. Typical values for 
a 3-inch (screen-diameter) tube such as the 3AP1/906: 
R. Rs — 1 to 10 megohms. 112 — 0.2 megohm. 
Rs — 20.000 ohms. R1— 0.5 megohm. 
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rimE 

14 

10 Fig. 348 — A.c. volt-
age wavesbape as 
viewed on an oscil-
loscope screen, 
showing the forma-
tioa of the pattern 
from the horizontal 
(sawtooth) and ver-
tical sweep voltages. 

HORIZONTAL 

Types of sweeps — A sawtooth sweep-volt-
age waveshape, such as is shown in Figs. 348 
and 350 is called a linear sweep, because the de-
flection 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 (II) te 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 practicable sweep-voltage gen-
erators it can be made quite small in compari-
son te the time of the desired trace AH, at least 
at most frequencies within the audio range. The 
fly-back time is somewhat exaggerated in Fig. 
345, to show its effect on the pattern. The line 
H'I' is called the return trace; with a linear 
sweep it is less brilliant than the pattern, be-
cause the spot is moving much more rapidly 
during the fly-back time than during the time 
of the main trace. If the fly-back time is short 
enough, the return trace will be invisible. 
The linear sweep has the advantage that it 

shows the shape of the wave applied to the 
vertical plates in the same way in which it is • 
usually represented graphically (§ 2-7). If the 
time of one cycle of the a.c. voltage applied to 
the vertical plates is a fraction of the time 
taken to sweep horizontally across the screen, 
several cycles of the vertical or signal voltage 
will appear in the pattern. The shape of only 
the last cycle (or the last few cycles, depending 
upon the number in the pattern and the 
characteristics of the sweep) to appear will be 
affected by the fly-back in such a case. 

Although the linear sweep generally is most 
useful, other sweep waveshapes may be desira-
ble for certain purposes. The shape of the pat-
tern obtained, with a given signal waveshape 
on the vertical plates, obviously will depend 
upon the shape of the horizontal sweep voltage. 
If the horizontal sweep is sinusoidal, the main 
and return sweeps each occupy the same time 
and the snot moves faster horizontally in the 
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center of the pattern than it does at the ends. 
If two sinusoidal voltages of the same frequen-
cy are applied simultaneously to both sets of 
plates, the resulting pattern may be a straight 
line, an ellipse or a circle, depending upon the 
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Fig. 349 — A linear-sweep oscillator using a gas triode. 
CI — 0.001 to 0.25 afd. Ca — 0.1 dd. 
Ca— 0.5 afd. Cs — 25 aM. 25.volt 
112 — 0.3 to 1.5 megohms. electrolytic. 
113— 2000 ohms. Its — 25,000 ohms. 
113-0.25 megohm. R5 - 0.1 megohm. 
The "B" supply should deliver 300 volts. CI and Ri arc 
proportioned to give a suitable sweep frequency; the 
higher the time constant (1 2-6), the lower the frequency. 
11, limits grid-current flow during the deionizing period, 
when positive ions are attracted to the negative grid. 

amplitude and phase relationships. If the fre-
quencies are harmonically related (§ 2-7) a 
stationary pattern will result, but if one fre-
quency is not an exact harmonic of the other 
the pattern will show continuous motion. This 
is also the case when a linear sweep circuit is 
used; the sweep frequency and the frequency 
under observation must, be harmonically re-
lated or the pattern will not be stationary. 
The sweep generator does not ordinarily 

function as a self-controlled oscillator but 
rather as an externally controlled or synchro-
nized oscillator which supplies voltage of the 
required waveform at the same frequency as 
the signal under study, or a sub-multiple 
thereof. 
Sweep circuits — A sinusoidal sweep is easi-

est to obtain, since it is possible to apply a.c. 
voltage from the power line, either directly or 
through a suitable transformer, to the hori-
zontal plates. A variable voltage divider or 
potentiometer may be used to regulate the 
width of the horizontal trace. 
A typical circuit for a linear sweep generator 

is shown in Fig. 349. The tube is a gas triode or 
grid-control rectifier (§ 3-6-C). The striking or 
breakdown voltage, which is the plate voltage 
at which the tube ionizes or fires and starts 
conducting, is determined by the grid bias. 
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. •••• Fig. 350 — 
Condenser 
charging curves 
showing how a 
sawtooth wave 
is produced by 
a gaseous-tube 
linear sweep 
oscillator. 

When plate voltage, Eb, is applied, the con-
denser, Ci, acquires a charge through RI. As 
shown in Fig. 350, the charging voltage rises 
relatively slowly, as shown by the solid line, 
until the breakdown or flashing point, V", is 

reached. Then the condenser discharges rapidly 
through the comparatively low plate-cathode 
resistance of the tube. When the voltage drops 
to a value too low to maintain plate-current 
flow, E., the ionization is extinguished and CI 
once more charges through R1. If R1 is large 
enough, the voltage across C1 rises linearly 
with time, 11, up to the breakdown point. This 
linear voltage change is used for the sweep, 
being applied to the cathode-ray tube plates 
through C2. The fly-back time, ill, is the time 
required for discharge through the tube; to 
keep this time small, the resistance during 
discharge must be low. 
To obtain a stationary pattern, the "saw-

tooth" rate is controlled by varying C1 and Rt 
and synchronized by introducing some of the 
voltage being observed on the vertical plates 
into the grid circuit of the 884 tube. This 
voltage " triggers" the tube into operation in 
synchronism with the signal frequency. Syn-
chronization will occur so long as the signal fre-
quency is nearly the same as, or a multiple of, 
the sweep frequency, provided the circuit 
constants and the amplitude of the synchro-
nizing voltage are properly adjusted. 
The upper frequency limit of gaseous-tube 

sweep oscillators is in the vicinity of 50,000 
cycles, even with the most careful design, be-
cause of the fly-back time limitations imposed 
by the gaseous content of the tube. 

Fig. 351 — Pentode-tube higli-spccd sweep generator. 
C-0.001 to 0.1 G C2 

dd. 
C2 — 0. 1 µfil. 5w Output 

Volta 
Ca — 1.0 µfil. ge" 

11- 25,000 ohms 
to5te.neg. 
ohm 

IIi — 0.5 megolun variable. 
Its — 0.1 megolun. 
113 — 25,000 ohms. 

To attain a higher-frequency sweep, a 
"hard"-tube oscillator such as that shown in 
Fig. 351 must be used. This circuit may be 
recognized as being similar to that of the pen-
tode relaxation oscillator of Fig. 342-11. With 
suitable constants it is capable of an upper fre-
quency limit of 100 to 200 kc. or more. If a tube 
is used which has a high ratio of plate current 
to screen current, the screen voltage will rise 
to a very high value during the plate discharge 
and thus aid in reducing the fly-back time. 
A variety of waveshapes may be obtained 

from this circuit, ranging from the sawtooth or 
triangular waves which occur at the plate to 
the rectangular waveform of the screen-grid 
voltage. The plate-circuit waveforms are those 
most often employed for oscilloscope work. 
The sweep rate is controlled by R and C, 

but it, is influenced also by the value of R2. R3 
determines the output waveshape by regulating 
the ratio of charge to discharge time, thus de-
termining the part of the cycle occupied by 
the rectangular-shaped screen-voltage wave. 
The blocking-tube oscillator in Fig. 352 is 

also capable of high-frequency operation, 



llctcttutn .7ut ei 87 
chiefly because the oscillator portion generates 
a very short, sharp pulse which charges C 
almost instantaneously. Because of its superior-
ity in this respect, this circuit has received con-
siderable application in television work. Its 
operation is distinguished from that of the 
souegging oscillator ( Fig. 342-C) in that the 
intermittent high-frequency oscillations are 
almost instantly blocked as the bias built up 
by the grid-leak and condenser, C and R, goes 
far beyond cut-off. With suitable constants, 
the build-up time for this blocking bias can be 
limited to a single high-frequency cycle, re-
sulting in a very short, abrupt pulse of plate 
current ( 4). Because of the large time constant 
of C and R, the discharge time is very much 
slower. Until the charge again leaks off through 
R, the circuit is paralyzed. When C is dis-
charged, the cycle repeats. 

L1 and L2 are tightly coupled and designed 
to be self-resonant at perhaps ten times the 
maximum sweep frequency. 

In the practical form, shown in Fig. 352, the 
blocking oscillator itself is the left-hand sec-
tion of the dual triode. The second triode 
section is used as a discharge tube, the rate of 
discharge being controlled by the C2Ri combi-
nation. By giving this combination the proper 
time constant, the output wave can be made to 
have almost any desired form. R exercises lim-
ited control over the frequency range, while the 
value of RI determines the output amplitude. 
Vacuum-, fl be switching circuits— In con-

trast to time-base circuits which deliver recur-
rent output impulses, certain applications in 
oscilloscope and other electronic work call for 
what are termed vacuum-tube or electronic 
switching circuits. 
A keying circuit is a non-locking electronic 

switch which closes (or opens) a circuit when a 
control voltage is applied and returns the cir-
cuit to normal when the control voltage is re-
moved. The keying voltage is usually applied 
as control-grid bias, although screen- and 
suppressor-grid voltage also are employed. 
A trigger circuit, also called a flip-flop circuit, 

may also be operated in this manner, but more 
strictly it is a type of locking or holding 
eluqtronie switch, wherein a second impulse 
is required to restore the circuit. After the 

Fig. 352 — Dual-triode blocking-tub • en:illator and dis-
charge tube, with characteristic waveforms at the right. 

C — 0.001-0.01-p ftl. mies. R — 0.25 megobm variable. 
CI, — 0.005 -0.5 dd. It — 0.1-2 megolun. 
C2 —' 0.1 ad. Lr, L2 — See text. 
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Fig. 353 — Typical vacuum-tube trigger circuits. 

initiating control pulse the circuit remains 
closed, despite removal of the control voltage, 
until a second releasing impulse is received. 
Circuits in which values of current or voltage 
change abruptly from one stable condition 
to another at some critical value of voltage 
or resistance, and then change back abruptly 
at a different critical value of the controlling 
voltage or resistance, are used for this purpose. 

Fig. 353-A shows the basic pentode form of 
trigger circuit. In this circuit d.c. coupling be-
tween the screen and suppressor grids causes 
the suppressor voltage to change with screen 
voltage. With a high value of resistance in 
series with the screen, abrupt changes in these 
currents occur when the supply voltages or the 
screen-circuit resistance are varied. For exam-
ple, by proper choice of voltage and circuit con-
stants the plate current corresponding to a 
given value of screen current may be made 
zero. Triggering impulses may be introduced in 
series with any of the electrodes, but the con-
trol grid is the most sensitive. The values of the 
supply voltages are not critical, but the proper 
relation must be maintained between them. 

In the two-tube trigger circuit of Fig. 353-B, 
a positive impulse applied to the grid of the 
first tube will inerease its plate current. This 
causes an increased voltage drop across 113, 
which in turn makes the bias on the second 
tube more negative. Consequently the plate 
current of the second tube decreases, decreas-
ing the voltage drop across R4. This makes the 
grid bias on the first tube more positive, caus-
ing a further increase in the plate current of 
this tube and a resultant further decrease in 
the plate current of the second tube. The 
process continues until the second tube is cut 
off, when only the first tube takes current. 
This condition will continue until a negative 
pulse is applied to the first, grid, or a positive 
pulse to the second grid, when the action will 
be reversed. The initial operating point is es-
tablished by the variable tap on the cathode 
resistor, R7. 
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(1, 3-10 Pulse Technique 

In pulse transmission and reception (§ 1-4), 
specialized means are employed to generate and 
shape characteristic pulses on the transmitting 
end and to recreate and interpret these pulses 
on the receiving end. One is a process of wave-
shaping and injection; the other of separation 
and selection. Certain basic circuit elements 
are common to both; elementary examples of 
such circuits will be discussed in this section. 
Wareshaping— The primary waveforms 

employed in pulse transmission, apart from the 
basic sine wave, are the rectangular wave (from 
narrow pulse to sqt,are wave), trapezoidal wave, 
triangular wave (from isosceles ter right-angle 
saw tooth), ex poilent ial and sawtooth waves. 
The nonsinusoi dal waveforms obtainable 

from certain oscillators, particularly those of 
t he relaxation type, approximate the general 
shapes required. To trim such waves to the 
ideal form required, auxiliary waveshaping eir-

R. 

Fig. 354 Shaping of sine wave to square wave by 
diode clipping action. The waveforms at the upper right 
illustrate, progressively, the sinusoidal input waN e, the 
positive peak clipped by the diode parallel limiter ( A), 
and the negative peak clipped by the diode series 

(B). These are performed jointl V in the double-diode 
parallel limiter (C) and doulde-dioile series limiter (D). 

cuits are employed. The basic categories are 
(1) limiter circuits, which utilize the voltage-
limiting action of vacuum tubes, and (2) peak-
ing circuits, which employ Re (or LC) time-
constant circuits. 

Fig. 354 shows the use 
of biased-diode limiters in 
clipping a sine wave to 
create a square or trape-
zoidal waveshape by lim-
iting action. 
The diode parallel lim-

iter at A does not limit 
the output until the input 
voltage attains a value more positive than that 
of the negative biasing voltage applied in series 

; 
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t 

FOr. :155 — Triode limiter n generating square nr 
trapezoidal wave by clipping peaks ..f a sinusoidal wave. 

with RI. In the diode series limiter ii B, con-
duction can occur only when the input is more 
positive than the biasing voltage inserted in 
series with R. Thus there can be no increase in 
output during the most negative period of the 
cycle. The series limiter produces a more 
squarely clipped wave than t he parallel type. 
The operation of either type can be reversed 
by reversing the diode connections and the 
polarity of the biasing voltage. 

In the double-diode parallel limiter at CI, the 
left-hand diode removes positive peaks while 
that at the right clips the negative. The degree 
of limiting is adjusted by varying the fixed bias 
by means of e; and R.I. The double series lim-
iter at D functions in a similar manner but is 
more critical of adjustment. 
Triode limiters may be operated at cut -oit 

or at saturation. In Fig. 355, the tube is biased 
near the center of its chararteristic. When the 
signal voltage goes negative. at eut -off plate 
current ceases to flow and the hot turn of the 
sine wave is clipped. On the positive peak the 
plate current is limited by sat uration and the 
top of the sine curve is squared off. The input 
signal should be 20 or 30 times the grid bias 
for the sine wave to be squared off sharply. 

Limiter circuits may also be employed for 
generating other types of pulses. If the tube in 
Fig. 355 is biased beyond cut-off and a eon-
denser is connected between plate arid ground. 
a positive rectangular pulse applied to the grid 
will produce a sawtooth wave. During the 
interval between pulses the condenser is 

charged in a relatively slow linear rate through 
R.,. The sharp front of t he positive pulse on 
the grid causes plate current to flow, and the 
condenser discharges rapidly through the tube. 
A triangular waveshapc van be obtained by re-
dwing the bias to zero and applying negative 
pulses; to t he grid]. B r ween pulses plate eurrent 

Al\A 
Fig. 35b— 
mixer or injector 
circuit, illustrating 
how two rectangu-
lar pulses of differ. 
eat bases and 
amplitudes are 
combined into one 
complex pulse be, 
fore transmission, 
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will flow, but each negative pulse biases the 
tube beyond cut-off, making it nonconducting. 
The condenser charges through R4 for the du-
ration of the pulse, then discharge; through R4. 
The result is a symmetrical triangular pulse. 

Pulse selection — Pulse selectivity is based 
on the following characteristics: ( 1) polarity; 
(2) amplitude; (3) shape; and (4) duration (in-
cluding both " mark " and " space" intervals). 
The diode separator functions much like the 

diode limiters of Fig. 354, except that the action 
is reversed. Selection by polarity is based on the 
unilateral conductivity of the diode rectifier, 
and requires only that the diode be so con-

Input 

r 

*6 

35- 7 — Co -off biased triode amplitude separator. 
— , fil. Ri — 1 megolun. Ra — 50,000 ohms. 

C2 -- 0.5 5fd. lia — 2000 ohms. 11.4— 25,000 ohms. 

c, Ou- tput 

netted as to pass posit ive or negative pulses, as 
desired. For amplitude separat ion the diode is 
so biased that only pulses having an a mplit tide 
exeeeding the bias voltage will be passed. 
The sa nie resemblance applies in the ease of 

triode amplitude separators. In the cut-off 
separal Ir of Fig. 357, the grid normally is 
biased beyond eut-off. When a positive. volt-
age 01 sufficient amplitude is applied, plate 
current. flows. There will be no response to volt-
ages of lesser amplitude, or to negative pulses. 

7••=-1 Fig. 358 — .Zero-blips or posit ive-
grid limiter-separator. 

— 0.1 mfd. 
phi. 

RI. lit — 1 megobut. 
0.1. enegreliM 

The posit ive-grid or blockegl-grid separator, 
Fig. 358, operates at saturation and is char-
acterized by a series resistor in the grid circuit. 
Positive pulses drive the tube into the positive-
grid region, where grid-current flow increases 
bias and limits plate-current to a steady value 
regardless of signal level. Since this -circuit 
passes only negative pulses, it is selective as to 
polarity. 

Differentiation and integration — If the 
Crouit of a rectangular wave is applied to an RC 
circuit with series capacity and shunt resist-
ance, as in Fig. 359, the voltage across the load 
resistor will equal the applied voltage at the 
instant of application. Then, as the condenser 
acquires charge the voltage across the resistor 
will decrease exponentially ( § 2-6). If the time 

In 

Input RC • 0.001 RC•0.1 

7-w"-aIZt  

Fig. 359 — With square wave input, the voltage wave. 
shapes across R and C respectively in an RC circuit have 
the shapes shown. Note the variation in waveshapes for 
different time constants. (Time constant values given 
are in terms of fractions of the period of the input wave.) 

constant of the circuit is very small, the charg-
ing period will be very short. Thus the voltage 
across thc resistor will have the shape of a 
short pulse, sharply peaked at the front. 

Following this initial pulse, no current flows 
through the resister because the condenser is 
charged to the maximum voltage of the applied 
square wave. Hence the voltage across the 
resistor is zero so long as the input voltage is 
unchanging. At. the trailing edge of the input 
wave the process is repeated, except that the 
resultant pulse has the opposite polarity since 
the condenser is now discharging. 
By altering the steepness of either the as-

cending or descending slopes of the input wave 
the amplitude of the output pulse can be 
controlled. This is the principle upon which 
pulse selection by waveshape is based, as 
illustrated in Fig. 300. A steep front produces 
a sharp pulse having an amplitude equal to 
the applied voltage, while a sloping front 
produces a pulse of correspondingly greater 
length and lesser amplitude. For sharp pulses 
the time constant must be considerably shorter 
than one-half cycle of the input wave. With a 
longer time constant the . charging period be-
comes correspondingly longer, while retaining 
a logarithmic shape, and approaches the dura-
tion and form of the wave. Such a network is 
called a differentiating circuit. 

In a circuit. with the resistor in series and 
the condenser in shunt, also shown in Fig. 359, 
the action is such that with a very short time 
constant the output wave resembles that of the 
input except for a slight curvature at the begin-
ning because of the exponential charging char-
acteristic. The amplitude is, however, greatly 
reduced because of the voltage divider effect of 
the reactance-resistance combination. Increas-
ing the time constant to a value comparable 
to the duration of the constant-amplitude 
portion of the input wave increases the ampli-
tude but accentuates also both the ascending 
and descending slopes of the wave. 

Increasing the time constant to a value very 
long compared with the base of the input wave, 
results in what is called an integrating circuit. 
In this circuit discrimination or selection is 

Fig. 360 — Pulse selection based 
on the discriminating action of 
a differentiating circuit with 
inputs of different wavefront 
shapes. Typical input waves 
are shown above and the re-
sulting output pulses below. 
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0.C.CatIrode 
Connection 

Fig. 362 — Sehenta tic 
cross-section of tin. or-
bital-beam seemidary 
electron multiplier tube. 

chapter Dhree 
baàed on the duration or frequency of the 
input wave. For example, if a series of short 
pulses is applied, the energy stored in the 
condenser by each individual pulse will be 
small and will be discharged before the next 
pulse arrives. If, however, a series of pulses 
with longer bases and shorter intervals is 
applied, only a portion of the energy from 

each pulse will 
be discharged 
before the next 

Grid begins charg-
ing. Energy is 

cathzeie therefore accu-
mulated on the 
condenser un-
til a predeter-
mined ampli-
tude is estab-
lished. Thus 
long-base pulses 
can be sepa-
rated from 
shorter pulses. 

Glass 

mica. 
neater 

Plate 

N Fear-hods 
connection 

Fig. 361 — Sectional view of the 
"lighthouse" tube's construit ion. 
Close electrode spacing reduces 
transit time while the di,c electrode 
connections reduce lesl inductance. 

3-11 V.H.F. and U.H.F. Tubes 
Negative-grid tubes — At very high fre-

quencies, interelectrode capacities and the 
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, because of 
dielectric losses, grid emission, and " transit-
time" effects. In low-frequency operation, the 
actual time of flight of electrons between the 
cathode and the anode is negligible in relation 
to the duration of the cycle. At 1000 ke., 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 1/10 of a cycle, and a full 
cycle at 1000 Me. These limiting factors 
establish about 3000 Mc. as the upper fre-
quency limit for negative-grid tubes. 
With tubes of ordinary construction, the 

upper limit of oscillation is about 150 Me. For 
higher frequencies, v.h.f. tubes of special con-

struction are used. 
The " acorn" and 
"doorknob" types and 
the special v.h.f. " min-
iature" tubes, in which 

r • ; BB the grid-cathode spac-
ing is made as little as • 
0.005 inch, are capable 
of operation up to 

G27 et; G5 about 700-800 Mc. 
The normal frequency 
limit is around 600 
Mc., although output 
may be obtained up 
to 800 Mc. 

Very low interelectrode capacities and lead 
inductance have been achieved in the newer 
tubes of modified construction. In multiple-

lead types the electrodes are provided with up 
to three separate leads which, when connected 
in parallel, have considerably reduced effective 
inductance. In double-lead types the plate and 
grid elements are supported by heavy single 
wires which run entirely through the envelope, 
providing terminals at either end of the bulb. 
When a resonant circuit is connected to each 
pair of leads, the shunting capacity divides 
between the two circuits. With linear circuits 
the leads become a part of the line and have 
distributed rather than lumped constants. 
Radiation loss is minimized and the effeet of 
the transit time is reduced. In " lighthouse" 
tubes or otegatrons the plate, grid and cathode 
are assembled in parallel planes, as shown in 
Fig. 361, instead of coaxially. The uniform 
coplanar electrode design and dise-seal ter-
minals permit. very low intereleetrode capaci-
ties. 

In the orbital-beam tube, Fig. 362, a small 
electrode structure is used in combination 
with a secondary-electron emitter to raise the 
effective transconductance. Electrons emit ted 
from the cathode, K1, are accelerated through 
the control grid, CA, by a positive grid, (12, and 

Output 

Gruel Nat 

Input - ti 11 
tank\  - 

Grid NO-2 

Couplcne loop 

Resonator onret 
circuit 

Collector 

Fig. 363 — Schematic of the inductive output amplifer. 

enter a radial electrostatic field established )37 
the cylindrieal electrodes, and J2 , causing 
the electrons to move in a circular path and 
driving them against the secondary-emitter 
electrode, K2. About ten secondary electrons 
are emitted for each primary election; thus 
the ultimate electron flow to the plate, I', is 
considerably greater than the original current 
emitted. As a result, high over-all transmit-
duetance ( 15,000 at 500 Me, in an experimental 
tube) is obtained wit bout increasing transit-
time losses or internal vapacities. 

Inductive output amplifier— In the induc-
tive-output tube shown in Fig. 363 a high-
velocity electron beam is intensity-modulated 
by the control grid (grid No. 1). After being 
accelerated and focused by the combined ac-
tion of the first and second lenses in the mag-
netic circuit and the sleeve electrodes (grids 
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CONCENTRIC ONE 
OUTPUT CiRCUiT 

-30 V 

t500.v. 

COLLECTOR 
+4V 

+350V. 

Fig. 361 — Simple form of cylindrical- grid velocity-
ted tube 1.ith retarding-lield collector and 

coa lid-line outwit circuit, used as a superheterodyne 
high-freimency 0.eillator or as a superregenerative 
detector. Similar tubes can also be used as r.f. ampli-
fiers awl frequency converters in the 5-50-cm. region. 

No. 2 and 3), the beam moves past a small 
aperture in the " dimpled sphere" cavity 
resonator. The potential difference across this 
gap slows down the electrons and thereby 
causes the resonant cavity to absorb power 
from the beam. Electrons passing through the 
structure are decelerated by a suppressor 
elect wde (grid No. 4) before reaching the final 
anode or collector. The control-grid structure 
gives sharp c ut -off and large transeond u °tan ce, 
while the high accelerating potentials and small 
apertures result in very short transit time and 
consequently low input, conductance. The in-
ductive-output tube is useful for wide-band 
operation above 500 Mc., giving efficiencies 
of 25 per cent or better. 

Velocity modulation — In negative-grid 
operation the potential on the grid tends to 
reduce the electron velocity during the more 
negative half of the oscillation cycle, while on 
the other half cycle the positive potential on 
the grid serves to accelerate them. Thus the 
electrons tend to separate into groups, those 
leaving the cathode during the negative half 
cycle being collectively slowed down, while 
those leaving on the positive half are ac-
celerated. After passing into the grid-plate 
space only a part of the electron stream follows 
the original form of the oscillation cycle, the 
remainder traveling to the plate at differing 
velocities. Since these contribute nothing to the 
power output at the operating frequency, the 
efficiency is reduced in proportion to the varia-
tion in velocit y, the output becoming zero when 
the transit time approaches a half cycle. 

This effect, such a disadvantage in conven-
tional tubes, is an advantage in velocity-modu-
lated 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 
velocity current flow as in ordinary tubes. 
A simple form of velocity-modulation oscil-

lator tube is shown in Fig. 364. Electrons 
emitted from the cathode are accelerated 
through a negatively biased cylindrical grid 
by a constant positive voltage applied to a 

sleeve electrode, shown in heavy lines. This 
electrode, which is the velocity-modulation 
control grid, consists of two hollow tubes, with 
a small space at each end between the inner 
tube, through which the electron beam passes, 
and the discs at the ends of the larger tube 
portion. With r.f. voltage applied across these 
gaps, which are small compared to the distance 
traveled by the electrons in one half cycle, 
electrons entering the tube will be accelerated 
on positive half cycles and decelerated on the 
negative half cycles. The length of the tube is 
made equal to the distance covered by the 
electrons in one-half cycle, so that the electrons 
will be further accelerated or decelerated as 
they leave the tube. 
As the beam approaches the collector elec-

trode, which is at nearly zero potential, the 
electrons are retarded, brought to rest, and 
ultimately turned back by the attraction of 
the positive sleeve electrode. The collector 
electrode is, therefore, also termed a reflector. 
The point at which electrons are returned de-
pends on their velocity. Thus the velocity 
modulation is again translated into current 
modulation. 

Velocity-modulated tubes operate satisfac-
torily up to 6000 Mc. (5 cm.) and higher, with 
outputs of 100 watts or more. 
The klystron In the klystron velocity-

modulated tube, the electrons emitted by the 
cathode are accelerated or retarded during 
their passage through an electric field estab-
lished by two grids in a cavity resonator, or 
rhumbatron, called the " bundler." The high-
frequency electric field between the grids is 
parallel to the electron stream. This field ac-
celerates the electrons at one moment and 
retards them at, another, in accordance with 
the variations of the r.f. voltage applied. 

EIS v.A C 

Fig. 365 — Circuit diagram of the klystron oscillator, 
slum in g the feed-back loop coupling the frequency-con-
trolling rhumbatrous and the output loop in the catcher. 
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The resulting velocity-modulated beam travels 
through a field-free " drift space," where the 
slowly moving electrons are grridually over-
taken by the faster ones. The electrons emerg-

RFC5 

Fig. 366— Electron 
transit-time positive- me 
grid oscillator. 
Dashed lines above 
indicate "multiple 
resonance" effect. 

ing from the pair of grids therefore are sep-
arated into groups or bunched along the 
direction of motion. The velocity-modulated 
electron stream is passed to a " catcher" 
rhumbatron, and as the beam passes through 
two parallel grids, the r.f. current created by 
the bunching of the electron beam induces an 
r.f. voltage between the grids. The catcher cav-
ity is made resonant at the frequency of the 
• velocity-modulated electron beam, so that an 
oscillating field is set up within it by the pas-
sage of the electron bunches through the grid 
aperture. 

If a feed-back loop is provided between the 
two rhumbatrons, as shown in Fig. 365, oscilla-
tions will occur. The resonant frequency de-
pends 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 rhumbatrons. The bunched 
beam current is rich in harmonics, but the out-
put waveform is remarkably pure because the 
high Q of the catcher rhumbatron suppresses 
the unwanted harmonics. 

Positive-grid electron oscillators— A tri-
ode in which the grid rather than the plate is 
positive with respect to the cathode %yin os-
cillate at frequencies higher than those at 
which transit-time effects cause the tube to be 
inoperative as a normal negative-grid os-
cillator. Oscillators of the positive-grid type 
are known as " brakefield" or " electron transit-
time" oscillators. Successful performance is 
most readily achieved with tube structures 
having cylindrical grids and plates. 

This type of operation makes use of the 
transit time of electrons from the cathode to 
the grid and plate regions. Electrons emitted 
by the cathode are accelerated toward the 
positive grid, some striking it and some passing 
through. Those that pass through are repelled 
by the negative plate and turn around, passing 
between the grid wires once more. In the proc-
ess, the electrons induce a.c. voltages in the 
grid at a frequency depending upon the transit 
time. Some electrons may pass back and forth 
between the grid wires several times, while 
others may strike the grid after a single round 
trip. Those which remain free in the tube for 
several oscillations lose energy, but those which 
make only one trip gain energy. However, since 

the former are free for a longer time there is a 
net transfer of energy which can be used to 
maintain oscillations. 

In this type of oscillator, shown in Fig. 366, 
the frequency is controlled primarily by the 
grid voltage and the tube element spacing. The 
resonant circuit must be tuned to approxi-
mately the oscillation frequency for maximum 
output. 

Positive-grid oscillators can be operated at 
frequencies up to 10,000 Mc. (3 cm.), but the 
efficiency is usually only 2 or 3 per cent. Since 
most of the power is dissipated in the grid, the 
tube is not capable of delivering much power. 
Magnetrons— A magnetron is fundamen-

tally a diode with cylindrical electrodes placed 
in a uniform magnetic field with the lines of 
electromagnetic force parallel to the elements. 
The simple cylindrical magnetron consists of 
a filamentary cathode surrounded by a con-
centric cylindrical anode. In the more efli-
cient split-anode magnetron the cylinder is 
divided longitudinally. 

Magnetron oscillators are operated in two 
different ways. Electrically the circuits are 
similar, the difference being in the relation be-
tween electron transit time and the frequency 
of oscillation. 

In the negative-resistance or dynatron type 
of magnetron oscillator, the element, dimen-
sions and anode voltage are such that, the 
transit time is short compared with the period 
of the oscillation frequency. Electrons omitted 
from the cathode are driven towards both 
halves of the anode. If the potentials of the two 
halves are unequal, the effect of the magnetic 
field is such that the majority of the electrons 
travel to that. half of the anode which is at the 
lower potential. In other words, 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 consequently exhib-
its negative-resistance characteristics (§ 3-7). 
Negative-resistance maguetron oscillators are 
useful between 100 and 1000 Mc. Crider the 
best operating conditions efficiencies of 20 to 
25 per cent may be obtained. Since the power 
loss in the tube appears as heat in the anode, 
where it is readily dissipated, relatively large 
power-handling capacity can be obtained. 

Dorctiet of rnarelic 

(A) 

(B) 
Fig. 367— Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron. 11. split-anode ue:;ative-resist ante magnetron. 
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In the transit-time magnetron the frequency 

is determined primarily by its dimensions and 
by the electric and magnetic field intensities 
rather than by tie tuning of the tank circuits. 
The efficiency is much better than that of a 
positive-grid oscillator and good power output 
can be obtained even on the superhighs. 

In a nonoscillating magnetron with a weak 
magnetic field, electrons traveling from the 
cathode to the anode move almost radially, 
their trajectories being bent only slightly by 
the magnetic field. With increased magnetic 
field the electrons tend to spiral around the 
filament, their radial component of velocity 
being much smaller than the angular com-
ponent. Under critical conditions of magnetic 
field strength, a cloud of electrons rotates 
about the filament. It extends up to the anode 
but does not actually reach it. 
The nature of these electron trajectories is 

shown. in Fig. 368. Cases A, B, and C corre-
spond to the non-oscillating condition. For a 

(A) (8) e) OD) (E) (F) (C) 

lo 

Ht H 
Fig. 368 — Electron trajectories for increasing values of 
magnetic field strength, H. Below is shown the corre-
sponding curve of plate current, I. Oscillations commence 
when If reaches a critical value, IL; progressively higher 
order modes of oscillation occur beyond this point. 

small magnetic field (A) the trajectory is bent 
slightly near the anode. This bending increases 
for a higher magnetic field (B) and the elec-
tron moves through quite a large angle near 
the anode before reaching it, signifying a large 
increase of space charge near the anode. For a 
strong magnetic field (C) electrons start radi-
ally from the cathode but are soon bent and 
curl about the filament in the form of a long 
spiral before reaching the anode. This means a 
very long transit time and a very large space 
charge in the whole region where the spiraling 
takes place. Under critical conditions (D), no 
current flows to the anode and no electron is 
able to move front cathode to anode. but a large 
space charge still exists between the cathode 
and anode. The spiraling becomes a set of con-
centric circles, and the entire space-charge 
distribution rotates about the filament. 

Figs. 368-E, -F and -G depict higher order 
(harmonic-type) modes of operation in which 
the space charge oscillates not only symmetri-
cally but in transverse directions contrasting 
to the vibrations of the fundamental. 

In a transit-time magnetron oscillator the 
intensity of the magnetic field is adjusted so 
that, under static conditions, electrons leaving 
the cathode move in curved paths which just 

Line 

Anodes 

Cathede 

(e) 1111111111 
Fig. 369 — U.h.f. magnetron eircu -ts. A.sphit.anude t) pe. 
B, four-anode typo with opposite electrodes paralleled. 

fail to reach the anode. All electrons are there-
fore deflected back to the cathode, and the 
anode current is zero. When an alternating 
voltage is applied between the two halves of 
the anode, causing the potentials of these halves 
to vary about their average positive values, the 
conditions in the tube become analogous to 
those in a positive-grid oscillator. If the period 
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 
direction twice with each electron rotation. 
Some electrons will lose energy to the electric 
field, with the result that they are unable to 
reach the cathode and continue to rotate 
about it. Meanwhile other electrons gain energy 
from 1 he field and are returned to the cathode. 
Since those electrons which lose energy remain 
in the interelectrode space longer than those 
which gain energy, the net effect is a transfer of 
energy from the electrons to the electric field. 
This energy can be applied to sustain oscilla-
tions in a resonant transmission line connected 
between the two halves of the anode. 

Split-anode magnetrons for uhf. are con-
structed with a cavity resonator built into the 
tube structure, as illustrated in Fig. 370. The 
assembly is a solid block of copper which 
assists in heat dissipation. At extremely high 
frequencies operation is improved by subdivid-
ing the anode structure into from 4 to 16 or 
more segments, the resonant cavities for each 
anode coupled by slots uf critical dimensions 
to the common cathode region, as in Fig. 371. 

Fig. 370 — Cathode 
Split -anode 
magnetron 
with integral 
resonant anode --
cavity for 
use at u.li.f. 

Cathode 

liesonwit 
Anode 

Cavities 

Fig. 37 1 --
Multiseginent 
magnetron 
with four res-

-onant cavities. 
This construc-
tion is used for 
extremely high 
frequencies. 

The efficiency of multi-segment 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 efficiencies greater than 50 per cent. Using 
larger multiples of anodes and higher-order 
modes, performance can be attained at 0.2 cm. 



eltapier 

Power 

41 4-1 Transmitter Requirements 

General requirentehts— To minimize in-
terference when a large number of stations 
must work in one frequency band, the power 
output of a transmitter must be as stable in 
frequency and as free from spurious radiations 
as the state of the art permits. The steady r.f. 
output, called the carrier (§ 5-1), must be free 
from amplitude variations attributable to rip-
ple from the plate power supply (§ 8-4) or 
other causes, its frequency should be unaf-
fected by variations in supply voltages or in-
advertent changes in circuit constants, and 
there should be no radiation on other than 
the intended frequency. The degree to which 
these requirements can be met depends upon 
the operating frequency. 
Design principles— The design of the 

transmitter depends on the output frequency, 
the required power output and the type of 
operation (c.w. telegraphy or 'phone). For 
c.w. operation at low power on medium-high 
frequencies (up to 7 Me. or so), a simple crystal 
oscillator circuit can meet the requirements 
satisfactorily. However, the stable je over out-
put which can be taken from an oscillator is 
limited, so that for higher power the oscillator 
is used simply as a frequency-controlling ele-
ment, the power being raised to the desired 
level by means of amplifiers. The requisite fre-
quency stability can be obtained only when 
the oscillator is operated on relatively low fre-
quencies, so that for output frequencies up to 
about 60 Mc. it is necessary to increase the os-
cillator frequency by multiplication (harmonic 
generation — § 3-3), which usually is done at 
fairly low power levels and before the final 
amplification. An amplifier which delivers 
power on the frequency applied to its grid cir-
cuit is known as a straight amplifier; one which 
gives, harmonic output is known as a frequency 
multiplier. An amplifier used principally to 
isolate the frequency-controlling oscillator 
from the effects of changes in load or other va-
riations in following amplifier stages is called a 
buffer amplifier. A complete transmitter there-
fore may consist of an oscillator followed by 
one or more buffer amplifiers, frequency multi-
pliers and straight amplifiers, the number 
being determined by the output frequency and 
power in relation to the oscillator frequency 
and power. The last amplifier is called the final 
amplifier, and the stages up to the last com-
prise the exciter. Transmitters usually are de-
signed to work in a number of frequency bands 
so that means for changing frequency in liar-

eneration 
monic steps usually is provided, generally by 
means of plug-in inductances. 
The general method of designing a transmit-

ter is to decide upon the power output and the 
highest output frequency required, and also 
the number of bands in which the transmitter 
is to operate. The latter usually will determine 
the oscillator frequency, since it is general 
practice to set the oscillator on the lowest fre-
quency band to be used. The oscillator fre-
quency seldom is higher than 7 Mc. except in 
some portable installations where tubes and 
power must be conserved. A suitable tube (or 
Pair of tubes) should be selected for the final 
amplifier, and the required grid driving power 
determined from the tube manufacturer's data. 
This sets the power require -I from the preced-
ing stage. From this point the same process is 
followed back to the oscillator, including fre-
quency multiplication wherever necessary. 
The selection of a suitable tube complement 
requires a knowledge of the operating char-
acteristics of the various types of amplifiers 
and oscillators. These are discussed in the 
following sections. 
Above 100 Mc. and higher frequencies these 

methods of transmitter design tend to become 
rather cumbersome, because of the necessity for 
a large number of frequency multiplier stages. 
However, in this frequency region less severe 
stability requirements are imposed because the 
transmission range is limited (§ 9-5) and the 
possibility of interference to other communica-
tion is reduced. Simple oscillator transmitters, 
without frequency multiplication or buffer am-
plifiers, are widely used. 
vacuum tubes— The type of tube used in 

the transmitter has an important effect on the 
circuit design. Tubes of high power sensitivity 
(§ 3-3) such as pentodes and beam tetrodes 
give larger power amplification ratios per stage 
than do triodes, hence fewer tubes and stages 
may be used to obtain the same output power. 
On the other hand triodes have certain oper-
ating advantages, such as simpler power sup-
ply circuits and relatively simpler adjustment 
for modulation (§ 5-3), and in addition are 
considerably less expensive for the same power 
output rating. Consequently it is usually more 
economical to use triodes as output amplifiers, 
even though an extra low-power amplifier 
stage may be necessary. 
At frequencies in the region of 50 Mc. and 

above it is necessary to select tubes designed 
particularly for operation at very-high fre-
quencies, since tubes built primarily for lower 
frequencies may work poorly or not at all. 

94 
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IQ 4-2 Self-Controlled Oscillators 

Advantages and disadvantages — The 
chief advantage of a self-controlled oscillator 
is that the frequency of oscillation is deter-
mined by the constants of the tuned circuit, 
and hence readily can be set to any desired 
value. However, extreme care in design and 
adjustment are essential to secure satisfactory 
frequency stability (§ 3-7). Since frequency 
stability is generally poorer as the load on the 
oscillator is increased, the self-controlled os-
cillator should be used purely to control fre-
quency and not for the purpose of obtaining 
appreciable power output in transmitters in-
tended for working below GO Mc. 

Oscillator circuits— The inherent stability 
of all of the oscillator circuits described in 
§ 3-7 is about the saine, since stability is more 
a function of choice of proper circuit values and 
of adjustment than of the method by which 
feed-back is obtained. However, some circuits 
are more convenient to use than others, par-
ticularly from the standpoint of feed-back ad-
justment, mechanical considerations (whether 
the tuning condenser rotor plates can be 
grounded or not, etc.), and uniform output 
over a considerable frequency range. In all sim-
ple circuits the power output must be taken 
from the freqiieney-determining tank circuit, 
which means that, aside from the effect of 
loading on frequency stability, the following 
amplifier stage can react on the oscillator and 
cause a change in the frequency. 

Factors influencing stability — The causes 
of frequency instability and the necessary 
remedial steps have been discussed in § 3-7. 
These apply to all oscillators, ln the ease of 
the electron-coupled oscillator the ratio of 
plate to screen voltage has marked effect on 
the stability with changes in supply voltage; 
the optimum ratio is generally of the order 
of 3:1, but should be determined experimen-
tally for each case. Since the cathode is above 
ground potential, means should be taken to 
reduce the effects of heater-to-cathode capaci-
tance or leakage which, by allowing a small 
a.c. voltage frQin the heater supply to de-
velop between cathode and ground, may cause 
modulation (§ 5-1) at the supply frequency. 

Fig.401— Elec-
tron-coupled os- 1-••• 
cillator circuit. 
RI should be 
100,000 ohms or 
more, the grid 
condenser 100 

and the 
other fixed con-
densers 0.002 to 
0.1 dd. 

This effect, which is usually appreciable only 
at 14 Me. and higher, may be reduced by 
by-passing the heater as in Fig. 401 or by op-
erating the heater at the sanie r.í. potential as 
the cathode. The latter may be accomplished 
by the wiring arrangement shown in Fig. 402. 

LC 

RFC 

Tank-circuit Q — The most important 
single factor in determining frequency stabil-
ity is the Q of the oscillator tank circuit. The 
effective Q must be as high as possible for best-
stability. Since oscillation is accompanied by 
grid-current flow the grid-cathode circuit 

Fig. 402— Method of r--- 
operating the heater at 
cathode r. f. potential in 
an electron -coupled os-
dilator. L2 should have 
the same number of turns 
as the cathmle section of 
.1.1 and should be il, sels 
coupled ( prcfe r a I I II - 
terwound). Condenser C 
may be 0.01 tu 0.1 fil. 

constitutes a resistance load of appreciable 
proportions, the effective resistance being low 
enough to be the determining factor in estab-
lishing the effective parallel impedance of the 
tank circuit. Consequently, if the ends of the 
tank are connected to plate and grid, as is 
usual, a high effective Q can be obtained only 
by decreasing the L/C ratio and making the 
inherent resistance in the tank as low as pos-
sible. The tank resistance can be decreased by 
using low-loss insulation and by winding the 
coil with large wire. With ordinary construe-
tion, the optimum tank capacity is of the order 
of 500 to 1000 pmfd. at a frequency of 3.5 Mc. 
The effective circuit Q can lie raised by in-

creasing the resistance of the grid circuit and 
thus decreasing the loading. This can be ae-
complished through reducing the oscillator grid 
current., which may be aeccimplished by using 
minimum feed-back for stable oscillation, plus 
a high value of grid-leak resistan i.e. 
A high-Q tank circuit can also be obtained 

with a higher L/C ratio by " tapping down" 
the tube connections oit the tank (§ 2-10). 
This is advantageous in that a coil with higher 
inherent. Q can be used; also, the circulating 
r.f. current in the tank circuit is reduced so 
that drift from coil heating is decreased. How-
ever, under some conditions parasitic oscilla-
tions may be set up ( § 4-10). 

Plate supply— Since the oscillator fre-
quency will be affected to some extent by 
changes In plate-supply voltage, it is neressary 
that the latter be free from ripple (§ 8-4) which 
would cause frequency variations at the ripple-
frequency rate (frequency modulation). It is ad-
vantageous to use a voltage-stabilized power 
supply (§ 8-8). Since the oscillator usually is 
operated at low voltage and current, VR-type 
gaseous regulator tubes are quite suitable. 
Power level— The self-controlled oscillator 

should be designed purely for frequency con-
trol and not to give appreciable power output, 
hence small tubes of the recei ving type may be 
used. The power input ordinarily is not more 
than a watt or two, subsequent buffer ampli-
fiers being used to increase the power to the 
desired level. The use of receiving tubes is 
advantageous mechanically, since the small 
elements are less susceptible to vibration and 
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usually are securely braced to the envelope of 
the tube. 
Oscillator adjustment— The adjustment 

of an oscillator consists principally in observ-
ing the design principles outlined in the pre-
ceding paragraphs. Frequency stability should 
be checked with the aid of a stable receiver. 
An auxiliary crystal oscillator may be used as a 
standard for checking dynamic stability and 
drift, the self-controlled oscillator being ad-
justed to approximately the same frequency 
so that an audio-frequency beat (§ 2-13) can 
be obtained. If it is possible to vary the oscil-
lator plate voltage (an adjustable resistor of 
50,000 or 100,000 ohms in series with the plate 
supply lead will give considerable variation), 
the change in frequency with change in plate 
voltage may be observed and the operating 
conditions varied until minimum frequency 
shift results. The principal factors affecting 
dynamic stability will be the tank circuit 
L/C ratio, the grid-leak resistance, and the 
amount of feed-bark. In t he electron-coupled 
circuit the latter may be adjusted by changing 
the cathode tap on the tank coil; critical ad-
justment is required for optimum stability. 

Drift may be checked by allowing the oscil-
lator to operate continuously from a cold start, 
the frequency change being observed at reg-
ular intervals. Drift may be minimized by us-
ing less than the rated power input to the plate 
of the tube, by construction which prevents 
tube heat from reaching the tank circuit ele-
ments, and by use of large wire in the tank coil 
to reduce temperature rise from internal heating. 

In the electron-coupled oscillator having a 
tuned plate circuit (Fig. 334), resonance at the 
fundamental and harmonic frequencies of the 
oscillator portion of the tube will be indicated 
by a decrease in plate current as the plate tank 
condenser is varied. This " dip" is less marked 
at the fundamental than on harmonics. 

4-3 Crystal Control 

Characteristics — Piezoelectric crystals 
(§ 2-12-D) are widely used for controlling the 
frequency of transmitting oscillators, because 
the extremely high Q of the crystal and the 
necessarily loose coupling between it and the 

Fig. 403 — Triode ers -tal oscillator. The tank con-
denser, CI, may he a 100-55fd. variable, with Li propor-
tioned so that the tank will tune to the crystal frequency. 
Ca should he 0.001 5fd. or larger. The grid leak, Rt. 
will vary with the type of tube: high-5 tubes take values 
of 2500 to 10,000 ohms, while medium and los types 
take values of 10,000 to 25.000 ohms. A small flashlight 
bulb or r.f. milliaruzneter (4 4-3) may be inserted at X. 

oscillator tube make the frequency stability 
of a crystal-controlled oscillator very high. 
The ability to adhere closely to a known fre-

quency is the outstanding characteristic of a 
crystal oscillator. This also is a disadvantage, in 
that a different crystal is required for each fre-
quency on which the transmitter is to operate. 
Power limitations— The temperature of 

a crystal depends not only on the temperature 
of its surroundings but also on the power it 
must dissipate while oscillating, since power 
dissipation causes heating (§ 2-6, 2-8). Conse-
quently, the crystal temperature in operation 
may be considerably above that of the sur-
rounding air. To minimize heating and fre-
quency drift (§ 3-7), the power dissipated 
must be kept to a minimum. 

If the crystal is made to oscillate too strongly, 
as when it is used in an oscillator circuit with 
high plate voltage and excessive feed-back, the 
amplitude of the mechanical vibration will 
become great enough to crack or puncture the 
quartz. An indication of the vibration ampli-
tude (and power dissipated) can be obtained by 
connecting an r.f. current-indicating device of 
suitable range in series with the crystal. Safe 
r.f. crystal currents range from 50 to 200 milli-
amperes, depending upon the type of crystal 
cut. A flashlight bulb or dial light of equivalent 
current rating makes a good current indicator. 
By choosing a bulb of lower rating than the 
current specified by the manufacturer as safe 
for the particular type of crystal used, I he bulb 
will serve as a fuse, burning ont before a cur-
rent dangerous to the crystal is reached. The 
60-ma. and 100-ma. bulbs may be used for this 
purpose. 

Crystal mountings— To make use of the 
crystal, it must be mounted between two metal 
electrodes. There are two types of mountings, 
one having a small air-gap between the top 
plate and the crystal and the other maintaining 
both plates in contact with the crystal. It is es-
sential that the surfaces of the metal plates in 
contact with the crystal be perfectly flat. In 
the air-gap type of holder, the frequency of 
oscillation depends to some extent upon the 
size of the gap. By using a holder having a top 
plate with closely adjustable spacing, a con-
trollable frequency variation can he obtained. 
A suitable 3.5-Mc. crystal will oscillate without 
great variation in power output over a range of 
about 5 kc. X- and Y-cut crystals are not 
generally suitable for this type of operation; 
they have a tendency to "jump" in frequency 
with different air gaps. 
A holder having a heavy metal bottom plate 

with a large surface exposed to the air is ad-
vantageous in that it radiates quickly the 
heat generated in the crystal, thereby reducing 
temperature effects. Different plate sizes, 
pressures, etc., will cause slight changes in 
frequency, so that if a crystal is being ground 
to an exact frequency it should be tested in the 
same holder and in the same oscillator circuit 
with which it will be used in the transmitter, 
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Fig. 40.1— Tetrode or 
pentode crystal oscil-
lator. Typical values: 
C1, 100 55M., with L 
wound to suit fre-
quency; G, G, 0.001 
dd. or larger; C.4, 0.01 
pfd.; RI, 10,000 to 
50,000 ohms (value (Ie-
termined by trial); 
R2, 250 to 400 ohms. 

11, 4-4 Crystal Oscillators 

Triode oscillators— The triode crystal os-
cillator circuit (§ 3-7) is shown in Fig. 403. 
The limit of plate voltage that can be used 
without endangering the crystal is about 250 
volts. With the r.f. crystal current limited to a 
safe value of about 100 ma., the power output 
obtainable is about 5 watts. The oscillation 
frequency is dependent to some extent on the 
plate tank tuning, because of the change in in-
put capacity with changes in effective ampli-
fication (§ 3-3). 
Tetrode and pentode oscillators— Since 

the power output of a crystal oscillator is lim-
ited by the permissible r.f. crystal current 
(§4-3), it is advantageous to use an oscillator 
tube of high power sensitivity (§ 3-3) such as 
a pentode or beam tetrode (§ 3-5). Thus for a 
given crystal voltage or current more power 
output may be obtained than with the triode 
oscillator, or for a given output the crystal 
voltage will be lower, thereby reducing crystal 
heating. In addition, tank-circuit tuning and 
loading react less on the crystal frequency be-
cause of the lower grid-plate capacity (§ 3-3). 

Fig. 404 shows a typical pentode or tetrode 
oscillator circuit. Pentode and tetrode tubes 
originally designed for audio power work are 
excellent crystal-oscillator tubes. The screen 
voltage is generally of the order of half the 
plate voltage for optimum operation. Small 
tubes rated at 250 volts for audio work may be 
operated with 300 volts on the plate and 
100-125 on the screen as crystal oscillators. 
The screen is at ground potential for t.f. and 
has no part in the operation of the circuit 
other than to set the operating characteristics 
of the tube. The larger beam tubes may be 
operated at 400 to 500 volts on the plate and 
250 on the screen for maximum output. 

Pentode oscillators operating at 250 to 300 
volts will give 4 or 5 watts output under nor-
mal conditions. Beam-type tubes such as the 
6L6 and 807 will give 15 watts or more at 
maximum plate voltage. 
The grid-plate capacity may be too low to 

give sufficient feed-back, particularly at the 
lower frequencies, in which ease a feed-back 
condenser, Cs, may he required. Its capacity 
should be the lowest value which will give stable 
oscillation; 1 or 2 ppfd. is generally sufficient. 
R2 and C4 may be omitted, connecting the 
cathode directly to ground, if plate voltage is 
limited to 250 volts. C5 (if needed) may be 
formed by two metal plates %-inch square 
spaced Wy inch. If the tube has a suppressor 

grid, it should be grounded. X indicates where 
a flashlight bulb may be inserted (§ 4-3). 

Circuit constants— Typical values for 
grid-leak resistances and by-pass condensers 
are given in Figs. 403 and 404. Since the 
crystal is the frequency-determining element, 
the Q of the plate tank circuit has a relatively 
minor effect on the oscillator frequency. A Q 
of 12 (§ 4-8) is satisfactory for average condi-
tions, but some departure from this figure will 
not greatly affect the performance of the 
oscillator. 
Adjustment of crystal oscillators— The 

tuning characteristics and procedure to be fol-
lowed in tuning are essentially the same for 
triode, tetrode or pentode crystal oscillators. 
Using a plate milliammeter as an indicator 
of oscillation (a 0-100 ma. d.c. meter will have 
ample range for all low-power oscillators), the 
plate current will be found to he steady when 
the circuit is in the non-oscillating state, but 
will dip when the plate condenser is tuned 
through resonance at the crystal frequency. 
Fig. 405 is typical of the behavior of plate cur-
rent as the tank condenser capacity is varied. 
An r.f. indicator, such as a small neon bulb 
touched to the plate end of the tank coil, will 
show a maximum indication at point .4. How-
ever, when the oscillator is delivering power to 
a load it is best to operate in the region B-C 
since the oscillator will be more stable and 
there is less likelihood that a slight change in 
loading will throw the circuit out of oscillation, 
which is likely to happen when operation is too 
near the critical point, .4. The crystal current 
also is lower in the B-C region. 
When power is taken from the oscillator the 

dip in plate current is less pronounced, as in-
dicated by the dotted curve. The greater the 
power output, the smaller the dip in plate cur-
rent. If the load is made too great, oscillations 
will not start. Loading is adjusted by varying 
the coupling to the load circuit (§ 2-11). 

s. 
Loaded 

•••••• 

/ear rumva (_ cuarr eti" 

Pig. 10.1 — Curves show-
ing plate current vs. 
plate-circuit tuning in a 
crystal oscillator, both 
with and without load. 
These curves apply equally 
to the triode, tetrode or 
pentode crystal oscillator. 

The greater the loading, the smaller the volt-
age fed back to the grid circuit for excitation 
purposes. This means that the r.f. voltage 
across the crystal also will be reduced under 
load, hence there is less crystal heating when 
the oscillator is delivering power than when it 
is unloaded. 

Failure of a crystal circuit to oscillate may 
be caused by any of the following: 

1) Dirty, chipped or fractured crystal. 
2) Imperfect or unclean holder surfaces. 
3) Too tight coupling to load. 
4) Plate tank circuit not tuning correctly. 
5) Insufficient feed-back capacity. 
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Fig. .106 — Pierce os-
cillator circuit. R, is 
25,000 to 50,000 ohms. 
R2 is 1000 ohms; 143, 
75,000 ohms for a 6F6; 
CI, 0.001 to 0.01 dd.; 
C3 and Ci. 0.01 dd. 
For values of C2 and 
Ce, see text. 

Pierce oscillator — This circuit, Fig. 406, 
is equivalent to the ultraudion circuit (§3-7), 
with the crystal rpplacing the tuned circuit. 
Although the output is small, it has the ad-
vantage that no tuning controls are required. 
The circuit requires capacitive coupling to a 
following stage. The amount of feed-back is de-
termined by the condenser, C2; its capacity 
must be determined by experiment, usual val-
ues being between 50 and 150 µdd. To sustain 
oscillation, the net reactance (§ 2-8) of the 
plate-cathode circuit must be capacitive; this 
condition is met so long as the inductance of 
the r.f. choke, together with the inductance 
of any coils associated with the input circuit 
of the following stage and the tube and stray 
capacities, forms a circuit tuned to a lower 
frequency than that of the crystal. 
Tubes such as the triode 6C5 and pentode 

6F6 are suitable for use in this circuit. (When a 
triode is used the screen-voltage dropping 
resistor, 1?5, and by-pass condenser, C4, in Fig. 
406 should, of course, be omitted.) The applied 
plate voltage should not exceed 300, to prevent 
crystal fracture. The capacity of the output-
coupling condenser, C5, should be adjusted 
by experiment so that the oscillator is not over-
loaded; usually 100 µpa is a satisfactory value. 

11. 4-5 Harmonic-Generating Crystal 
Oscillators 

Tri-tet oscillator — The Tri-tet oscillator 
circuit is shown in Fig. 407. In this circuit the 
screen grid is operated at ground potential 
and the cathode at an r.f. potential above 
ground. The screen-grid acts as the anode of a 
triode crystal oscillator, while the plate or out-
put circuit is tuned to the oscillator frequency 
or, for harmonic output, to a multiple of it. 

Besides giving harmonic output., the Tri-tet 
circuit has the " buffering" feature of electron-
coupling between crystal and output circuits 
(§ 4-2). This makes the crystal frequency less 
susceptible to changes in loading or tuning, and 
hence improves the stability. 

If the output circuit is to be tuned to the 
same frequency as the crystal, a tube having 
low grid-plate capacity (§ 3-2, 3-5) must be 
used. Otherwise there may be excessive feed-
back with consequent danger of fracturing the 
crystal. The cathode tank circuit, L1 C1, is not 
tuned to the frequency of the crystal, but to a 
considerably higher frequency. Recommended 
values for L1 are given under the diagram. Ci 
should be set to as near minimum capacity as is 
consistent with good output. This reduces the 
crystal voltage. 
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With pentode-type tubes having separate 
suppressor connections, the suppressor may be 
either connected directly to ground or oper-
ated at about 50 volts positive. The latter 
method will give somewhat higher output. 

With transmitting pentodes or beam tubes 
operated at 500 volts on the plate an output of 
15 watts can be obtained on the fundamental 
and nearly as much on the second harmonic. 
Grid-plate oscillator — In the grid-plate 

oscillator, Fig. 408, the crystal is connected be-
tween grid and ground and the cathode tuned 
circuit, C2 and RFC, is tuned to a frequency 
lower than that of the crystal. This circuit gives 
high output on the fundamental crystal fre-
quency with low crystal current. The output on 
even harmonies (2nd, 4th, etc.) is not so great 
as that obtainable with the Tri-tot, but on odd 
harmonics (3rd, 5th, etc.) the output is ap-
preciably better. 

If harmonic output is not needed, C2 may be 
a fixed capacity of 100 µdd. The cathode coil, 
RFC, may be a 2.5-nih. choke, since the in-
ductance is not critical. 
Output power of 15 to 20 watts at the crystal 

fundamental may be obtained with a tube 
such as the 6L6G at plate and screen voltages 
of 400 and 250, respectively. 
Tuning and adjustment — The tuning pro-

cedure for the Tri-tet oscillator is as follows: 
With the cathode tank condenser at about 
three-quarters scale turn the plate tank con-
denser until there is a sharp dip in plate cur-

-a •5uP. tS.G. 513 

(A) 

Fig. 407— Tri-tet oscillator cirent, using pentodes (A) 
or beam tetrodes (B). CI and C2 are 200-ppfd. variable 
condensers. C3, C4, Cs, C6t may be 0.001 to 0.01 pfd.; 
their values are Dot critical. RI, 20,000 to 100,000 ohms. 
R2 should be 400 ohms for 400- or 500-volt operation. 
The following specifications for the cathode coils, Li, are 
based on a diameter of inches and a length of 1 inch; 
turns should be spaced evenly to fill the required length: 
for 1.75-Mc. crystal, 32 turns; 3.5 Mc., 10 turns; 7 
Mc., 6 turns. The screen should he operated at 250 volts 
or less. Audio beam tetrodes such as the 6L6 and 6L6G 
should be used only for second-harmonie output. A flash-
light bulb may be inserted at the point marked X (1 4-3). 
The L/C ratioin the plate tank, L2C2, should he such that 
the capacity in use is 75 to 100 gad. for fundamental 
output and about 25 ppfd, for sccond-liarmonic output. 
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Fig. 408 — Grid-plate crystal oscillator circuit. in the 
cathode circuit, RFC is a 2.5-mh. r.f. choke. Other con-
stants arc the sanie as in Fig. 407. A crystal-current in-
dicator may be inserted at the point marked X•(§ 4-3). 

rent, indicating that the plate circuit is in 
resonance. The crystal should be oscillating 
continuously, regardless of the setting of the 
plate condenser. Set the plate condenser so 
that plate current is minimum. The load cir-
cuit may then be coupled and adjusted so 
that the oscillator delivers power. The mini-
mum plate current will rise; it may be neces-
sary. to retune the plate colidenser when the load 
is coupled to bring the plate current to a new 
minimum. Fig. 409 shows the typical behavior 
of plate current with plate-condenser tuning. 

After the plate circuit is adjusted and the 
oscillator is delivering power, the cathode 
condenser should be readjusted to obtain 
optimum power output. The setting should be 
as far toward the low-capacity end of the scale 
as is consistent with good output; it may, in 
fact, be desirable to sacrifice a little output if 
so doing lowers the current through the crystal 
and thus reduces heating. 

For harmonic output the plate tank circuit 
is tuned to the harmonic instead of the funda-
mental of the crystal frequency. A plate-cur-
rent dip will occur at the harmonic. If the 
cathode condenser is adjusted for maxi mum 
output at the harmonic, this adjustment will 
usually serve for the fundamental as well. The 
crystal should be checked for excessive heating, 
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the most effective remedy being to lower plate 
and/or screen voltage or to reduce the loading. 
Maximum r.f. voltage across the crystal is de-
veloped at maximum load, so heating should 
be checked with the load coupled. 
When a fixed cathode condenser is used in 

the grid-plate oscillator the plate tank circuit is 
simply resonated, as indicated by the plate-
current dip, to the fundamental or a harmonic 
of the output frequency, loading being ad-
justed to give optimum power output. If the 
variable cathode condenser is used, it should be 
set to give, by observation, the maximum 
power output consistent with safe crystal cur-
rent. The variable condenser is useful chiefly in 
increasing the output on the third and higher 
harmonics; for fundamental operation, the 
cathode capacity is not critical and the fixed 
condenser may be used. 

Fig. 409 — Curves show-
ing d.c. plate current vs. k 
plate-condenser t  • g, k 
both with and without ‘..1 
load, for the Tri-tit oseil. 14,4 
lawn The setting for ) 
n t i tt Minn' plate current 
may shift with loading. —4.  

rumNo c4P4arr 

4-6 Interstage Coupling 

Requirements — The purpose of the inter-
stage coupling system is to transfer, with as 
little energy loss as possible, the power devel-
oped in the plate circuit of one tube (the driver) 
to the grid circuit of the following amplifier 
tube or frequency multiplier. The circuits in 
practical use are based on the fundamental 
coupling arrangements described in § 2-11. In 
the process of power transfer, impedance trans-
formation (§ 2-9) frequently is necessary so 
that the proper exciting voltage and current 
will be available at the grid of the driven tube. 

DRIVER AMR 

DRIVER AMP 

Fig. 410 — Direct- or capacity-coupled driver and amplifier stages. The coupling capacity may be from SO add. 
to 0.002 dd.; it is not critical except where tapping the coils for control of excitation is not possible. Parallel 
plate feed to the driver and series grid feed to the amplifier may he substituted in any of these circuits (§ 3-7). 
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Capacity coupling — Fig. 410 shows several 
types of capacitive coupling. In each case, C 
is the coupling condenser. The coupling con-
denser serves also as a blocking condenser 
(§ 2-13) to isolate the d.c. plate voltage of the 
driver from the grid of the amplifier. The cir-
cuits of C and I) are preferable when a bal-
anced circuit is used in the output of the 
driver; instead of both tubes being in parallel 
across one side, the output capacity of the 
driver tube and the input capacity of the am-
plifier are across opposite sides of the tank 
circuit, thereby preserving a better circuit bal-
ance. The circuits of E and F are designed for 
coupling to a push-pull stage. 

In A, B, E and F, excitation is adjusted by 
moving the tap on the coil to provide an opti-
mum impedance match. In E and F, the two 
grid taps should be maintained equidistant 
from the center-tap on the coil. 

While capacitive coupling is simplest from 
the viewpoint of construction, it has certain 
disadvantages. The input capacity of the am-
plifier is shunted across at least a portion of the 
driver.tank coil. When added to the output 
capacity of the driver tube, this additional ca-
pacity may be sufficient, in many cases, to 
prevent use of a desirable L 'C ratio in circuits 
for frequencies above about 7 Me. 
Link coupling— At the higher frequencies 

it is advantageous in reducing the effects of 
tube capacities on the L."C" ratio to use separate 
tank circuits for the driver plate and amplifier 
grid, coupling the two circuits by means of a 
link (§ 2-11). This method uf coupling also 
has some constructional advantages, in that 
separate pitrts of the transmitter may be con-
structed as separate units without the neces-
sity for running long leads at high r.f. potential. 

DRIVER AMR 
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DRIVER 
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Fig.411— Link coupling between driver and amplifii.r. 

Circuits for link coupling are shown in Fig. 
411. The coupling ordinarily is by a turn or 
two of wire closely coupled to the tank induct-
ance at a point of low r.f. potential, such as the 
center of the coil of a balanced tank circuit or 
the " ground" end of the coil in a single-ended 
circuit. The link line usually • consists of two 
closely spaced parallel wires; occasionally the 
wires are twisted together, but this usually 
causes undue losses at high frequencies. 

It is advisable to have some means of vary-
ing the coupling between link and tank coils. 
The link coil may be arranged to be swung in 
relation to the tank coil or, when it consists of 
a large turn around the outside of the tank coil, 
may be split into two parts which can be pulled 
apart or closed somewhat in the fashion of a 
pair of calipers. If the tank coils are wound on 
forms, the link may be wound close to the main 
coil. 
With fixed coils, sonic adjustment of cou-

pling usually can be obtained by varying the 
number of turns on the link. In general, the 
proper number of turns for the link must he 
found by experiment. 

I[1 4-7 R.F. Power-Amplifier Circuits 

Tetrode and pentode amplifiers— When 
the input and output circuits of an r.f. ampli-
fier tube are tuned to the same frequency it 
will oscillate as a tuned-grid tuned-plate oscil-
lator, unless some means is provided to elimi-
nate the effects of feed-back .through the plate-
to-grid capacity of the tube (§ 3-5). In all 
transmitting r.f. tetrodes and pentodes, this 
capacity is reduced to a satisfactory degree by 
the internal shielding between grid and plate 
provided by the screen. Tetrodes and pentodes 
designed for audio use (such as the 6L6, 61-6, 
61.'6, etc.) are not sufficiently well screened for 
use as r.f. amplifiers without employing suit-
able means for nullifying the effect of the grid-
plate capacity. 

Typical circuits of tetrode and pentode r.f. 
amplifiers are shown in Fig. 412. The high 
power sensitivity (§ 3-3) of pentodes and tet-
rodes, makes them prone to self-oscillate with 
very small values of feed-back voltage, how-
ever, so that particular care must be used 
to prevent feed-back by means external to the 
tube itself. This calls for adequate isolation of 
plate and grid tank circuits to prevent unde-
sired magnetic or capacity coupling between 
them. The requisite isolation can be secured 
either by keeping the circuits well separated 
and mounting the coils so that magnetic cou-
pling is minimized, or by the use of interstage 
shielding (§ 2-11). 

Triode amplifiers — The feed-back through 
the grid-plate capacity of a triode cannot be 
eliminated, and therefore special circuit means 
called neutralization must be used to prevent 
oscillation. A properly neutralized triode am-
plifier then behaves as though it were operating 
at very low frequencies, where the gri t e 
capacity feed-back is negligible (§ 3-3). 



Power 

The out-of-phase current (or voltage) can be 
obtained quite readily by using a balanced 
tank circuit for either grid or plate, taking the 
neutralizing voltage from the end of the tank 
opposite that to which the grid or plate is 
connected. The amplitude of the neutralizing 
voltage can be regulated by means of a small 
condenser, the neutralizing condenser, having 
the same order of capacity as the grid-plate 
capacity of the tube. Circuits in which the 
neutralizing voltage is obtained from a bal-
anced grid tank and fed to the plate through 
the neutralizing condenser are grid-neutralized 
circuits, while if the neutralizing voltage is 
obtained from a balanced plate tank and fed to 
the grid the circuit is plate-neutralized. 

Plate-neutralized circuits — The circuits 
for plate neutralization are shown in Fig. 413 
at A, B and C. In A, voltage induced in the 
extension of the tank coil is fed back to the 
grid through the neutralizing condenser, C,,, to 
balance the voltage appearing between grid 
and plate. In this circuit, the capacity required 
at C. increases as the tank coil extension is 
made smaller; in general, neutralization is sat-
isfactory over only a small range of frequencies 
since the coupling between the two sections of 
the tank coil will vary with the amount of 
capacity in use at C. 

In B the tank coil is center-tapped to give 
equal voltages on either side of the center tap, 
the tank condenser being across the whole coil. 
The neutralizing capacity is approximately 
equal.to the grid-plate capacity of the tube, in 
this case. A disadvantage of the circuit, when 
used with the single tank condenser shown, is 
that the rotor of the condenser is above ground 
potential, and hence small capacity changes 
caused by bringing the hand near the tuning 
control (hand capacity) cause detuning. In gen-
eral, neutralization is complete at only one 
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Fig.4I2 — Typical tctrode-pentode r.f. amplifier circuits. 
— 0.01 pfd. C2 — 0.001 pfd. C3-L — Scc 1 4-8. 

In circuits for tetrodes, the suppressor-grid connection 
and its associated by-pass condenser are omitted. 

Neutralization — Neutralization amounts 
to taking some of the radio-frequency current 
from the output or input circuit of the am-
plifier and introducing it into the other circuit 
in such a way that it effectively cancels the 
current flowing through the grid-plate capacity 
of the tube, thus rendering it impossible for the 
tube to supply its own excitation. For com-
plete neutralization of the amplifier, the two 
currents must be opposite in phase (§ 2-7) and 
equal in amplitude. 

414.1f. 
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frequency since the plate-cathode capacity of 
the tube is across only half the tank coil; also, 
it is difficult to secure an exact center-tap. Both 
of these factors cause unbalance, which in turn 
causes the voltages across the two halves of the 
coil to differ when the frequency is changed. 
The circuit of C also uses a center-tapped 

tank circuit, the voltage division being secured 
by use of a balanced (split-stator) tank con-
denser, the two condenser sections being iden-
tical. C. is approximately equal to the grid-
plate capacity of the tube. In this circuit the 
upper section of the tank condenser is in paral-
lel with the output capacity of the tube, hence 
the circuit can be completely neutralized at 
only one setting of the tank condenser unless a 

Fig. 414 — Compen-
sating for unbalance in 
the single- tube neu-
tralizing circuit. 
the balancing conden-
ser, has a maximum 
capa•ity somewhat 
larger than the output 
capacity of the tube. 

compensating capacity ( Fig. 414) is connected 
across the lower section. It is adjusted so the 
neutralizing condenser need not be changed 
when frequency is shifted. In practice, if the 
capacity in use in the tank circuit is large com-
pared to the plate-cathode capacity the unbal-
ancing effect is not serious. 

Grid-neutralised circuits— Typical cir-
cuits employing grid neutralization are shown 
in Fig. 413 at I), E and F. The principle of bal-
ancing out the feed-back voltage is the same as 
in plate neutralization. However, in these cir-
cuits the neutralizing voltage may be either in 
phase or out of phase with the excitation volt-
age on the grid side of the input tank circuit 
depending upon whet her t he tank is divided by 
means of a balanced condenser or a tapped coil. 
Circuits such as those at I) and E, neutralized 
by ordinary procedure (described below), will 
be regenerative when the plate volt age is ap-
plied; the circuit at Ire will be degenerative. In 
addition the normal unbalancing effects previ-
ously described are present, so that grid neu-
tralizing is less satisfactory than the plate 
method. 
Inductive neutralization — With this type 

of neutralization, inductive coupling between 
the grid and plate circuits is provided in such a 

way that the voltage induced in the grid coil by 
magnetic coupling from the plate coil opposes 
the voltage fed back through the grid-plate 
capacity of the tube. A representative circuit 
arrangement, using a coupling link to provide 
the mutual inductance (§ 2-11), is shown in 
Fig. 415-A. The link coils are of one or two 
turns coupled to the grounded ends of the tank 
coils. Neutralization is adjusted by moving the 
link coils in relation to the tank coils. Reversal 
of connections to one coil may be required for 
proper phasing. Ordinary inductive coupling 
between the two coils also could be used, but it 
is less convenient. Inductive neutralization is 
complete only at one frequency since the effec-
tive mutual inductance changes to some extent 
with tuning, but is useful in cases where the 
grid-plate capacity of the tube is very small 
and suitable circuit balance cannot be obtained 
by using neutralizing condensers. 

Another form of neutralization, known as 
"coil" or " shunt" neutralizatiim, is shown at 
B. Its operation is based on niaking the induct-
ance of L. such that, together with the grid-
plate capacity of the tube, it resonates at the 
operating frequency. C2 is merely a plate-volt-
age blocking condenser. If the Q of the coil 
is sufficiently high, the parallel resonant im-
pedance between grid and plate is much higher 
tha it the grid-cathode circuit inqsalance. Be-
cause the system is difficult to adjust. and func-
tions satisfactorily only at. one frequency, it is 
used chiefly in fixed-frequency transmitters. 
The variation in Fig. 414-C is useful for v.h.f. 
In this arrangement the coil is replaced by a 
parallel line, the effective length of which is 
adjusted until it is resonant when loaded by 
the grid-plate capacity. 
Posh-poll nett tralization — With push-

pull circuits two neutralizing condensers are 
used. as shown in Fig. 416. In these circuits, the 
grid- plate capacities of the tubes and the neu-
tralizing capacities form a capacity bridge 
(§ 2-11) which is independent of the grid and 
plate tank circuits. The neutralizing capacities 
are approximately the sanie as the tube grid-
plate capacities. With electrically similar tubes 
and symmetrical construction (stray capacities 
to ground equal on both sides of the circuit), 
the neutralization is complete and independent 
of frequency. A circuit using a balanced con-
denser, as at B, is preferred, since it is an aid 
in obtaining good circuit balance. 

(B) 

Fig. 415 — Inductive neutralization circuits. A, link neutralization. 13, "coil" or shunt 
neutralization. C, modified shunt neutralizing circuit for ell. using a half-wave line. 
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Frequency effects— The effects of slight 

dissymmetry in a neutralized circuit become 
more important as the frequency is raised, and 
may be sufficient at the very-high frequencies 
(or even lower) to prevent good neutralization. 
At these frequencies the inductances and stray 
capacities of even short leads become impor-
tant elements in the circuit., while input load-
ing effects (§ 7-6) may make it impossible to 
get proper phasing, particularly in single-tube 
circuits. In such cases the use of a push-pull 
amplifier, with its general freedom from the 
effects of dissymmetry, is not only much to be 
preferred but may be the only type of circuit 
which can be satisfactorily neutralized. 
Neutralizing condensers— In most cases 

the neutralizing voltage will be equal to the 
r.f, voltage between the plate and grid of the 
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Fig. 416 —"Cross-neutralized" push-pull r.f. amplifier 
circuits. Either capacitive or link coupling may be used. 
C-L — See § —  Neuiridizing condensers. 
Ci — 0.01 pfd. C2 — 0.001 ad. or larger. 

tube, so that for perfect balance the capacity 
required in the neutralizing condenser theoret-
ically will be equal to the grid-plate capacity. 
If, in the circuits having tapped tank coils, the 
tap is more than half the total number of turns 
from the plate end of the coil, the required neu-
tralizing capacity will increase approximately 
in proportion to the relative number of turns in 
the two sections of the coil. 

With tubes having grid and plate con-
nections brought out through the bulb, a con-
denser having at about half-scale or less a ca-
pacity equal to the grid-plate capacity of the 
tube should be chosen. If the grid and plate 
leads are brought through a common base the 
capacity needed is greater, because the tube 
socket and its associated wiring adds some ca-
pacity to the actual interelement capacities. 

When two or more tubes are connected in 
parallel, the neutralizing capacity required 
will be in proportion to the number of tubes. 
The voltage rating of neutralizing con-

densers must at least equal the r.f. voltage 
across the condenser plus the sum of the d.c. 
plate voltage and the grid-bias voltage. 
Neutralizing procedure— The procedure 

in neutralizing is essentially the same for all 
tubes and circuits. The filament of the tube 
should be lighted and excitation from the pre-
ceding stage fed to the grid circuit. There 
should be no plate voltage on the amplifier. 
The grid-circuit milliammeter makes a good 

neutralizing indicator. If the circuit is not com-
pletely neutralized, tuning of the plate tank cir-
cuit through resonance will change the tuning of 
the grid circuit and affect its loading, causing a 
change in the rectified d.c. grid current. The 
setting of the neutralizing condenser which 
leaves the grid current unaffected as the plate 
tank is tuned through resonance is the correct 
one. lf the circuit is out of neutralization, the 
grid current will drop perceptibly as the plate 
tank is tuned through resonance. As the point 
of neutralization is approached, by adjusting 
the neutralizing capacity in small steps the dip 
in grid current as the plate condenser is swung 
through resonance will become less and less 
pronounced, until, at exact neutralization, 
there will be no dip at all. Further change of 
the neutralizing capacity in the saine direction 
will bring the grid-current dip back. The neu-
tralizing condenser should always be adjusted 
with a screwdriver of insulating material to 
avoid hand-capacity effects. 
Adjustment of the neutralizing condenser 

may affect the tuning of the grid tank or driver 
plate tank, so both circuits should be retuned 
each time a change is made in neutralizing 
capacity. In neutralizing a push-pull amplifier 
the neutralizing condensers should be adjusted 
together, step by step, keeping their capacities 
as equal as possible. 

With single-ended circuits having split-stator 
neutralizing, the behavior of the grid meter 
will depend somewhat upon the type of tube 
used. If the tube output capacity is not great 
enough to upset the balance, the action of the 
meter will be the same as in other circuits. 
With high-capacity tubes, however, the meter 
usually will show a gradual rise and fall as the 
plate tank is tuned through resonance, reach-
ing a maximum right at resonance when the 
circuit is properly neutralized. 
When an amplifier is not neutralized a neon 

bulb touched to the plate of the amplifier tube 
or to the plate side of the tuning condenser will 
glow when the tank circuit is tuned through 
resonance, providing the driver has sufficient 
power. The glow will disappear when the am-
plifier is neutralized. However, touching the 
neon bulb to such an ungrounded point in the 
circuit may introduce enough stray capacity 
to unbalance the circuit slightly, thus upsetting 
the neutralizing. 
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Fig. 417- Inver cd amplifier. Tile number of turns at 
1.41oulit be adjus cd b. exp,riment to give optimum grid 
excitation. By-pa« condenser C is 0.001 µM. or larger. 

A flashlight bulb connected in series with a 
single-turn loop of wire 2 j.-.; or 3 inches in 
diameter, with the loop coupled to the tank 
coil, also will serve as a neutralizing indicator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 
Incomplete neutralization— If a setting 

of the neutralizing condenser can be found 
which gives minimum r.f. current in the plate 
tank circuit without completely eliminating it, 
there may be magnetic or capacity coupling 
between the input and output circuits external 
to the tube itself. Short leads in neutralizing 
circuits are highly desirable, and the input 
and output. inductances should be so placed 
with respect to each other that magnetic 
coupling is minimized. Usually 1 his requires 
that the axes of the coils must be at right 
angles to each other. In some cases it may be 
necessary to shield t he input and output cir-
cuits from each other. Magnetic coupling can 
be detected by disconnecting the plate tank 
from the remainder of the circuit and testing 
for r.f. in it (by means of the flashlight lamp 
and loop) as the tank condenser is tuned 
through resonance. The driver stage must be 
operating while this is done, of course. 

With single-ended amplifiers there are many 
stray capacities left uneompensated for in the 
neutralizing process. With large tubes, espe-
cially those having relatively high interelec-
trode capacities, these commonly neglected 
stray capacities can prevent perfect neutraliza-
tion. Symmetrical arrangement. of a push-pull 
stage is about the only way to obtain practically 
perfect balance throughout the amplifier. 
The neutralization of tubes with extremely 

low grid-plate capacity, such as the 6L6, is 
often difficult, since it frequently happens that 
the wiring itself will introduce sufficient ca-
pacity between the right points to " over-
neutralize" the grid-plate capacity. The use 
of a neutralizing condenser only aggravates 
the condition. Inductive or link neutralization, 
as shown in Fig. 415, has been used successfully 
with such tubes. 
The inverted amplifier— The circuit of 

Fig. 417 avoids the necessity for neutralization 
by operating the control grid of the tube at 
ground potential, thus making it serve as a 
shield between the input and output circuits. 
It is particularly useful wit h tubes of low 
grid-plate capacity, which are difficult to neu-
tralize by ordinary methods. Excitation is ap-

plied between grid and cathode through the 
coupling coil, L; since this coil is common to 
both the plate and grid circuits the amplifier 
is degenerative with the circuit constants 
normally used, hence more excitation voltage 
and power are required for a given output than 
is the case with a neutralized amplifier. The 
tube used must have low plate- cathode ca-
pacity (of the- order of 1 apfd. or less) since 
larger values will give sufficient feed-back to 
permit it to oscillate, the circuit. then becom-
ing the ultraudion (§ 3-7). Tubes having suf-
ficiently low plate-eathede capacity (audio 
pentodes, for example) can be used without 
danger of oscillation at frequencies up to per-
haps 30 Mc. or so. 

4-8 Power Amplifier Operation 

Efii C iC17 Cy — An r.f. power amplifier is 
usually operated Class-C (§ 3-4) to obtain a 
reasonably high value of plate efficiency 
(§ 3-3). The higher the plate efficiency the 
higher the power input that. can be applied to 
the tube without exceeding the plate dissipa-
tion rating (§ 3-2), up to the limits of other 
tube ratings (plate voltage and plate current). 
Plate efficiencies of the order of 75 per cent are 
readily obtainable at frequencies up to the 
30-50- Mc. region. The aver-all efficiency of the 
amplifier will be lower by the power lost. in 
the tank a.nd coupling circuits, so that the ac-
tual efficiency is less than the plate efficiency. 
Operating angle— The operating angle is 

the proportionate part of the exciting grid-
voltage cycle (§ 2-7) during which plate cur-
rent flows, as shown in Fig. 413. For Class-C 
operation, it is usually in the vicinity of 120-150 
degrees. With other operating considerations, 
this angle results in an optimum relationship be-
tween plate efficiency and grid driving power. 
Load impedance— The load impedance 

(§3-3) for an r.f. power amplifier is adjusted, 
by tuning the plate tank circuit to resonance, 
to represent a pure resistance at the operating 
frequency (§ 2-10). Its value, which usually is 
in the neighborhood of a few thousand ohms, is 
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Fig. 418 — Instantaneous voltages and currents in a 
Class-C amplifier operating under optimum conditions. 
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adjusted by varying the loading on the tank 
circuit, closer coupling to the load giving lower 
values of load resistance and vice versa 
(§ 2-11). The load may be either the grid cir-
cuit of a following stage or the antenna circuit. 

For highest efficiency the value of load re-
sistance should be relatively high, but if only 
limited excitation voltage is available greater 
power output will be secured by using a lower 
value of load resistance. The latter adjustment 
is accompanied by a decrease in plate effi-
ciency. The optimum load resistance is that 
which, for the maximum permissible peak 
plate current, causes the minimum instan-
taneous plate voltage (Fig. 418) to be equal to 
the maximum instantaneous grid voltage re-
quired to cause the peak plate current to flow; 
this gives the optimum ratio of plate effi-
ciency to required grid driving power. 

R.f. grid voltage and grid bias — For most 
tubes optimum operating conditions result 
when the minimqin instantaneous plate volt-
age is 10 to 20 per cent of the de. plate voltage, 
so that the maximum instantaneous positive 
grid voltage must be approximately the same 
figure. Since plate current starts flowing when 
the instantaneous voltage reaches the cut-off 
value ( § 3-2), the d.c. grid voltage must be con-
siderably higher than cut-off to confine the 
operating angle to 150 degrees or less with grid 
bias at cut-off, the angle would be ISO degrees). 
For an angle of 120 degrees, the r.f. grid voltage 
must reach 50 per cent of its peak value (§ 2-7) 
at the cut-off point. The corresponding figure 
for an angle of 150 degrees is 25 per cent. Hence, 
the operating bias required is the cut-off value 
plus 25 to 50 per cent of the peak r.f. grid volt-
age. These relations are shown in Fig. 41S. The 
grid bias should be at least twice cut-off if the 
amplifier is to be plate modulated, so that the 
operating angle will be not less than 180 de-
grees when the plate voltage rises to twice the 
steady d.c. value (§ 5-3). Because of their rela-
tively high amplification factors, with must 
modern tubes Class-C operation requires con-
siderably more than twice cut-off bias to make 
the operating angle fall in the region mentioned 
above. Suitable operating conditions are usu-
ally given i the data ticeumpanyii,6 the typo 
of tube used. 

Grid bias may be secured either from a bias 
source (fixed bias), a grid leak (§ 3-6) of suit-

• able value, or from a combination of both. 
When a bias supply is used, its voltage regula-
tion should be taken into consideration (§ 8-9). 

Driving power — As indicated in Fig. 418, 
grid current flows only during a small portion 
of the peak of the r.f. grid voltage cycle. The 
power consumed in the grid circuit therefore is 
approximately equal to the peak r.f. grid volt-
age multiplied by the average rectified grid 
current as read by a d.c. milliammeter. The 
peak r.f. grid voltage, if not included in the 
tube manufacturer's operating data, can be 
estimated roughly by adding 10 to 20 per cent 
of the plate voltage to the operating grid bias, 

assuming the operating conditions are as de-
scribed above. 
At frequencies up to 30 Mc. or so, the grid 

losses are practically entirely those resulting 
from grid-current flow. At the very-high fre-
quencies, however, dielectric losses in the glass 
envelope and base materials become appre-
ciable, together with losses caused by transit-
time effects (§ 7-6), and may necessitate 
supplying several times the driving power indi-
cated above. At any frequency, the driving 
stage should be capable of a power out put. 
two to three times the power it is expected the 
grid circuit of the amplifier will consume. This 
is necessary because losses in the tank and 
coupling circuits must also be supplied, and 
also to provide reasonably good regulation of 
the r.f. grid voltage. Good voltage regulation 
(see § 8-1 for general definition) insures that 
the waveform of the excitation voltage will not 
be distorted because of the changing load on 
the driver during the r.f. cycle. 
. Grid impedance— During most of the r.f. 
grid-voltage cycle no grid current is flowing, as 
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Fig. 419 — Chart showing tank capacities required 
for a Q ot 12 with various ratios of plate voltage to 
plate current, for various frequencies. In circuits l, G, 
11 (Fig. 420), the capacities shown in the graph nias Lie 
divided by four. In circuits C. D, E. I, J and E. tI 
capacity of each section of the split-stator condense' 
may be onedialf that shown by the graph. The valuee 
given by the graph should be used for circuits .1 and 11. 
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indicated in Fig. 418, hence the grid impedance 
is infinite. During the peak of the cycle, how-
ever, the impedance may drop to very low 
values (of the order of 1000 ohms), depending 
upon the type of tube. Both the minimum and 
average values of grid impedance depend to a 
considerable extent on the amplification factor 
of the tube, being lower with tubes having large 
amplification factors. 
The average grid impedance is equal to E2/P, 

where E is the r.m.s. (§ 2-7) value of r.f. 
grid voltage and P is the grid driving power. 
Under optimum operating conditions, values of 
average grid impedance ranging from 2000 ohms 
for high-g tubes to four or five times as much 
for low-ji types are representative. Values in 
the vicinity of 4000 to 5000 ohms are typical 
of modern triodes with amplification factors 
of 20 to 30. 

Because of the large change in impedance 
during the cycle, it is necessary that the tank 
circuit associated with the amplifier grid have 
fairly high Q. This is essential to provide suf-
ficient storage capacity so that the voltage 
regulation over the cycle will be good. The 
requisite Q may be obtained by adjusting the 
L/C ratio or by tapping the grid circuit across 
only part of the tank (§ 4-6). 
Tank-circuit Q — Besides serving as a 

means for transforming the actual load resist-
ance to the required value of plate load im-
pedance for the tube, the plate tank circuit 
also should suppress the harmonics present in 
the tube output as a result of the non-sinusoidal 
plate current (§ 2-7, 3-3). For satisfactory har-
monic suppression, a Q of 12 or more (with the 
circuit fully loaded) is desirable. A Q of this 
order also is helpful from the standpoint of 
securing adequate coupling to the load or an-
tenna circuit (§ 2-11). The Proper Q can be ob-
tained by suitable selection of L/C ratio in 

relation to the optimum plate load resistance 
for the tube (§ 2-10). • 

(K) 411.V. (F) (G) (H) 

For a Class-C amplifier operated under opti-
mum conditions as described above, the plate 
load impedance is approximately proportional 
to the ratio of d.c. plate voltage to vie. plate 
current. For a given effective Q the tank ca-
pacity required at a given frequency will be 

inversely proportional to the parallel resistance 
(§ 2-10), so that it will also be inversely pro-
portional to the plate-voltage/plate-current 
ratio. 
The tank capacity required on various ama-

teur bands for a Q of 12 is shown in Fig. 419 as 
a function of this ratio. The capacity given is 
for single-ended tank circuits, as shown in Fig. 
420 at A and B. When a balanced tank circuit 
is used the total tank capacity required is re-
duced to one-fourth this value, because the tube 
is connected across only half the circuit (§ 2-9). 
Thus, if the plate-voltage,plate-current ratio 
calls for a capacity of 200 gad. in a single-
ended circuit at the desired frequency, only 50 
ggfd. would be needed in a balanced circuit. If 
a split-stator or balanced tank condenser is 
used each section should have a capacity of 

100 mad., the total capacity of the two in series 
being 50 pad. These are " in use" capacities; 
not simply the rated maximum capacity of the 
condenser. Larger values may be used with an 
increase in the effective Q. 
To reduce energy loss in the tank circuit, the 

inherent Q of the coil and condenser should be 
high. Since transmitting coils usually have Qs 
ranging from 100 to several hundred, the tank 
transfer efficiency generally is 90 per cent or 

more. An unduly large Cif., ratio is not advisa-
ble since it will result in large circulating r.f. 
tank current and hence relatively large losses 
in the tank, with a consequent reduction in the 
power available for the load. 
Tank constants— When the capacity nec-

essary for a Q of 12 has been determined front 
Fig. 419, the inductance required to resonate 
at the given frequency can be found by means 

(I) (.1) 
Fig. 420 — In circuits A, B. C, D and E. the peak voltage E will be approximately equal to the rie. plate voltage 
applied for e.w. or twice this value for phone. In circuits F, G, H, 1, J and K. J iii he twiee the • I.e. plate voltage 
for c.w. or four tittles the plate voltage for 'phone. The circuit is assumed to be fully loaded. Tubes in parallel in 
any of the circuits will not affect the peak voltage. Circuits A, C, E, F, G and II require that the tank condenser 
be insulated front chassis or ground and that it be provided with a suitably insulated shaft coupling for tuning. 
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of the formula in § 2-10. Alternatively, the re-
quired number of turns on coils of various 
construction can be found from the charts of 
Figs. 421 and 422. 

Fig. 421 is for coils wound on receiving-type 
forms having a diameter of 1 inches and 
ceramic forms having a diameter of 1% inches 
and winding length of 3 inches. Such coils 
would be suitable for oscillator and buffer 
stages where the power is not over 50 watts. 
In all eases, the number of turns given must be 
wound to fit the length indicated and the turns 
should be evenly spaced. 

Fig. 422 gives data on coils wound on trans-
mitting-type teratnic forms. In the case of the 
smallest form, extra curves are given for 
double sparing (winding turns in alternate 
grooves). This is sometimes advisable in the 
case of 14- and 28-Mc, coils when only a few 
turns are required. In all other cases, the speci-
fied number of turns should be wound in the 
grooves without any additional spacing. 
Ratings of components— The peak voltage 

to be expected between the plates of a tank 
condenser depends upon the arrangement of 
the tank circuit, as well as the (I.e. plate voltage. 
Peak voltage may be determined from Fig. 420, 
which shows all of the commonly used tank-
circuit arrangements. These estimates assume 
that the amplifier is fully loaded; the voltage 
will rise considerably should the amplifier be 
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Fig: 421 — Coil-winding data for receiving-type forms, 
diameter 1.4 inches. Curve A — winding length, 1 
inch; Curve Winding length, 1, inches; Curve 
C— winding length, 2 inches. CUrve C is also suitable 
for coils wound on el'-inch diameter transmitting. 
type ceramic forms with 3 inches of winding length. 

operated without load. The figures include a 
reasonable factor of safety. 
The condenser plate spacing required to 

withstand any particular voltage will vary 
with the construction. Most manufacturers 
specify peak-voltage ratings in describing their 
condensers. 

Plate or screen by-pass condensers of 0.001 
afd. should be satisfactory for frequencies as 
low as 1.7 Mc. Cathode-resistor and filament 
by-passes in r.f. circuits should be not less than 
0.01 afd. Fixed condensers used for these pur-
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Fig. 422 — Coil-winding data for ceramic transmit-
ting-type forms. Curve A — ceramic form 2! 
effective diameter, 26 grorrves, 7 per inch; Curve Il — 
same as A, but with turns teound in alternate grooves: 
Curve C — ceramic form 22g-ineh effective diameter, 
32 grooves, 7.1 turns per inch, approximately; Curve 
D — ceramic form -1-inch effective diameter. 28 grooves, 
5.85 turns per icicle, approximately; Curve E — ceriunie 
form 5-inch t effective e lia meter, 26 grooves, 7 per inch. 
Coils may be wound with either No. 12 or No. 14 wire. 

poses should have voltage ratings 25 to 50 pet-
cent greater than the maxinnun cl.c. or a.c. 
voltage across them. 

Interstage coupling condensers should have 
voltage ratings 50 to 100 per cent greater than 
the sum of the driver plate and amplifier grid-
biasing voltages. 

41 4-9 Adjustment of Power Amplifiers 

Exciunion — The effectiveness of adjust-
ments to the coupling between the driver plate 
and amplifier grid circuits can be gauged by the 
relative values of amplifier rectified grid cur-
rent and driver plate current, the object being 
to obtain maximum grid current with ntinimum 
driver loading. The amplifier grid circuit rep-
resents the load on the driver stage, and the 
average grid impedance must therefore be 
transformed to the value for optimum driver 
operation (§ 4-8). 

With capacity coupling, either the driver 
plate or amplifier grid must be tapped down on 
.the driver tank coil, as shown in fig. 410 at A 
and B, unless the grid impedance is approxi-
mately the right value for the driver plate load, 
when it will be satisfactory to connect both 
elements to the end of the tank. If the grid im-
pedance is lower than the required driver plate 
load, Fig. 410-A is used; if higher, Fig. 410-B. 
In either case, the coupling which gives the 
desired grid current with minimum driver load-
ing should he determined experimentally by 
moving the tap. Should both plate and grid be 
connected to the end of the circuit it is some-
times possible to control the loading, when the 
grid impedance is low, by varying the capacity 
of the coupling condenser, C, but this method 
is not altogether satisfactory since it is simply 
an expedient to prevent driver overloading 
without giving suitable impedance matching. 
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In push-pull circuits the method of adjust-
ment is similar, except. that the taps should 
he kept symmetrically located with respect to 
the center of the tank circuit. 

With link coupling, Fig. 411, the object of 
adjustment is the same. The two tanks are 
first tuned to resonance, as indicated by maxi-
mum grid current, and the coupling adjusted 
by means of the links 4-6) to give maximum 
grid current with minimum driver plate cur-
rent. This usually will suffire to load the driver 
to its rated output, provided the driver plate 
and amplifier grid tank circuits have reasonable 
values of Q. If the Q of one or both of the cir-
cuits is too low, it may not be possible to load 
the driver fully with any adjustment of link 
turns or coupling at either tank. In such a ease, 
the Qs of the tank circuits must he increased to 
the point where adequate coupling is secured. 
If the driver plate tank is designed to have a Q 
of 12, the difficulty almost. invariably is in the 
amplifier grid tank. The Q can be increased to a 
suitable value either by adjustment of the L/C 
ratio or by tapping the load across part of the 
coil (§ 2-10). 

Whatever the type of coupling, a preliminary 
adjustment should be made with the proper 
bias voltage and/or grid leak, but with the 
amplifier plate voltage off; then the amplifier 
should be carefully neutralized. After neutrali-
zation the driver-amplifier coupling should be 
readjusted for optimum power transfer, after 
which plate voltage may be applied and the 
amplifier plate circuit adjusted to resonance 
and coupled to its load. Under actual operating 
conditions the grid current decreases below the 
value obtained without plate voltage on the 
amplifier and the effective grid impedance 
rises, hence the final adjustment is to re-check 
the coupling to take care of this shift. 
With recommended bias, the grid current ob-

tained before plate voltage is applied to the am-
plifier should be 2.5 to 30 per cent higher than 
the value required for operating conditions. 
If this value is not obtained, and the driver 
plate input is up to rated value, the reason may 
be either improper matching of the amplifier 
grid to the driver plate or simply insufficient 
power output from the driver to take care of all 
losses. Driver operating voltages should be 
checked to assure they are up to rated values. 
If batteries are used for bias and are not strictly 
fresh, they should be replaced, since batteries 
which have been in use for some time often 
develop high internal resistance which effec-
tively acts as additional grid-leak resistance. 
If a rectified a.c. bias supply is used, the 
bleeder or voltage-divider resistances should 
be checked to make certain that low grid cur-
rent is not caused by greater grid-circuit re-
sistance than is recommended. In this connec-
tion it is helpful to measure the actual bias 
when grid current is flowing, by means of a 
high-resistance (I.e. voltmeter. There • is also 
the possibility of loss of filament emission of 
the amplifier tube, either from prolonged serv-

ice or from operating the filament under or 
over the rated voltage. 

Plate tuning — In preliminary tuning, it. is 
desirable to use low plate voltage to avoid 
possible damage to the tube. With excitation 
and plate voltage applied, rotate the plate tank 
condenser until the plate current dips. Then set 
the condenser at the minimum plate-current 
point (resonance). When the resonance point 
has been found, the plate voltage may be 
increased to its normal value. 
With adequate excitation, the off-resonance 

plate current of a triode amplifier may be two 
or more times the normal operating value. 
With screen-grid tubes the off-resonance plate 
current may not be much higher than the nor-
mal operating value, since the plate current is 
principally determined by the screen rather 
than the plate voltage. 
Under reasonably efficient operating condi-

tions the minimum plate current with the 
amplifier unloaded will hé a small fraction of 
the rated plate current for the tube (usually a 
fifth or less), since with no load the parallel 
impedance of the tank circuit is high. If the ex-
citation is low the " dip" will not be very 
marked, but. with adequate excitation the 
plate current at resonance without loading will 
be just high enough so that the d.e. plate 
power input supplies all the losses in the tube 
and circuit. As an indication of probable effi-
ciency, the minimum plate current value 
should not be taken too seriously, because 
without. load the Q of 
the circuit is high and 
the tank current rein- 1 Loaded 
tively large. When 

t 

K -  

the amplifier is de-
livering power to a 1..j 
load, the circulating 7.. 
current drops consid-
erably and the tank 
losses correspondingly 
decrease. Iligh mini-
mum unloaded plate 
current is chiefly en-
countered at 28 Me. and above, where tank 
losses are higher and the tank L/C ratio is 
usually lower than normal because of irre-
ducible tube capacities. The effect is particu-
larly noticeable with screen-grid tubes, which 
have relatively high output capacity. Because 
of the decrease in tank r.f. current with loading, 
however, the actual efficiency under load is 
reasonably good. 

With the load (antenna or following amplifier 
grid circuit) connected, the coupling between 
plate tank and load should be adjusted to make 
the tube take rated plate current, keeping the 
tank always tuned to resonance. As the output 
coupling is increased the minimum plate cur-
rent also will increase, about as shown in Fig. 
423. Simultaneously the tuning becomes less 
sharp, because of the increase in effective re-
sistance of the tank. If the load circuit simu-
lates a resistance, the resonance setting of the 

TUN/NO CAPACITY 

Fig. 423 — Typical behav-
ior of plate mirrent 
vs. turiing rapacity in the 
plate circuit of an amplifier. 
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tank condenser will be practically unchanged 
with loading; this is generally the case, since 
the load circuit usually is also tuned to reso-
nance. A reactive load (such as an antenna or 
feeder system not tuned exactly to resonance) 
may cause the tank condenser setting to 
change with loading, since reactance as well as 
resistance is coupled into the tank (§ 2-11). 
Power output — As a check on the opera-

tion of an amplifier, its power output may be 
measured by the use of a load of known re-
sistance, coupled to the amplifier output as 
shown in Fig. 424. At A a thermoarnmeter, M, 
and a noninductive (ordinary wire-wound re-
sistors trre not satisfactory) resistance, R, are 
connected across a coil of a few turns coupled 
to the amplifier tank coil. The higher the re-
sistance of R, the greater the number of turns 
required in the coupling coil. A resistor used 
in this way is generally called a "dummy an-
tenna," since its use permits the transmitter 
to be adjusted without. actually radiating 
power. The loading may readily be adjusted 
by varying the coupling between the two coils, 
so that the amplifier draws rated plate current 
when tuned to resonance. The power output is 
then calculated from Ohm's Law: 

P (watts) = PR 

where I is the current indicated by the thermo-
ammeter and R is the resistance of the non-
inductive resistor. Special resistance units are 
available for this purpose, ranging from 73 to 
600 ohms (simulating antenna and transmis-
sion-line impedances) at power ratings up to 
100 watts. For higher powers, the units may be 
connected in series-parallel. The meter scale 
required for any expected value of power out-
put. may also he determined from Ohm's Law: 

It 

Incandescent light bulbs can be used to re-
place the special resistor and thermoammeter. 
The lamp should be equipped with a pair of 
leads, preferably soldered to the terminals on 
the lamp base. The coupling should be varied 
until the greatest brilliance is obtained for a 
given plate input. In using lamps as dummy 
antennas a size corresponding to the expected 
power output should be selected, so that the 
lamp will operate near its normal brilliancy. 
Then, when the adjustments have been com-
pleted, an approximation of the power output 
can be obtained by comparing the brightness of 
the lamp with the brightness of one of similar 
power rating in a 115-volt socket. 
The circuit of Fig. 424-B is for resistors or 

lamps of relatively high resistance. In using 
this circuit, care should be taken to avoid ac-
cidental contact with the plate tank when the 
power is on. This danger is avoided by circuit 
C, in which a separate tank circuit, LC, tuned 
to the operating frequency, is coupled to the 
plate tank circuit. The loading is adjusted by 
varying the number of turns across which the 
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dummy antenna is connected on L and by 
changing the coupling between the two coils. 
With push-pull amplifiers, the dummy antenna 
should be tapped equally on either side of the 
center of the tank when the circuit, of Fig. 
424-B is used. 
Harrnendc suppression — The most im-

portant step in the elimination of harmonic 
radiation (§ 4-8, 2-12) is to use an output tank 
circuit having a Q of 12 or more. Beyond this 
it is desirable to avoid any considerable amount 
of over-excitation of a Class-C amplifier, since 
excitation in excess of that required for normal 
Class-C operation further distorts the plate-
current pulse and increases the harmonic con-
tent in the output of the amplifier even though 
the proper tank Q is used. If the antenna sys-
tem in use will accept harmonic frequencies 
they will be radiated when distortion is present, 
and consequently the antenna coupling system 
preferably should he selected with harmonic 
transfer in mind (§ 10-6). 
Harmonic content can be reduced to some 

extent by preventing distortion of the r.f. 
grid-voltage wavodutpe. This can be done by 
using a grid tank circuit with high effective 
Q. Link coupling between the driver and final 
amplifier are helpful, since the two tank cir-
cuits provide more attenuation than one at the 
harmonic frequencies. However, the advan-
tages of link coupling in this respect may be 
nullified unless the Q of the grid tank is high 
enough to give good voltage regulation, which 
minimizes harmonic transfer and thus pre-
vents distortion in the grid circuit. 
The stray capacity between the antenna 

coupling coil and the tank coil may be sufficient 
to couple harmonie energy • into the antenna 
system. This coupling may be eliminated by 
the use of electrostatic shielding (Faraday 
shield) between the two coils. Fig. 425 shows 
the construction of such a shield, while Fig. 426 
illustrates the manner in which it is installed. 
The construction shown in Fig. 425 prevents 
current flow in the shield, which would occur 
if the wires formed closed circuits since the 
shield is in the magnetic field of the tank coil. 

• 

Fig. 424 —"Dummy 
antenna- circuits for 
checkin g power out put 
and making operating 
adjustments under load 
without applying power 
to the actual antenna. 
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Should this occur, there would be magnetic 
shielding as well as electrostatic; in addition, 
there would be a power loss in the shield. 
Improper operation— Inexact neutraliza-

tion or stray coupling between plate and grid 
circuits may result in regeneration. This effect 
is most evident with low excitation, when the 
amplifier will show a sudden increase in output 
when the plate tank circuit is tuned slightly 
to the high-frequency side of resonance. It is 
accompanied by a pronounced increase in 
grid current. 

Self-oscillation is apt to occur with tubes of 
high power sensitivity, such as the r.f. pentodes 
and tetrodes. In event of either regeneration 
or oscillation, circuit components should be 
arranged so that those in the plate circuit are 
well isolated from those of the grid circuit. 
Plate and grid leads should be made as short 
as possible and the screen should be by-passed 
as close to the socket terminal as possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
sometimes required. 
"Double resonance," or two tuning spots on 

the plate-tank condenser, one giving minimum 
plate current and the other maximum power 
output, may occur when the tank circuit Q is 
too low (§ 2-10). A similar effect also occurs 
at times with screen-grid amplifiers when the 
screen-voltage regulation (§ 8-1) is poor, as 
when the screen is supplied through a dropping 
resistor. The screen voltage decreases with a 
decrease in plate current, because the screen 
current increases under the same conditions. 
Thus the minimum plate-current point causes 
the screen voltage, and hence the power output, 
to be less than when a slightly higher plate 
current is drawn. 
A phenomenon known as " grid emission" 

may occur when the amplifier tube is oper-
ated at higher than rated power dissipation on 
either the plate or grid. It is particularly likely 
to occur with tubes having oxide-coated cath-
odes, such as the indirectly heated types. It is 
caused by the grid reaching a temperature high 
enough to cause electron emission (§ 2-4). 
The electrons so emitted are attracted to the 
plate, further increasing the power input and 
heating, so that grid emission is characterized 
by gradually increasing plate current and heat 
which eventually will ruin the tube if the power 
is not removed. Grid emission can be prevented 
by operating the tube within its ratings. 

Fig. 425 — The Faraday elec-
trostatic shield for eliminating 
capacitive transfer of har-
monic energy. It is made of 
parallel conductors, insulated 
from each other except at one 
end w here all are joined. Stiff 
wire or small diameter rod 
may he used, spaced about the 
diameter of the wire or rod. 
The shield should he larger 
than the diameter of the coil. 

«1 4-10 Parasitic Oscillations 

Description.— If the circuit conditions in 
an oscillator or amplifier are such that self-
oscillation exists at some frequency other than 
that desired, the spurious oscillation is termed 
parasitic. The energy required to maintain a 
parasitic oscillation is wasted insofar as useful 
output is concerned, hence an oscillator or 
amplifier having parasitics will operate at re-
duced efficiency. In addition, its behavior at 
the operating frequency often will be erratic. 
Parasitic oscillations may be either higher or 
lower in frequency than the operating frequency. 
The parasitic oscillation usually starts the 

instant plate voltage is applied, or, when the 
amplifier is biased beyond cut-off, at the instant 
excitation is applied. In the latter case, the 
oscillation frequently will be self-sustaining 
after the excitation has been removed. At other 
times the oscillation may not be self-sustaining, 
becoming active only in the presence of excita-
tion. It may be apparent only by the produc-
tion of abnormal key clicks 6-1) over a wide 
frequency range, or by the presence of spurious 
side-bands (§ 5-2) with 'phone modulation. 
Low-frequency parasitics— Parasitic os-

cillations at low frequencies (usually 500 kc. or 
less) are of the tuned-plate tuned-grid type, 
the tuned circuits being formed by r.f. chokes 
and associated by-pass and coupling condens-
ers, with the regular tank tuning condensers 
having only a minor effect on the oscillation. 
The operating-frequency tank coil has negligi-
ble inductance for such low frequencies and 
may be short-circuited without affecting the 
oscillations. The oscillations do not occur when 
no r.f. chokes are used, hence whenever possible 
in series-fed circuits such chokes should be 
omitted. With single-ended amplifiers, it is 
usually possible to arrange the circuit so that 
either the grid or plate circuit needs no choke. 
In push-pull stages having chokes in both plate 
and grid circuits, it is helpful to connect an 
unby-passed grid leak from the choke to the 
bias supply or ground, thus placing the re-
sistance in the parasitic circuit and tending to 
prevent oscillation. When the driver plate 
circuit has parallel feed and the amplifier grid 
circuit series feed (§ 3-7) this type of oscillation 
cannot occur if no choke is used in the series 
grid circuit, since the grid is grounded through 
the tank coil for the parasitic frequency. 

Parasitics near operating frequency— In 
circuits utilizing a tap on the plate tank coil 
to establish a ground for a balanced neutralizing 
circuit, such as Fig. 413-B, a parasitic oscilla-
tion may be set up if the amplifier grid is 
tapped down on the grid (or driver plate) tank 
circuit for adjustment of driver-amplifier cou-
pling (§ 4-6). In this case the turns between grid 
and ground and between plate and ground 
form, with the stray and other capacities pres-
ent, a t.p.t.g. circuit (§ 3-7) which oscillates at a 
frequency somewhat higher than the nominal 
operating frequency. Such an oscillation can 
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be prevented by dispensing with the taps in 
either the plate or grid circuit. Balancing the 
plate circuit by means of a split-stator con-
denser (Fig. 413-C) is recommended. 

Very-high-frequency parasitics — Para-
sities in the v.h.f, region are likely to occur 
with any amplifier having a balanced tank cir-
cuit, particularly when associated with neutral-
izing connections. The parasitic resonant cir-
cuit, formed by the leads connecting the vari-
ous components, may be of either the t.p.t.g. 
or the ultraudion type. 
The frequency of such oscillations may be 

determined by connecting a tuned circuit in 
series with the grid lead to the tube. A variable 
condenser (50 or 100 enifd.) may be used, in 
conjunction with three or four self-supporting 
turns of heavy wire wound into a coil an inch or 
so in diameter. With the amplifier oscillating at 
the parasitic frequency, the condenser is slowly 
tuned through its range until oscillations cease. 
If this point is not found on the first trial, the 
turns of the coil may be spread apart or a turn 
removed and the process repeated. The use of 
such a tuned circuit as a trap is an almost cer-
tain remedy if the frequency can be deter-
mined, and introduces little if any loss at the 
operating frequency. 
An alternative cure, which is feasible when 

the oscillation is of the t.p.t.g. type, is to de-
tune the parasitic circuit in either the plate or 
grid circuit. Since this type of oscillation occurs 
most frequently with push-pull amplifiers, 
it may often be cured by making the grid and 
plate leads to their respective tank circuits of 
considerably different length. Similar consid-
erations apply to neutralizing connections in 
push-pull circuits. The extra wire length may 
be coiled up in the form of a so-called " choke," 
which in this case is simply additional induc-
tance for detuning the parasitic circuit. 

Testing for parasitic oscillations— An 
amplifier always should be tested for parasitic 
oscillations before being considered ready for 
service. The preferable method is first to 
neutralize the amplifier, then apply sufficient 
fixed bias to permit a moderate value of plate 
current to flow without excitation. (The plate 
current, should not be large enough to cause 
the power input to exceed the rated plate dis-
sipation of the tube.) If the amplifier is free 
from self-starting parasities, the plate current 
will remain steady as the tank condensers are 
varied; also, there will be no grid current and 
a neon bulb touched either to the plate or 
grid will show no glow. Extreme care must be 
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Fig. 426 — Methods of using Faraday shields. Two 
are required with a push-pull or balanced tank circuit. 

used not to let the hand come into contact 
with any metal parts of the transmitter when 
using the neon bulb. 

If any of these effects are present, the fre-
quency of the parasitic must first be deter-
mined. If r.f. chokes are used in both the plate 
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Fig. 427 — Frequency-multiplying circuits. A is for 
triodes, used either singly or in parallel. The push. 
push doubler is show n at 11. Any type of coupling may 
be used bet', eco the grid circuit and the driver. C.: 
should be 0.01 pfd, or larger; C2, 0.001 pfd. or larger. 

and grid circuits, one of them should be short-
circuited to determine if the oscillation is at a 
low frequency; if so, it may be eliminated by 
the methods outlined above. If the test indi-
cates that the parasitic is not a low-frequency 
oscillation, the grid trap descri bed above should 
be tried for the v.h.f. type. The type which 
occurs near the operating frequency will not 
exist unless the plate and grid tank coils are 
both tapped, hence may be eliminated from 
consideration if this is not the case in the cir-
cuit used. When such an oscillation is present 
its existence can be detected by moving the 
grid tap to include the whole tank circuit, 
whereupon the oscillation will cease. 
Some indication of the frequency of the para-

sitic can be obtained from the color of the 
glow in the neon bulb. Usually it will be yellow-
ish with low-frequency oscillations and violet 
with v.h.f. oscillations. 

If the amplifier is stable under the condi-
tions described above, excitation should be 
applied and then removed to ascertain if a self-
sustaining oscillation is set up with excitation. 
If the plate current does not return to the 
previous value when the excitation is cut off, 
the same tests should be applied to determine 
the parasitic frequency. 

As a final test, the transmitter should be wit 
on the air and a near-by receiver tuned over 
as wide a frequency range as possible, to locate 
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any off-frequency signals associated with the 
radiation. Parasitics usually can be recognized 
by their poor stability as contrasted to the nor-
mal harmonics of the signal, which will have 
the saine stability as the fundamental signal as 
well as the usual harmonic relationship. Har-
monics should be quite weak compared to the 
output at the fundamental frequency, whereas 
parasitic oscillations may have considerable 
strength. 

E. 4-11 Frequency Multiplication 

Circuits— A frequency multiplier is an 
amplifier having its plate tank circuit tuned 
to a multiple (harmonic) of the frequency ap-
plied to its grid. The difference between a 
straight amplifier (§ 4-1) and a frequency mul-
tiplier is in the way in which it is operated, 
rather than in the circuit. However, since the 
grid and plate tank circuits are tuned to differ-
ent frequencies a triode frequency multiplier 
will not self-oscillate, hence does not need neu-
tralization. A typical circuit arrangement is 
shown in Fig. 427-A. For screen-grid multi-
pliers, the circuit is the saine as in Fig. 412-A. 
Under tisual conditions the plate efficiency of a 
frequency multiplier drops off rapidly with an 
increase in the number of times the frequency 
is multiplied. For this reason most multipliers 
are used as frequency doublus, giving second 
harmonic output. 
A special circuit for frequency doubling 

("push-push" doubler) is shown in Fig. 427-13. 
The grids of the tubes are in push-pull and the 
plates in parallel, thus the plate tank receives 
two pulses of plate current for each cycle of 
excitation frequency. The circuit is similar to 
that of a full-wave rectifier (§ 8-3), where the 
output ripple frequency is twice the applied 
frequency. 

Push-pull amplifiers are suitable for fre-
quency multiplication at odd harmonics, par-
ticularly the third, but they are unsuited to 
even-liarmonie multiplication because time 
even harmonics are largely balanced out in the 
push-pull tank circuit (§ 3-3). 
Operating conditions and circuit con-

stants - To obtain good efficiency the operat-
ing angle at the harmonic frequency must be 
180 degrees or less, preferably in the vicinity 
of 150-120 degrees (§ 4-8). In a doubler, this 
means that plate current should flow during 
only half this angle of fundamental frequency. 
Consequently the r.f. grid voltage, operating 
bias, and grid driving power must be increased 
considerably beyond the values obtaining for 
normal Class-C amplification. For comparable 
plate efficiency the bias will ordinarily be four 
to five times the normal Class-C bias, and the 
r.f. grid voltage must be considerably larger 
to drive the tube to the same peak plate cur-
rent. Since the plate and grid current pulses 
under these conditions have the same peak 
amplitudes but only half the time duration as 
in a straight amplifier, the average d.c. values 
should be one-half those for normal Class-C 

operation. That is, a tube operated in this way 
will have the seine plate efficiency as a Class-C 
amplifier but can be operated at only half the 
plate input, so that the output power also is 
halved. The driving power required usually is 
about twice that necessary with straight-
through amplification to obtain the same plate 
efficiency. 

Greater output can be secured by using a 
larger operating angle (lower grid bias) or a 
lower plate load resistance, to increase the plate 
current,; but this is accompanied by a decrease 
in efficiency. Since operation of the tube as 
described in the preceding paragraph is below 
its maximum plate dissipation rating, the 
decreased efficiency usually can be tolerated in 
the interests of securing more power output. 
In practice, an efficiency of 40 to 50 per cent is 
about average. 
The tank circuit should have reasonably high 

Q ( 12 is satisfactory) to give good output volt-
age regulation (§ 4-9), since a plate-current 
pulse occurs only once for every two cycles of 
the output, frequency. A low-Q circuit (high 
L/C ratio) i helpful chiefly when the operating 
angle is greater than 180 degrees at the second 
harmonic. Such a tank circuit will have rela-
tively high impedance to the fundamental-
frequency component of plate current which is 
present with large operating angles, and thus 
will aid in reducing the average d.c. plate cur-
rent. 
The grid impedance of a frequency multiplier 

is considerably higher than that of a st raight-
through amplifier, because of the high bias 
voltage. The average impedance can be calcu-
lated as previously described (§ 4-8). The 
L/C ratio of the grid tank circuit may be 
higher, therefore, for a given Q. Often it is ad-
vantageous to use a fairly high ratio, since a 
large r.f. voltage must be developed between 
grid and cathode. However, it must not be 
made too high (Q too low) to permit adequate - 
coupling between the grid tank circuit and the 
preceding driver stage. 

It may prove necessary to step up the driver 
output voltage to obtain sufficient r.f. grid volt-
age for the doubler; this can be done by tap-
ping the driver plate on its tank circuit, when 
capacity coupling is used, or by similar tapping 
down or the use of a higher CIL ratio in the 
driver plate tank when the stages are link-
coupled (§ 4-6). 
Tubes for frequency multiplication — 

There is no essential difference between tubes 
of various characteristics in their performance 
as frequency doublers. Tubes having high 
amplification factors will require somewhat 
less bias for equivalent operation but the grid 
driving power needed is almost independent of 
the a, assuming tubes of otherwise similar con-
struction and characteristics. Pentodes and 
tetrodes will, as in normal amplifier operation, 
require less driving power than triodes for 
efficient doubling, although more power will 
be needed than for straight amplification, 
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C, 

(B) 
Fig. 428 • lump...I-constant tank 
circuit as used in .b.f. oscillators. Hie tank, shown in 
cross-section, is inadc of concentric closed eylioders. 

113,4-12 Very-High-Frequency Oscillators 

high -Q circuits with lumped constants— 
Tu obtain reasonably high effective Q when a 
low resistance is connected across the tank 
circuit, it is necessary to use a high ell, ratio 
and a tank of inherently high Q (§ 2-10). At 
low frequencies the inherent Q of any well-
designed circuit will be high enough so that, it 
may be neglected in comparison to the effec-
tive Q when loaded, so that no special pre-
cautions have to be taken with respect to the 
resistance uf coils and condensers. At the very-
high frequencies these internal resistances are 
too targe to be ignored, however. 

Reduction of the L ratio will not, increase 
the effective Q unless the internal resistance of 
the tank can be made very small. This resist-
ance can be reduced by use of large conducting 
surfaces and elimitiation of radiation. In such 
cases special lumped-constant tank circuits 
(§ 2-12) are used. The oseillator shown in hg. 
428-A uses a - pot"-type tank in the tickler 
circuit (§ 3-7), with the feed-back coil in the 
grid circuit.; this inductance is the ‘vire 1) in 
the diagram. Output is taken from the tank 
by means of a hairpin coupling loop. 

Fig. 428-B corresponds to the shunt-fed 
Hartley circuit. Such a tank also may be used 
in the ultraudion circuit. A variable condenser 
may be connected across the tank for tuning, 
although the Q may be reduced if a consider-
able portion of the tank r.f. current flows 
through it. 

Linear Circuits— A quarter-wave or half-
wave line, either of the parallel-conductor open 
type or of the coaxial type, is equivalent to a 
resonant circuit (§ 2-12) and can be used as the 
tank circuit (§ 3-7) in an oscillator. 
The resonant line is usually constructed of 

thin-walled copper tubing, rather than wire, 
since this reduces resistance and provides a 
mechanically stable circuit, particularly at the 
lower frequencies. At frequencies above 100 
Mc. Bat copper : trip conductor of equivalent 
cross-section may be used for parallel-line cir-
cuito with comparable efficiency. Frequency 
can be changed by moving a shorting bar or 
condenser to change the effective line length. 

or by reducing its length and loading it to reso-
nance by connecting a low-capacity variable 
condenser across the open end of the line. The 
added capacity makes it necessary to shorten 
the line considerably for a given frequency. 
This, together with the additional loss in the 
condenser, causes a decrease iii Q. These effects 
will be less if the condenser is connected down 
on the line. Tapping down also gives greater 
bandspread effect (§ 7-7). 
At very high frequencies an adequate 

ground connection for the cathode circuit be-
comes a problem because of the inductance of 
the cathode lead. Special tubes are available 
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Fig. 429 — Typical single-tube parallel-line oscillators. 
Constants and applications are discussed in the text 
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filament is one-half wavelength. A convenient 
arrangement is the use of a coaxial (or trough) 
line with an initial length of about ..(3 wave-
length. A shorting dise in the form of a mov-
able plunger equipped with an extension han-
dle may be provided for ease of adjustment. 
With filament-type tubes one such line will be 
required for each filament lead. In the case of 
cathode-type tubes only one line is necessary, 
the cathode and one side of the filament being 
connected to the outer conductor and the other 
filament connection being made by an in-
sulated lead running through a hollow-tubing 
inner conductor. The return lead should be 
by-passed ‘vhere it emerges from the line. 
The antenna or other load may be connected 

through blocking condensers direct to the line 
(the correct point being determined experi-
mentally). Alternatively, a hair-pin coupling 
link or, in the case of an oscillator-amplifier 
system, direct inductive coupling to the grid 
line of the amplifier may be used. 
For highest-frequency operation separate 

lines must be used for each electrode — grid, 
plate and cathode. This places all of the inter-
electrode capacities in series, reducing the 
loading effect. Still higher frequencies can be 
reached by using double-lead tubes(Fig. 429-E), 
in whieh case the leads form an integral part of 
the line and the intereleetrode capacities are 
divided between the two quarter-wave sections. 

Parallel- line oscillators— Typical parallel-
line oscillator circuits are shown in Fig. 429. In 
A, a shorting condenser (which may be either a 
fixed blocking condenser or a small variable 
which will provide a limited tuning range) is 
used to bridge the line at the voltage node; 
the frequency can also be changed by sliding 
the shorting condenser along the line. 
The circuit at, B eliminates the need for a 

blocking condenser at the voltage node, where 
the r.f. current reaches its maximum value. 
An r.f. choke may be inserted between the 
grid and the associated grid resistor, R. This 
circuit also can be resonated either by a vari-
able condenser, C, or by a sliding bar as indi-
cated by the dashed line. 

Fig. 429-C uses a half-wave open-ended line. 
The grid and plate feed connections are made 
at nodal points on the line. As indicated on the 
diagram, these do not occur at the physical 
center of the line because of the loading effect 
of the tube. In practice, the position of the 
taps, as well as the over-all length of the line, 
are adjusted to obtain maximum grid current. 
Using this circuit, a 955 acorn or a 9002 can be 
made to oscillate up to GOO or 700 Mc. 

Fig. 429-D is a variation of the above pref-
erable for use with tubes having grid and 
plate terminals at opposite ends of the en-
velope. The circuit of Fig. 429-E is most useful 
with double-lead tubes. To attain high output 
at. the maximum operating frequency, the de-
sirable arrangenient is to use two or mure 
double- lead tubes, each in a circuit such as 
this, with the lines connected end tu end. 

+NU 

Fig. 430 — Push-pull paralleMine oscillator circuits. 

with two or three cathode leads (§ 3-6); con-
nected in parallel, these reduce the effective 
inductance. With ordinary tubes, coils may 
be inserted in the filament circuit to com-
pensate for the effects of the internal induct-
ance. The effective length of the filament cir-
cuit should be one-half wavelength, to bring 
the cathode filament to the same potential as 
the shorted ends of the. tank lines. The added 
induetance required ni st be determined by 
experiment., the coils being adjusted for op-
timum stability and power output. 

Another method is to use a tuned line in the 
filament circuit, ad lusting its length so t hat t he 
electrical length of the line plus that uf the 
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Push-puU parallel-line oscillators — It is 
often advantageous to use push-pull oscillator 
circuits at the very-high frequencies, not only as 
a means to secure more power output but also 
for better circuit symmetry. In addition, the 
interelectrode capacities of the push-pull tubes 
are in series across the point of connection to 
the tank circuit , hence have less capacity-load-
ing effect than is experienced with a single tube. 

Fig. 430 shows typical push-pull circuits of 
this type. Figs. 430 -A, -B and -C all employ tite 
same circuit — the t.p.t.g. type (§ 3-7). The 
grid line is usually operated as the frequency-
controlling circuit, since it is not associated 
with the load and hence its Q can be kept high. 
The same adjustment considerations apply as 
in the case of single-tube oscillators. Grid taps 
in particular should be tapped down as far as 
possible, to improve the frequency stability. 

In Fig. 430-A, a conventional coil-and-con-
denser tank is used in the plate circuit where 
the lower Q does not have so great an effect on 
frequency stability. For maximum efficiency 
the use of a linear output circuit is desirable at 
the higher frequencies, however. This is shown 
at B, and at C with isolating r.f. chokes in the 
filament circuit. 

Fig. 430-D shows a push-pull oscillator hav-
ing tuned plate and cathode lines, the cathode 
circuit being tuned with a quarter-wave line 
which controls excitation and, to sonic extent, 
tuning. The grids are connected together and 
grounded through the grid leak, RI; ordinarily 
no by-pass condenser is needed across RI. This 
circuit gives good power output at very-high 
frequencies, but is not especially stable unless 
the plates are tapped down on the plate tank 
circuit to avoid too great a reduction in Q. 
Tapping on the cathode line is not feasible for 
mechanical reasons. With ordinary tubes this 
oscillator is capable of higher-frequency opera-
tion than the conventional t.g.t.p. type, and it 
has been found particularly useful on 224 Me. 
The symmetrical circuit at E is preferable 

above 200 Mc. Coaxial or equivalent lines 
may be used instead of r.f. chokes in the fila-
ment circuits for ultrahigh-frequency opera-
tion. With this modification, and (assuming 
the use of double-lead tubes) by the addition 
of quarter-wave sections at each end, this 
circuit may be considered equivalent to the 
center . section of a double linear oscillator as 
discussed in connection with Fig. 429-E. 
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Fig. 432 — Special uhf. 
coaxial-line oscillators. 
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Coaxial-line circuits— At frequencies in 
the neighborhood of 300 Me. the radiation loss 
(§ 2-12) from open lines greatly reduces the Q, 
because the conductor spacing unavoidably be-
comes an appreciable fract ion of a wavelength. 
Consequently, these frequencies and higher 
coaxial lines, in which the field is confined inside 
the line so that radiation is negligible, are used. 
A further advantage is that the outside of 
the line is " cold"; that is, no r.f. potentials 
develop between points on the outer surface. 
While the coaxial line is also advantageous at 
lower frequencies, it is more complicated to 
construct and adjust than parallel lines. 
For ease of construction, the coaxial line 

sometimes is modified into a " trough," in 
which the cross-section of the outer conductor 
is in the shape of a square U, one side being 
left open for tapping and adjustment of the 
inner conductor. Some radiation takes place 
with this type of construction, although not 
so much as with open lines. 
The conventional coaxial-line oscillator cir-

cuits shown in Fig. 431 illustrate the applica-
tion of two basic circuits — the Hartley and 
the t.g.t.p. — to both cathode-type and fila-
mentary tubes. The tube loads the line, as pre-
viously described; hence the actual length is 
always shorter than a quarter wavelength. The 
length can be adjusted by a short-circuiting 
sliding plunger, a close-fitting low-resistance 
contact being necessary to avoid losses. The 
inner conductor may also have a short tight-

Co 
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Fig. 431 — Single-tube via. coaxial-line oscillators. A and B use Hartley circuits; C and D arc t. g.t.p. equivalents. 
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fit ting extension tube which is slid in or ont to 
change the effective conductor length. 
The t.g.t.p. circuits are somewhat easier to 

adjust and load as well as to construct, but are 
not as satisfactory from the standpoint of 
frequency stability because of reaction on the 
frequency-controlling grid line by the tuning of 
the output circuit. The grid tap should be as 
far down on the line as will permit reliable 
oscillation under load. Under some conditions 
the addition of a small adjustable feed-back ca-
pacity between grid and plate not only permits 
a lower tap location but also increases the 
upper frequency limit obtainable by advancing 
the phase of the grid excitation to eompensate 
partially for transit-time lag in the tube. 

In the Hartley circuit at A, an output tap is 
provided on the inner conductor. At B induc-
tive output coupling by incisos of a half-turn 
"hairpin" is shown; loading can be changed to 
some extent by varying its position. 

Fig. 432 shows two types of coaxial-line 
oscillator circuits designed particularly for 
operation near the upper frequency limits for 
negative-grid tubes. The circuit at A, with 
quarter-wave grid and plate lines and a half-
wave filament line, is convenient for use with 
single-lead tubes such as the 955 and 316-A. 
With the three lines arranged in the form of a 
triangle, so that their inner conductors attach 
directly to the tube terminals for minimum lead 
length, this oscillator will function satisfac-
torily up to 700-800 Mc. 
The circuit of Fig. 432-B is designed to take 

maximum advantage of the u.h.f. capabilities 
of double-lead and ring-electrode tube types. 
Interelectrode capacities are divided between 
each pair of grid and plate lines, and separate 
parallel-resonant filament lines complete the 
isolation. Frequencies as high as 1500-1700 
Mc. have been attained with this arrange-
ment. 
The by-pass condensers shown in the two 

circuits of Fig. 432 are made of copper plates 
insulated by sheet mica. Flanges soldered to 

the ends of the outer conductor 
in each line constitute one plate 
of the condenser; a grounded 
metal sheet serves as the other 
plate. 
Push-pull coaxial-line oscilla-

tors— The push-pull circuits of 
Fig. 433 employ the seine basic 
elements as the arrangements pre-
viously described. At A, a half-

wave open-ended line is used 
in the grid circuit, the grids 
of the tubes being "tapped" 
down on the line by coupling 
them in through a 
small balanced loop running 
inside the outer conduc-

tor. A conventional parallel line 
is used in the plate circuit, with 

o the cathodes balanced to ground 
by means of closed half-wave lines. 

The eat bode lines may be small-diameter 
copper tubing, folded to conserve space, through 
which rubber-insulated wire is run for the re-
turn circuit. These lines may be shielded from 
the plate line by running them underneath 
the chassis or separated by a shielding parti-
tion. 
A folded half-wave grid line is used at B. The 

eopper-tubing inner conductor is bent into the 
shape of a U. The outer conductor may be 
either a square-section double trough of sheet 
copper or two short. sections of pipe soldered to 
a rectangular box of sheet copper which forms 
the " closed" end. Where even more compact 
construction is required, the dimensions of the 
• grid line may he still further reduced by using 
sections of folded coaxial line (§ 2-12). A con-
ventional coil-and-condenser output circuit is 
shown; at the comparatively low frequencies 
where this type of construction would be ad-
vantageous in the interest of compactness. such 
an output circuit should be satisfactory. 
The arrangement at C has certain modifica-

tions which make it particularly suitable for 
use with higher-powered tubes. The quarter-
wave capacity-loaded coaxial line in the grid 
circuit is of relatively large dimensions and 
consequently has high Q. Coupling to the tube 
grids, which is made very loose to preserve the 
Q of the line, is by means of twin hairpin loops. 
The inductance of the shunt choke coils, LI, is 
adjusted for maximum grid current. 
To minimize radiation loss and preserve cir-

cuit symmetry, a coaxial line is used in the 
plate tank circuit. If desired this line may be 
tuned by a balanced split-stator condenser of 
the type which has the rotor connection at the 
center, connected across the plate terminals. 

Parallel resonant circuits in the filament 
leads, tuned to resonance at the operating fre-
quency by the variable condensers, C1, isolate 
the filament from ground. The fixed by-pass 
condensers must have low reactance at the 
operating frequency. The filament coils, which 
are in parallel for r.f., are of copper tubing. 
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41 5-1 Modulation 

The carrier — The steady radio-frequency 
power generated by transmitting circuits can-
not alone result in the transmission of an 
intelligible message to a receiving point. The 
continuous wave from the. transmitter itself 
serves only as a " carrier" for the message; 
the intelligence is conveyed by modulation 
(a change) of the carrier. In radiotelephony, 
this modulation reproduces electrically the 
sounds it is intended to convey in a form which 
can be correctly interpreted or demodulated at 
the receiving end. 
Sound and alternating currents — Sounds 

are caused by vibrations of air particles. The 
pitch of the sound depends upon the rate of 
vibration; the more rapid the vibration, the 
higher the pitch. Most sounds consist of com-
plex combinations of vibrations of differing 
rates or frequencies: the human voice, for in-
stance, generates frequencies from about 100 
cycles per second to several thousand per sec-
ond. The problem of transmitting speech by 
radio, therefore, is one of varying the r.r. carrier 
in a way which corresponds to the air-particle 
vibrations. The first step in doing this is to 
change the sound vibrations into alternating 
electrical currents of the same frequency 
and relative intensity: the electromechanical 
device which achieves this translation is the 
microphone. These audio-frequency currents 
then may be amplified and used to vary or 
modulate the normally steady r.f. output of 
the transmitter. 
Methods of modulation— The carrier may 

be made to vary in accordance with the speech 
current by using the current to change the 
ph!ise (§ 2-7). frequency or amplitude of the 
carrier. Amplitude modulation of a constant-
frequency carrier is by far the most common 
system, and is used exclusively on all frequen-
cies below the very-high-frequency region 
(§ 2-7). Frequency modulation of a constant-
amplitude carrier, which has special charac-
teristics which make its use desirable under 
certain conditions, is used to a considerable 
extent on the very-high frequencies. Phase 
modulation, which is closely related to fre-
quency modulation, has had little or no direct 
application in practical communication. 

Other specialized varieties of modulation, 
developed for other applications of radio 
transmission, have been proposed for voice 
communication. Thus far none of these. has 
achieved practical utilization, however. 

E. 5-2 Amplitude Modulation 

Carrier requirements — For proper ampli-
tude modulation, the carrier should be com-
pletely free from inherent amplitude variations 
such as might be caused by insufficient filtering 
of a rectified-ac. power supply (§ 8-4). It is 
also essential that the carrier frequency be 
entirely unaffected by the application of 
modulation. If modulating the amplitude of 
the carrier also causes a change in the carrier 
frequency the signal wobbles back and forth 
with the modulation, introducing . distortion 
and widening the channel taken by the signal. 
This causes unnecessary interference to other 
transmissions. In practice, this undesirable 
frequency modulation is prevented by applying 
the modulation to an r.f. amplifier stage which 
is isolated from the frequency-controlling 
oscillator by a " buffer '' amplifier. Amplitude 
modulation of an oscillator almost always is 
accompanied by frequency modulation. Under 
existing regulations it is permitted, therefore, 
only on frequencies above 112 Me. because the 
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Fig. 501— Graphical representa ion of A) carrier un-
modulated, (B) modulated 50%, (C) modulated 100%. 
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problem of interference is less acute in this 
region than on lower frequencies. 

Percentage of modulation — In the ampli-
. tude-modulation system the audible output 
at the receiver depends entirely upon the 
amount of variation — termed depth of modu-
lation in the carrier wave, and not upon the 
strength of the carrier alone. It is desirable 
therefore to obtain the largest permissible 
variations in the carrier wave. This condition 
is reached when the carrier amplitude during 
modulation is at times reduced to zero and at 
other times increased to twice its unmodulated 
value. Such a wave is said to be fully modu-
lated, or 100 per cent modulated. Any desired 
degree of modulation can be expressed as aper-
centage, using the unmodulated carrier as a 
base. Fig. 501 shows, at A, an unmodulated 
carrier wave; at B, the same wave modulated 
50 per cent, and at C, the wave with 100 per 
cent modulation, using a sine-wave (§ 2-7) 
modulating signal. The outline of the modu-
lated r.f. wave is called the modulation envelope. 
The percentage modulation can be found by 

dividing either Y or Z by X and multiplying 
the result by 100. If the modulating signal is 
not symmetrical, the larger of the two ( Y or Z) 
should be used. 
Power in modulated ware — The ampli-

tude values correspond to current or voltage, 
so that the drawings may be taken to repri%ent 
instantaneous values of either. Since power 
varies as the square of either the current or 
voltage (so long as the resistance in the circuit 
is unchanged), at the peak of the modulation 
up-swing the instantaneous power in the wave 
of Fig. 501-C is four times the unmodulated 
carrier power. At the peak of the down-swing 
the power is zero, since the amplitude is zero. 
With a sine-wave modulating signal, the aver-
age power in a 100 per cent modulated wave is 
one and one-half times the unmodulated car-
rier power; that is, the power output of the 
transmitter increases 50 per cent with 100 per 
cent modulation. 

Wave-shape of 
Modulating Sreal 

Fig. 502 — An overmodulated r f. carrier vas-e. 

Linearity — tip to the limit of 100 per cent 
modulation, the amplitude of the carrier should 
follow faithfully the amplitude variations of 
the modulating signal. When the modulated 
r.f. amplifier is incapable if meeting this con-
dition, it is said to be non-linear. The amplifier 
may not, for instance, be capable of quadru-
pling its power output at the peak of 100 per 
cent modulation. A non-linear modulated am-
plifier causes distortion of the modulation 
envelope. 
Modulation characteristic — A graph 

showing the relationship between r.f. ampli-
tude and instantaneous modulating voltage is 
called the modulation charach-ri.stic of the 
modulated amplifier. This graph should be a 
straight line (linear) between the limits of zero 
and twice carrier amplitude. Curvature of the 
line between these limits indicates non-line-
arity in the amplifier. 
Modulation capability— The modulation 

capability of the transmitter is the maximum 
percentage of modulation that is possible 
without objectionable distortion from non-
linearity. The maximum capability is, of 
course, 100 per cent. The modulation capabil-
ity should be as high as possible, so that the 
most effective signal can be transmitted for a 
given carrier power. 
0 vermod a la t ion — 1f the carrier is modu-

lated more than 100 per cent., a condition such 
as is shown in Fig. 502 occurs. Not only does 
the peak amplitude exceed twice the carrier 
amplitude, but actually there may be a con-
siderable pericid during which the output is 
entirely eut off. Tlie modulated wave is there-
fore distorted (§ 3-3), with the result that har-
monies of the audio modulating frequency 
appear. The carrier should never be modulated 
more than 100 per cent. 
Sidebands — The combining of the audio 

frequency with the r.f. carrier is essentially a 
heterodyne process, and therefore gives rise to 
beat frequencies equal to the sum and differ-
ence of the a.f. and r.f. frequencies involved 
(§ 2-13). Therefore, for each audio frequency 
appearing in the modulating signal, two new 
radio frequencies appear, one equal to the 
carrier frequency plus the audio frequency, 
the other equal to the carrier minus the audio 
frequency. These new frequencies are called 
side frequencies, since they appear on each 
side of the carrier, and the groups of side fre-
quencies representing a band or group of 
modulation frequencies are called sidebands. 
Hence a modulated signal occupies a group 
of radio frequencies, or channel, rather than a 
single frequency as in the case of the unmodu-
lated carrier. The channel width is twice the 
highest modulation frequency. 
To accommodate the largest number of 

transmitters in a given part of the r.f. spec-
trum it is apparent that the channel width 
should be as small as possible. On the other 
hand it is necessary, for speech transmission of 
reasonably good quality, to use modulating 
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frequencies up to a minimum of about 3000 or 
4000 'cycles. This calls for a channel width of 
6 to 8 kilocycles. 

Spurious sidebands — Besides the normal 
sidebands required by speech frequencies, 
unwanted sidebands may be generated by 
the transmitter. These usually lie outside the 
normally required channel, and hence cause 
it to be wider without increasing the useful 
modulation. By increasing the channel width, 
these spurious sidebands cause unnecessary 
interference to other transmitters. The quality 
of transmission also is adversely affected when 
spurious sidebands are generated. 
The chief ieauses of spurious sidebands are 

harmonic distortion in the audio system, over-
modulation, unnecessary frequency modula-
tion, and lack of linearity in the modulated 
r.f. system. 

Types of amplitude modulation — The 
most widely used type of amplitude-modula-
tion system is that in which the modulating 
signal is applied in the plate circuit of a radio-
frequency power amplifier (plate modulation). 
In a second type the audio signal is applied to 
a control-grid (grid-bias modulation). A third 
system, involving variation of both plate and 
grid voltages, is called cathode modulation. 

(I. 5-3 Plate Modulation 

Transformer coupling — In Fig. 503 is 
shown the most widely used system of plate 
modulation. A balanced (push-pull Class-A, 
Class-AB or Class-B) modulator is trans-
former-coupled to the plate circuit of the 
modulated r.f. amplifier. The audio-frequency 
power generated in the modulator plate circuit 
is combined with the d.c. power in the modu-
lated-amplifier plate circuit by transfer through 
the coupling transformer, T. For 100 per cent 
modulation the audio-frequency 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.c. operating plate 
voltage, thus causing corresponding variations 
in the amplitude of the r.f. output. 
Modulator power— The average power 

output of the modulated stage must increase 
50 per cent for 100 per cent modulation (§ 5-2), 
so that the modulator must supply to the mod-
ulated r.f. stage audio power equal to 50 per 
cent of the 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 pre-
sented to the modulator by the modulated 
r.f. amplifier, is equal to 

Eh 
— X 1000 

where Eh is the d.c. plate voltage and I, the 
d.c. plate current in milliamperes, both meas-
ured without modulation. 

Since the power output of the r.f. amplifier 
must vary as the square of the plate voltage 
(the r.f. voltage must be proportional to the 
applied plate voltage) in order for the modula-
tion to be linear, the amplifier must operate 
under Class-C conditions (§ 3-4). The linearity 
then depends upon having sufficient grid exci-
tation and proper bias, and upon the adjust-
ment of circuit constants to the proper values 
(§ 4-8). 
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Fig. 503 — Plate modulation of a Class-C r.f. amplifier. 
The r.f. plate by-pass condenser, C, in the amplifier 
stage should have high reactance at audio frequencies. 
A capacity of 0.002 pfd. or less usually is satisfactory. 

Power in speech wares— The complex 
waveform of a speech sound translated into 
alternating current does not contain as much 
power, on the average, as there is in a pure 
tone or sine wave of the same peak (§ 2-7) 
amplitude. That is, with speech waveforms 
the ratio of peak to average amplitude is 
higher than in the sine wave. For this reason, 
the previous statement that the power output 
of the transmitter increases 50 per cent with 
100 per cent modulation, while true fur tone 
modulation, is not true for speech. On the aver-
age, speech waveforms will contain only about 
half as much power as a sine wave, both having 
the same peak amplitude. The average power 
output of the transmitter therefore increases 
only shout 25 ner cent with 100 per cent speech 
modulation. However, the instantaneOus power 
output must quadruple on the peak of 100 per 
cent modulation (§ 5-2) regardless of the mod-
ulating waveform. Therefore, the peak out-
put power capacity of the transmitter must be 
the saine for any type of modulating signal. 
Adjustment of plate-modulated ampli-

fiers— The general operating conditions for 
Class-C operation have been described (§ 3-4, 
4-8). The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manu-
facturer; in general, the bias should be such 
as to give an operating angle (§ 4-8) of about 
120 degrees at carrier plate voltage, and the 
excitation should be sufficient to maintain the 
plate efficiency constant when the plate volt-
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age is varied over the range from zero to twice 
the d.c. plate voltage applied to the amplifier. 
For best linearity, the grid bias should be ob-
tained partly from a fixed source of about the 
cut-off value, supplemented by grid-leak bias 
to supply the remainder of the required operat-
ing bias. 
The maximum permissible d.c. plate power 

input for 100 per cent modulation is twice the 
sine-wave audio-frequency power output of the 
modulator. This input is obtained 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 de-
sired power. The modulating impedance under 
these conditions will be the proper value for 
the modulator, if the proper output-trans-. 
former turns ratio (§ 2-9) is used. 

Neutralization, when triodes are used, 
should be as nearly perfect as possible, since 
regeneration may cause non-linearity. The 
amplifier also should be free from parasitic 
oscillations (§ 4-10). 

Although the effective value (§ 2-7) of power 
input increases with modulation, as described 
above, the avert:ye plate input to a plate-
modulated amplifier does not change, sinee 
each increase in plate voltage and plate cur-
rent is balanced by an equivalent decrease in 
voltage and current. Consequently, the 
plate current to a properly modulated am-
plifier is always constant, with or without. 
modulation. 

Screen-grid amplifiers — Screen-grid tithes 
of the pentode or beam tetrode type can be 
used as Class-C plate-modulated amplifiers 
provided the modulation is applied to both the 
plate and screen grid. The method of feeding 
the screen grid with the necessary d.c. and 
modulation voltage is shown in Fig. 504. The 
dropping resistor, R, 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 be-
tween plate and screen voltages and dividing 
it by the rated screen current. 
The modulating impedance is found by di-

viding the d.c. plate voltage by the sum of the 
plate and screen currents. The plate voltage 
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Fig. 504— Plate and screen modulation of a Clas:-.-C 
r.f, amplifier using a pentode tube. The plate arid screen 
r.f. by-pass condensers. G and C2. should base high 
reactance at all audio frequencies it).002 pfd. or lessl 

multiplied by the sum of the two currents is the 
power-input figure which is used as the basis 
for determining the audio power required from 
the modulator. 
Choke coupling — In Fig. 505 is shown the 

circuit of the choke-coupled system of plate 
modulation. The plate power for the modulator 
tube and modulated amplifier is furnished from 
a common source through the modulation 
choke, L, which has high impedance for audio 
frequencies. The modulator operates as a power 
amplifier with the plate circuit of the r.f. 
amplifier as its load, the audio output of the 
modulator being superimposed on the d.c. 
power supplied to the amplifier. For 100 per 
cent modulation, the audio voltage applied to 
the ri. ainplilier plate circuit across the choke, 
L, must have a peak value equal to the d.c. 
voltage on the modulated amplifier. To obtain 
this without distortion the r.f. amplifier nmst 
be operated at a d.c. plate voltage less than the 

—8 

Fig. 505 — Clioke-coupled plate modulation. 

modulator plate voltage, the extent of the volt-
age difference being determined by the type 
of modulator tube used. The necessary drop in 
voltage is provided by the resistor, RI, which 
is by-passed for audio frequencies by the by-
pass condenser. C1. 

This type of modulation seldom is used 
except in very low-power portable sets, be-
cause a single-tube Class-A (§ 3-4) modulator 
is required. The output of a Class-A modulator 
is very low compareil to that obtainable from a 
pair of tubes of the same size operated Class B, 
hence only a small amount of r.f. power can be 
modulated. 

Absorption modulation — Absorption or 
"loss" modulation, in its basic form the oldest 
and simplest method of all, recently has been 
revived for wide-band modulation (such as 
television.) at ultrahigh frequencies. In the 
system shown in Fig. 500, the modulating 
tubes are connected to the antenna feed line 
through a quarter-wave stub line, located a 
quarter-wavelength from the transmitter tank 
circuit. With no modulation (i.e., no conduc-
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Fig. .501i — Transmission-line 
or load-impedance modulation. 

Modulation 

lion through the modulating tubes) t he stub 
appears as a short circuit across the line and 
little or no power reaches the antenna. When 
modulating voltage is applied to the grids of 
the modulator tubes, however, t heir conduct-
ama› serves to increase the effective impedance 
of the quarter-wave shunt, permit ting a pro-
portionate amount of energy to reach the an-
tenna. At maximum modulation the stub ap-
proaches an open circuit., allowing maximum 
if, output to the ant cuna. 

IQ 5-4 Grid-Bias Modulation 

Circuit — Fig. 507 is t lie diagram of a typi-
cal arrangement for grid- bias modulation. 
In this system, the secondary of an audio-
frequency output transformer, the primary 
of which is connected in the plate circuit of 
the modulator tube, is connected in series with 
the grid-bias supply for the modulated ampli-
fier. The audio voltage thus introduced varies 
the grid bias, and thus the power output of 
the r.f. stage, when suitable operating condi-
tions are chosen. The if. stage is operated as 
a Class-C amplifier, with the d.c. grid bias 
considerably beyond cut-off. 
Operating principles— In this system the 

plate voltage is constant, and the increase in 
power output with modulation is obtained by 
making the plate current and plate efficiency 
vary with the modulating signal. For 100 per 
cent modulation, both plate current and effi-
ciency must, at the peak of the modulation up-
swing, be twioo thoir earner values, so that the 
peak power will be four times the carrier power. 
Since the peak efficiency in practicable circuits 
is of the order of 70 to 80 per cent, the carrier 
efficiency ordinarily cannot exceed about 33 
to 40 per cent.. Foi a given r.f. tube, the carrier 
output is about one-fourth the power obtain-
able from the same tube plate-modulated. Grid 
bias. r.f. excitation, plate loading and the audio 
voltage in series with the grid must be adjusted 
to give a linear modulation characteristic. 
Modulator power— Since the increase in 

average carrier power with modulation is se-
cured by varying the plate efficiency and d.c. 
plate input of the amplifier, the modulator 
need supply only such power losses as may 
be occasioned by connecting it in the grid 
circuit. These are quite small, hence a modu-
lator capable of only a few watts output will 

suffice for transmitters of considerable power. 
Since the load on the modulator varies over 
the a.f. cycle as the rectified grid current of the 
modulated amplifier changes, the modulator 
should have good volt age regulation (§ 5-6). 

Grid-bias source— The change in bias 
voltage with modulation causes the rectified 
grid current of the amplifier also to vary, the 
r.f. excitation being fixed. If the bias source 
has appreciable resistance, the change in 
grid current also will cause a change in bias 
in a direction opposite to that caused by the 
modulation. It is necessary, therefore, to use a 
grid-bias source having low resistance, so that 
these bias variations will be negligible. Battery 
bias is satisfactory. If a rectified a.c. bias sup-
ply is used, the type having regulated output 
(§ 8-9) should be chosen. Grid-leak bias for a 
grid-modulated amplifier is unsatisfactory, and 
its use should not be attempted. 

Driver regulation — The load on the driving 
stage varies with modulation, and a linear 
modulation characteristic may not be obtained 
if the r.f. voltage from the driver does not stay 
constant with changes in load. Driver regula-
tion (ability to maintain constant output volt-
age with changes in load) may be improved 
by using a driving stage having two or three 
times the power output necessary for excitation 
of the amplifier (this is somewhat less than 
the power required for ordinary Class-C opera-
tion), and by dissipating the extra power in a 
constant load such as a resistor. The load 
variations are thereby reduced in proportion 
to the total load. 
Adjustment of grid-bias modulated am-

plifiers— This type of amplifier should be 
adjusted with the aid of an oscilloscope, to 
obtain optimum operating conditions. The 
oscilloscope should be connected as described 
in § 5-10, the wedge pattern being preferable. 
A tone source for modulating the transmitter 
will he convenient. The fixed grid bias should 
he two or three times the cut-off value (§ 3-2). • 
The d.c. input, to the amplifier, assuming 33 

«a 

Fig. 507 — Grid-bias modulation of a Class-C ampli-
fier. The r.f. grid by-pass condenser, C, should have 
high reactance at audio frequencies (0.002 Al. or less). 

Ant 
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per cent carrier efficiency, will be 1/21 times 
the plate dissipation rating of the tube or tubes 
used in the modulated stage. The plate current 
for this input (in milliamperes, 1000 PIE, 
where P is the power and E the d.c. plate volt-
age) must be determined. Apply r.f. excitation 
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Fig. 508 —  Suppressor- grid modulation of an r.f. am-
plifier using a pen tode- type tube. The suppressor- grid 
rd. by-pase condenser, C, should be 0.002 mid. or less 

and, without modulation, adjust the plate 
loading to give the required plate current 
(keeping the plate tank circuit tuned to reso-
nance). Next, apply modulation and increase 
the modulating signal until the modulation 
characteristic shows curvature (§ 5-10). This 
probably will occur well below 100 per cent 
modulation, indicating that the plate effieieney 
is too high. Increase the plate loading and re-
duce the excitation to maintain the same plate 
current; then apply modulation and check the 
characteristic again. Continue this process un-
til the characteristic is linear from the axis to 
twice the carrier amplitude. It is advantageous 
to use the maximum permissible plate voltage 
on the tube, since it is usually easier to obtain 
a more linear characteristic with high plate 
voltage and low current (carrier eon(litions) 
than with relatively low plate voltage and high 
plate current. 
The amplifier can be adjusted without an 

oscilloscope by determining the plate current 
as described above, then setting the bias to the 
cut-off value (or slightly beyond) for the d.c. 
plate voltage used and applying maximum 
excitation. Adjust the plate loading, keeping 
the tank circuit at resonance, until the ampli-
fier draws twice the carrier plate current, and 
note the antenna current. Decrease the exci-
tation until the output and plate current just 
start to drop. Then increase the bias, leaving 
the excitation and plate loading unchanged, 
until the plate current drops to the proper 
carrier value. The antenna current should 
be just half the previous value; if it is larger, 
try somewhat more loading and less excita-
tion; if snuffler, less loading and more excita-
tion. Repeat until the antenna current drops 
to half its maximum value when the plate 
current is biased down to the carrier value. 
Under these conditions the amplifier should 
modulate properly, provided the plate supply 
has good voltage regulation (§ 8-1) so that the 

plate voltage is practically the same at both 
values of plate current during the initial testing. 
The d.c. plate current. should be substant billy 
constant with or without modulation (§ 5-3). 

Suppressor mexhila ion — The circuit ar-
rangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 508. The operat-
ing principles are the sanie as for grid-bias 
modulation. However, the r.f. excitation and 
modulating signals are applied to separate 
grids, which gives the system a simpler operat-
ing technique since best adjustment for proper 
excitation requirements and proper modulating 
circuit requirements are more or less independ-
ent. The carrier plate efficiency is approxi-
mately the same as for grid-bias modulation, 
and the modulator power requirements a re 
similarly small. With tubes having suitable 
suppressor-grid characteristics, linear mod ula-
ti on up to practically 100 per cent can be 
obtained with negligible distortion. 
The method of adjustment is essent jolly the 

same as that described in the preceding para-
graph. Apply normal excitation and bias to 
the control grid and, with the suppressor bias 
at zero or the positive value recommended 
for e.w. telegraph operation with the particular 
tube used, adjust the plate loading to obtain 
twice the carrier plate current (on the basis of 
33 per cent carrier efficiency). Then apply suf-
ficient negative bias to the suppressor to bring 
the plate current to the carrier value, leaving 
the loading unchanged. Simultaneously, the 
antenna current also should drop to half its 
maximum value. The amplifier is then ready 
for modulation. Should the plate current not 
follow the antenna current in the same pro-
portion when the suppressor bias is made 
negative, the loading and excitation should be 
readjusted to make them coincide. 

IQ 5-5 Cathode Modulation 
Circuit — The fundamental circuit for 

cathode or " center-tap" modulation is shown 
in Fig. 509. This type of modulation is a corn-
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Fig. 509— Cathode modulation of a Class-C r.f. am-
plifier. The grid and plate r.f. hy-pass condensers, C, 
should he 0.002 pfil. or less (for high a.f. reactance). 
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bination of the plate and grid-bias methods, 
and permits a carrier efficiency midway be-
tween the two. The audio power is introduced 
in the cathode circuit, and both grid bias and 
plate voltage vary during modulation. 
The cathode circuit of the modulated stage 

must be independent. of other stages in the 
transmitter; that is, when filament-type tubes 
are modulated they must be supplied from a 
separate filament transformer. The filament 
by-pass condensers should not be larger than 
about 0.002 pfd., to avoid by-passing the audio-
frequency modulation. 
Operating principles— Because part of the 

modulation is by the grid-bias method, the 
plate efficiency of the modulated amplifier 
must vary during modulation. The carrier 
efficiency therefore must be lower than the 
efficiency at the modulation peak. The re-
quired reduction in carrier efficiency depends 
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. 510. 
In these curves the performance of the cath-
ode-modulated r.f. amplifier is plotted in 
terms of the tube ratings for plate-modulated 
telephony, with the percentage of plate modu-
lation as a base. As the percentage of plate 
modulation is decreased, it is assumed that 
the grid-bias modulation is increased to make 
the over-all percentage of modulation reach 
100 per cent. The limiting condition, 100 per 
cent ! date modulation and no grid-bia.s modu-
lath is at the right (A); pure grid-bias 
modulation is represented by the left-hand 
ordinate (B and (.;'). 

As an example, assume that 40 per cent plate 
modulation is to be used. Then the modulated 
r.f. amplifier must be adjusted for a carrier 
plate efficiency of 56 per cent, the permissible 
plate input will be 65 per cent of the ratings 
of the same tube with pure plate modulation, 
the power output 1% ill be 48 per cent of the 
rated output of the tube with plate modulation, 
and the audio power required from the modu-
lator will be 20 per cent of the d.e. input to the 
modulated amplifier. 
Modulating impedance— The modulat-

ing impedance of a cathode-modulated am-
plifier is approximately equal to 

Ib 

where m is the percentage of plate modulation 
expressed as a decimal. Et, is the plate voltage 
and /b the plate current of the modulated r.f. 
amplifier. This figure for the modulating impe-
dance is used in the sanie way as the corre-
sponding figure for pure plate modulation, in 

determining the proper modulator operating 
conditions (§ 5-6). 

conditions for linearity— R.f. excitation 
requirements for the cathode-modulated am-
plifier are midway between those for plate 
modulation and grid-bias modulation. More 
excitation is required as the percentage of 
plate modulation is increased. Grid bias should 
be considerably beyond cut-off; fixed bias 
from a supply having good voltage regulation 
(§ 8-9) is preferred, especially when the per-
centage of plate modulation is small and the 
amplifier is operating more nearly like a grid-
bias modulated stage. At the higher percent-
ages 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 by-passed for audio 
frequencies. The percentage of grid modulation 
may be regulated by choice of a suitable tap 
on the modulation transformer secondary. 
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Fig. 510 — Cath, dr-modulation performance curves, 
in terms of nereentage of plate modulation ',toiled 
against percentage of Class-C telephony tube ratings. 

D.c. plate input watts in terms of percentage of 
plate-modulation rating. 

— Carrier output watts in per cent of plate-modula-
non rating (based on plate efficiency of 77.5%). 

W. — Audio power in per cent of d.c. watts input. 
Isl. — Plate efficiency of the amplifier in percentage. 

Adjustntent of cathode-modulated am-
plifiers— En most respects, the adjustment 
procedure is similar to that for grid- bias mod-
ulation (§ 5-4). The critical adjustments are 
those of antenna loading, grid bias, and excita-
tion. The proportion of grid-bias to plate mod-
ulation will determine the operating conditions. 
Adjustments should be made with the aid of 

an oscilloscope (§ 5-10). With proper antenna 
loading and excitation, the normal wedge-
shaped pattern will be obtained at 100 per cent 
modulation. As in the case of grid-bias modu-
lation. too-light antenna loading will cause 
flattening of the upward-peaks of modulation 
(indicating downward modulation), as also 
will too-high excitation (§ 5-10). The cathode 
current will be practically constant with or 
without modulation when the proper operating 
conditions have been established (§ 5-3). 
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5-6 Class-B Modulators 

Modulator tubes — In the case of plate 
modulation, the relatively large audio power 
needed (§ 5-3) practically dictates the use of a 
Class-B (§ 3-4) modulator, since the power 
can be obtained most economically with this 
type of amplifier. A typical circuit is given in 
Fig. 511. A pair of tubes must be chosen which 
is capable of delivering sine-wave audio power 
equal to half the d.c. input to the modulated 
Class-C amplifier. It is sometimes convenient 
to use tubes which will operate at the sanie 
plate voltage as that applied to the Class-C 
stage, since one power supply of adequate 
current capacity may then suffice for both 
stages. Available components do not always 
permit this, however, and better over-all 
performance and economy may result from 
the use of separate power supplies. 
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Fig. 511— Clase-B audio modulator and dri‘er circuit» 

Matching to load— In giving Class-B 
ratings on power tubes, manufacturers specify 
the plate-to-plate load impedance (§ 3-3) 
into which the tubes must operate to deliver 
the rated audio power output. This load im-
pedance seldom is the sanie as the modulating 
impedance (§ 5-3) of the Class-C r.f. stage, 
so that a match must be brought about by 
adjusting the turns ratio of the coupling trans-
former. The required turns ratio, primary to 
secondary, is 

Z„ 

where Z,. is the Class-C modulating impedance 
and Z, is the plate-to-plate load impedance 
specified for the Class-B tubes. 
Commercial Class-B output transformers 

usually are rated to work between specified 
primary and secondary impedances and are 
designed for specific Class-B tubes. In such a 
case, the turns ratio can be found by substi-
tuting the given impedances in the formula 
above. Many transformers are provided with 
primary and secondary taps, so that various 
turns ratios can be obtained to meet the re-
quirements of various tube combinations. 

Driving power — Class-B amplifiers are 
driven into the grid-current region, so that 
power is consumed in the grid circuit (§ 3-3). 
The preceding stage (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 manufactur-

e/tapie;' ..2tre 

cr's tube ratings. The grids of the Class-B 
tubes represent a variable load resistance over 
the audio-frequency cycle, silice the grid cur-
rent does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source which has 
good regulation — that is, which will maintain 
the waveform of the signal without distortion 
even though the load varies. This can be 
brought about by using a driver capable of 
delivering two or three times the actual power 
consumed by the Class-B grids, and by using 
an input coupling transformer having a turns 
ratio giving the largest step-down in the volt-
age between the driver plate or plates and the 
Class-B grids that will permit obtaining the 
specified grid-to-grid a.f. voltage. 

Driver coupling — A Class-A or Class-AB 
(§ 3-4), driver is used to excite a Class-B 
stage. Tubes for the driver preferably should 
be triodes having low plate resistance, since 
these will have the best regulation. Having 
chosen a tube or tubes capable of ample 
power out put from tube data sheets, the peak 
output voltage will be, approximately, 

= 1.4 V PR 

where P is the power output and R the load 
resistance. The input transformer ratio, pri-
mary to secondary, will be 

E. 
E, 

where E. is as given above and E, is the peak 
grid-to-grid voltage required by the modulator 
tubes. 

Commercial transformers normally are de-
signed for specific driver-modulator combina-
tions, and usually are adjusted to give as good 
driver regulation as the conditions will permit. 

Grid bias — Modern Class-B audio tubes 
are intended for operation without fixed bias. 
This lessens the variable grid-circuit loading 
effect and eliminates the need for a grid-bias 
supply. 
When a: grid-bias supply is required, it must 

have low internal resistance so that the flow 
of grid current with excitation of the Class-B 
tubes does not cause a continual shift in the 
actual grid bias and thus cause distortion. 
Batteries or a regulated bias supply (§ 8-9) 
should be used. 

Plate supply— The plate supply for a 
Class-B modulator should be sufficiently well 
filtered (§ 8-3) to prevent hum modulation of 
the r.f. stage (§ 5-2). An additional require-
ment is that the output condenser of the sup-
ply should have low reactance (§ 2-8) at 100 
cycles or less compared to the load into which 
each tube is working, which is one-fourth the 
plate-to-plate load resistance. A 4-pfd. output 
condenser with a 1000-volt supply, or a 2-afd. 
condenser with a 2000-volt supply, usually 
will be satisfactory. With other plate voltages, 
condenser values should be in inverse propor-
tion to the plate voltage. 
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Orerexcitation — When a Class-B amplifier 

is overdriven in an attempt to secure more 
than the rated power, distortion in the output 
waveshape increases rapidly. The high-fre-
quency harmonies which result from the distor-
tion (§ 3-3) modulate the transmitter, produc-
ing spurious sidebands (§ 5-2) which readily 
can cause serious interference over a band of 
frequencies several times the channel width 
required for speech. This may happen even 
though the transmitter is not being over-
modulated, as in the case where the modulator 
is incapable of delivering the power required 
to modulate the transmitter fully, or when 
the Class-C amplifier is not adjusted to give 
the proper modulating impedance (§ 5-3). 
The tubes used in the Class-B modulator 

should be capable of somewhat more than the 
power output nominally required (50 per cent 
of the d.c. input to the modulated amplifier) to 
take care of losses in the out put transformer. 
These usually run from 10 per cent to 20 per 
cent of the tube output. I n addition, the 
Class-C amplifier should lx' adjusted to give 
the proper modulating impedance and the cor-
rect output transformer turns ratio should be 
used. Such high-frequency harmonics as may 
be generated in these circumstances can be re-
duced by connecting condensers across the 
primary and secondary of t he output trans-
former (about 0.002 /dd. in the average case), 
to form, with the transformer leakage induct-
ance (§ 2-9) a low-pass filter (§ 2-11) which 
cuts off just above the maximum audio fre-
quency required for speech transmission (about 
4000 cycles). The condenser voltage ratings 
should be adequate for the peak a.f. voltages 
appearing across them. 
Operation without load — Excitation 

should never be applied to a Class-B modulator 
until after the Class-C amplifier is turned on 
and is drawing the value of plate current. re-
quired to present the rated load to the modu-
lator. With no load to absorb the power, the 
primary impedance of the transformer rises to 
a high value and excessive audio voltages are 
developed across it — frequently high enough 
to break down the transformer insulation. 
If the modulator is to be tested separately 
from the transmitter, a load resistance of the 
same value as the modulating impedance, 
and capable of dissipating the full power out-
put of the modulator, should be connected 
across the transformer secondary. 

5-7 Low-Level Modulators 

Selection of tubes— Modulators for grid-
bias and suppressor modulation can be small 
audio power tubes, since the audio power re-
quired usually is small. A triode such as the 
2A3 is preferable because of its low plate re-
sistance, but pentodes will work satisfactorily. 
Matching to load — Since the ordinary 

Class-A receiving power tube will develop 
about 200 to 250 peak volts in its plate circuit, 
which is ample for most low-level modulator 

applications, a 1:1 coupling transformer is 
generally used. If more voltage is required, 
a step-up ratio must be provided in the trans-
former. It is usual practice to load the primary 
of the output-coupling transformer with a re-
sistance equal to or slightly higher than the 
rated load resistance for the tube, to stabilize 
the voltage output and thus improve the reg-
ulation. This is indicated in Fig. 507. 

5-8 Microphones 
Settsitirity — The level of u microphone is 

its electrical output for a given speech inten-
sity input. Level varies greatly with micro-
phones of different basic types, and also varies 
between different models of the same type. 
The output is also greatly dependent on the 
character of the individual voice (that is, the 
audio frequencies present in the voice) and the 
distance of the speaker's lips from the micro-
phone, decreasing approximately as the square 
of the distance. Hence, only approximate 
values based on averages of "normal" speak-
ing voices can be attempted. The values given 
in the following paragraphs are based on close 
talking; that is, with the microphone less than 
an inch from the speaker's lips. - 
Frequency response — The frequency re-

sponse or fidelity of a microphone is its relative 
ability to convert sounds of different frequen-
cies into alternating current. With fixed sound 
intensity ut the microphone, the electrical out-
put may vary considerably as the sound fre-
quency is varied. For understandable speech 
transmission only a limited frequency range is 
necessary, and natural-sounding speech can be 
obtained if the output of the microphone does 
not vary more than a few decibels (§ 3-3) 
at any frequency within a range of about 200 
cycles to 4000 cycles. When the variation 
expressed in terms of decibels is small between 
two frequency limits, the microphone is said 
to be flat between those limits. 
Carbon microphones — Fig. 512-A and 

B show connections for single- and double-
button carbon microphones,, with a rheostat 
included in each circuit for adjusting the but-
ton current to the correct value as specified 
with each microphone. The single-button mi-
crophone consists of a metal diaphragm placed 
against an insulating cup containing loosely 
packed carbon granules (microphone button). 
Current from a battery flows through the gran-
ules, the diaphragm being one connection and 
the metal back-plate the other. The primary 
of a transformer is connected in series with the 
battery and microphone. As the diaphragm vi-
brates its pressure on the granules alternately 
increases and decreases, causing a correspond-
ing increase and decrease of current flow through 
the circuit, since the pressure changes the 
resistance of the mass of granules. The result-
ing change in the current flowing through the 
transformer primary causes an alternating 
voltage, of corresponding frequency and in-
tensity, to be set up in the transformer sec-
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ondary (§ 2-9). The double-button type is 
similar, but with two buttons in push-pull. 
Good quality single-button carbon micro-

phones give outputs ranging from 0.1 to 0.3 
volt across 50 to 100 ohms; that is, across the 
primary winding of the microphone trans-
former. With the step-up of the transformer, a 
peak voltage of between 3 and 10 volts across 
100,000 ohms or so can be assumed available 
at the grid of the first tube. The usual button 
current is 50 to 100 ma. 
The level of good-quality double-button mi-

crophones is considerably less, ranging from 
0.02 volt to 0.07 volt across 200 ohms. With 
this type of microphone and the usual push-
pull input transformer, a peak voltage of 0.4 to 
0.5 across 100,000 ohms or so can be assumed 
available at the first speech-amplifier grid. The 
button current with this type of microphone 
ranges from 5 to 50 ma. per button. 

Crystal microphones— The input circuit 
for a piezoelectric or crystal type of micro-
phone is shown in Fig. 512-F. The element in 
this type consists of a pair of Rochelle salts 
crystals cemented together, with plated elec-
trodes. In the more sensitive types, the crystal 
is mechanically coupled to a diaphragm. Sound 
waves actuating the diaphragm cause the 
crystal to vibrate mechanically and, by piezo-
electric aétion (§ 2-10), to generate a corre-
sponding alternating voltage between the elec-
trodes, which are connected to the grid circuit 
of a vacuum-tube amplifier, as shown. The 
crystal type requires no separate source of 
current or voltage. 

Although the level of crystal microphones 
varies with different models, an output of 
0.01 to 0.03 volt is representative for com-
munication 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 char-
acteristic is unaffected by the cable, but the 
load resistance (amplifier grid resistor) does 
affect it, the lower frequencies being atten-
uated as the shunt resistance becomes less. A 
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grid-resistor value of 1 megolim or more should 
be used for reasonably flat response, 5 meg-
ohms being a customary figure. 
Condenser mieropl s The condenser 

microphone of Fig. 512-C consists of a two-
plate capacity, with one plate stationary. The 
other, which is separated from the first by 
about a thousandth of an inch, is a thin metal 
membrane serving as a diaphragm. This con-
denser is connected in series with a resistor 
and a d.c. voltage source. When the diaphragm 
vibrates, the change in capacity causes a small 
charging current to flow through the circuit. 
The resulting audio voltage which appears 
across the resistor is fed to the grid of the tubo 
through the coupling condenser. 
The output of condenser microphones varies 

with different models, the high-quality type 
being about one-hundredth to one-fiftieth as 
sensitive as the double-button carbon micro-
phone. The first speech-amplifier stage must be 
built into the microphone, since the capacity 
of a connecting cable would impair both output 
and frequency range. 

Velocity and dynamic microphones— In 
a velocity or " ribbon" microphone, the ele-
ment acted upon by thb sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When vibrating, the 
ribbon cuts the lines of force between the 
poles, first in one direction and then the other, 
thus generating an alternating voltage. The 
movement of the ribbon is proportional to the 
velocity of the sound-energized air particles. 
Velocity microphones are built in two types, 
high impedance anti low impedance, the former 
being used in most applications. A high-im-
pedance microphone can he directly connected 
to the grid of an amplifier tube, shunted by a 
resistance of 0.5 to 5 megolims (Fig. 512-E). 
Low-impedance mierophones are used when a 
long connecting cable (75 feet or more) must 
be employed. In such a case the output of the 
microphone is coupled to the first amplifier 
stage through a suitable step-up transformer, 
as shown in Fig. 512-D. 

(8) 

re 
Fig.5I2— Speech input circuits of I' ve commonly mused types of microphones. A, single-button carbon; B, 
double-button carbon; C, condenser D, low-impedance velocity: E, high-impedance velocity; F, crystal. 
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The level of the velocity microphone is 

about 0.03 to 0.05 volt. This figure applies di-
rectly to the high-impedance type, and to the 
low-impedance type when the voltage is meas-
ured across the coupling transformer secondary. 
The dynamic microphone somewhat re-

sembles a dynamic loud speaker in principle. 
A light-weight voice coil is rigidly attached to 
a diaphragm, the coil being placed between the 
poles of a permanent magnet. Sound causes 
the diaphragm to vibrate, thus moving the 
coil back and forth between the magnet poles 
and generating an alternating voltage the 
frequency of which is proportional to the 
frequency of the impinging sound and the am-
plitude proportional to the sound pressure. 
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. A 
small permanent-magnet speaker can be used 
as a dynamic microphone, although the fidelity 
is not as good as is obtainable with a properly 
designed microphone. 

q 5-9 The Speech Amplifier 

Description — The function of the speech 
amplifier is to build up the weak microphone 
voltage to a value sufficient to excite the modu-
lator to the required output. It may have from 
one to several stages. The last stage nearly 
always must deliver a certain amount of audio 
power, especially when it is used to excite a 
Class-B modulator. Speech amplifiers for 
grid-bias modulation usually end in a power 
stage which also functions as the modulator. 
The speech amplifier frequently is built as a 

unit separate from the modulator, and in such 
a case may be provided with a step-down 
transformer designed to work into a low im-
pedance, such as 200 or 500 ohms (tube-to-
line transformer). When this is clone, a step-up 
input transformer intended to work between 
the same impedance and the modulator grids 
(line-to-grid transformer) is provided in the 
modulator circuit. The line which connects the 
two transformers may be made of any con-
venient length. 
General design considerations— The last 

stage of the speech amplifier must be selected 
on the basis of the power output required 
from it; for instance, the power necessary to 
drive a Class-B modulator (§ 5-6). It may be 
either single-ended or push-pull (§ 3-3), the 
latter generally being preferable because of 
the higher power output and lower harmonic 
distortion. Push-pull amplifiers may be either 
Class A, Class ABI or Class AB2 (§ 3-4), as the 
power requirements dictate. If n Class-A or 
AB2 amplifier is used, the preceding stages 
all may be voltage amplifiers, but when a Class-
AB2 amplifier is used the stage immediately 
preceding it must be capable of furnishing the 
power consumed by its grids at full output. 

The requirements in this case are much the 
same as those which must be met by a driver 
for a Class-B stage (§ 541), but the actual 
power needed is considerably smaller and 
usually can be supplied by one or two small 
receiving triodes. All lower-level speech am-
plifier stages invariably are worked purely as 
voltage amplifiers. 
The minimum amplification which must be 

provided ahead of the last stage is equal to 
the peak audio-frequency grid voltage re-
quired by the last stage for full output (peak 
grid-to-grid voltage in the case of a push-pull 
stage), divided by the output voltage of the 
microphone or secondary of the microphone 
transformer if one is used (§ 5-8). The peak 
a.f. grid voltage required by the output tube 
or tubes is equal to the d.c. grid bias in the 
case of a single-tube Class-A amplifier, and 
approximately twice the grid bias for a push-
pull Class-A stage. The requisite information 
for Class-AB' and AB2 amplifiers can be ob-
tained from the manufacturer's data on the 
type considered. If the gain is not obtainable 
in one stage, several stages must be used in 
cascade. When the output stage is operated 
Class AB2, due allowance must be made for 
the fact that the next-to-the-last stage must 
deliver power as well as voltage. In such cases, 
suitable driver combinations usually are recom-
mended by manufacturers of tubes and inter-
stage transformers. The coupling transformer 
must be designed especially for the purpose. 
The total gain provided by a multi-stage 

amplifier is equal to the product of the indi-
vidual stage gains. For example, when three 
stages are used, the first having a gain of 100, 
the second 20 and the third 15, the total gain 
is 100 X 20 X 15, or 30,000. It is good prac-
tice to provide two or three times the mini-
mum required gain in designing the speech 
amplifier. This will insure having ample gain 
available to cope with varying conditions. 
When the gain must be fairly high, as when 

a crystal microphone is used, the speech am-
plifier frequently has four stages, including 
the power output stage. The first generally is 
a pentode, because of the high gain attainable 
with this type of tube. The second and third 
stages usually are triodes, the third frequently 
having two tubes in push-pull when it drives a 
Class-AB2 output stage. Two pentode stages 
seldom are used consecutively, because of the 
difficulty of getting stable operation when the 
gain per stage is very high. With carbon micro-
phones less amplification is needed and hence 
the pentode first stage usually is omitted, one 
or two triode stages being ample to obtain full 
output from the power stage. 

Stage gain and voltage output — In volt-
age amplifiers, the stage gain is the ratio of 
a.c. output voltage to a.c. voltage applied 
to the grid. It will vary with the applied audio 
frequency, but for speech the variation should 
be small over the range of 100-4000 cycles. 
This condition is easily met in practice. 
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The output voltage is the maximum value 
which can be taken from the plate circuit 
without distortion. It is usually expressed in 
terms of the peak value of the a.c. wave (§ 2-7), 
since this value is independent of the wave-
form. The peak output voltage usually is of 
interest only when the stage drives a power 
amplifier, since only in this case is the stage 
called upon to work near its maximum capa-
bilities. Low-level stages very seldom are 
worked near their full capacity, hence harmonic 
distortion is negligible and the voltage gain 
of the stage is the primary consideration. 

Pig. 513— Registanec-coupled voltage amplifier cir-
ellitA. A, pentode: B, triode. Designation are as follows: 
— Cathode by-pass condenser. 

C2 — Plate by-pass condenser. 
Cs — Output coupling condenser (blocking condenser). 
C4 — Screen by-pass condenser. 
Ri — Cathode resistor. 
Ra — Grid resistor. 
Ra — Plate resistor. 
— Next-stage grid resistor. 

Ra — Plate decoupling resistor. 
116 — Screen resistor. 
Values for suitable tulles are given in Chapter Fourteen. 

Resistance coupling — Resistance coupling 
generally is used in voltage amplifier stages. 
It is relatively inexpensive, good frequency 
response can be secured, and there is little 
danger of hum pick-up from stray magnetic 
fields associated with heater wiring. It is the 
only type of coupling suitable for the output 
circuits of pentodes and high-it triodes, since 
with transformers a sufficiently high load im-
pedance (§3-3) cannot be obtained without 
considerable frequency distortion. Typical cir-
cuits are given in Fig. 513 and design data in 
§ 3-6. 

Trattsfornter coupling— Transformer cou-
pling between stages ordinarily is used only 
when power is to be transferred (in such a case 
resistance coupling is very inefficient). or when 
it is necessary to couple between a single-
ended and a push-pull stage. Triodes having 
an amplification factor of 20 or less are used 
" in transformer-coupled voltage amplifiers. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 514. 
That at A uses a combination of resistance and 
transformer coupling, and may be used for 
exciting the grids of a Class-A or A131 follow-
ing stage. The resistance coupling is used to 
keep the d.e. plate current from flowing through 
the transformer primary, thereby preventing a 
reduction in primary inductance below its no-
current value (§ S-4). This improves the low-
frequency response. With low-a triodes (6C5, 
6J5, etc.), the gain is equal to that with resist-
ance coupling multiplied by the secondary-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 it of the tube multiplied by the transformer 
ratio. This circuit also is suitable for trans-
ferring power (within the capabilities of the 
tube) as in the ease of a following Clas.s-AB2 
stage used as a driver for a Class-B modulator. 
Gain control — The over-all gain of the am-

plifier may be changed to suit the output level 
of the microphone, which will vary with voice 
intensity and distance of the speaker from the 
microphone, by varying the proportion of a.c. 
voltage applied to the grid of one of the stages. 
The gain-control potentiometer should be 

near the input end of the timplitier, so that 
there will be no danger of overloading the 
stages ahead of the gain control. With carbon 
microphones the gain control may be placed 
directly across the microphone transformer 
secondary, but with other types the gain con-
trol usually will affect the frequency response 
of the microphone when connected directly 
across it. The control therefore usually is 
placed in the grid circuit. of the second stage. 

Pig. 514— Transfi,nner-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance- trans-
former coupling: 13, for transformer coupling. Designa-
tions correspond to those in Fig. 513. In A, values can 
be taken from Table I. In B, the cathode resistor is 
calculated from the rated plate current and grid IdaS 
as given for the particular type of tube used (§ 3-6). 
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Fig. 515— Phase-in, erter circuit fur resist ance-cou-
pled push-pull output. ith a double-triode tube 
(such as the 6N7) the following values are typical: 

114, Rs — 0.5 megohm. R2, R3 - 0.1 megohm. 
He - 1500 ohms. C1, C2 — 0.1 µM. 
le, should he tapped as described in the text. The 
voltage gain of a stage using these constants is 22. 

Pitase inversion — Push-pull output may 
be secured with resistance coupling by using 
an extra tube. as shown in Fig. 515. There 
is a phase shift of ISO degrees through any 
normally operating resistance-coupled stage 
(§ 3-31, and the extra tube is used purely to 
provide this phase shift without additional gain. 
The outputs of the two tubes are then added 
to provide push-pull excitation for the following 
amplifier. The tap on R4 is adjusted to make 
Ir1 and V2 give equal voltage outputs so that 
balanced excitation is applied to the grids of 
the following stage. The cathode resistor, RA, 
commonly is left un-bypassed since ( his tends 
to help balance the circuit. For convenience, 
*double-triode tubes frequently are used as 
phase inverters. 
Output limiting— It is desirable to modu-

late as heavily as possible without overmodu-
lating, yet it is difficult to speak into the micro-
phone at a constant intensity. To maintain 
reasonably constant output from the modula-
tor in spite of variations in speech intensity, 
it is possible to use automatic gain control 
which follows the average (not instantaneous) 
variations in speech amplitude. This is accom-
plished by rectifying and filtering (§ 8-2, 8-3) 
some of the audio output and applying the 
rectified and filtered d.c. to a control electrode 
in an early stage in the amplifier. 
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Fig. 516 — Speech a npl diet- output -limiting circuit. 
C1, C2, CI, C4 - 0.1-5M. 1t1, 112, it - 0.25 megohm. 
R4 - 25,000-ohm pot. Its — 0.1 megohm. T — See text. 

A practical circuit for this purpose is shown 
in Fig. 516. The rectifier must be connected, 
through the transformer, to a tube capable of 
delivering some power output (a small part of 

the output of the power stage may be used) or 
else a separate amplifier for the rectifier cir-
cuit alone may have its grid connected in 
parallel with that of the last voltage amplifier. 
Resistor R4 in series with Rs across the plate 
supply provides variable bias on the rectifier 
plates, so that, the limiting action can be de-
layed until a desired microphone input level is 
reached. R2, R3, C2, C3, and C4 form the filter 
(§ 2-11), and the output of the rectifier is con-
nected to the suppressor grid of the pentode 
first stage of the speech amplifier. 
A step-down transformer with a turns ratio 

such as to give about, 50 volts when its primary 
is connected to the output circuit of the power 
stage should be used. A half-wave rectifier may 
be used instead of the full- wave circuit shown, 
although satisfactory filtering will be more 
difficult to achieve. 
Noise— It is important that the noise level 

in a speech amplifier he low compared to the 
level of the desired signal. Noise in the speech 
amplifier is caused chiefly by hum, \Odell may 
he the result of insufficient power-supply filter-
ing or may be introduced into the grid circuit 
of a tube by magnetic or electrostatic means 
from heater wiring. The plate voltage for the 
amplifier should be free from ripple (§ 8-4), 
particularly the voltage applied to the low-
level stages. A two-section condenser-input 
filter (§ 8-5) usually is satisfactory. The de-
coupling circuits mentioned in the preceding 
paragraphs also are helpful in reducing plate-
supply hum. 
Hum from heater wiring may be reduced 

by keeping the wiring well away from un-
grounded components or wiring, particularly in 
the vicinity of the grid of the first tube. Co. m-
plete shielding of the microphone jack is 
advisable, and when tubes with grid caps in-
stead of the single-ended types are used the 
caps and the exposed wiring to them should 
be shielded. Ileater wiring preferably should 
run in the corners of a metal chassis, to reduce 
the magnetic field. A ground should be made 
either on one side of the heater circuit or to 
the center-tap of the heater winding. The 
shells of metal tubes should be grounded; 
glass tubes require separate shields, especially 
when used in low-level stages. Heater connec-
tions to the tube sockets should be kept as far 
as possible from the plate and grid prongs, 
and the heater wiring to the sockets should be 
kept close to the chassis. A connection to a 
good ground (such as a cold water pipe) also 
is advisable. The speech amplifier always 
should be constructed on a metal chassis, with 
all ground connections made directly to the 
metal chassis. 
When the power supply is mounted on the 

same chassis with the speech amplifier, the 
power transformer and filter chokes should be 
well separated from audio transformers in the 
amplifier proper to reduce magnetic coupling, 
which would cause hum and raise the residual 
noise level. 
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41 5-10 Checking 'Phone Transmitter 
Operation 

Modulation percentage—The most reliable 
method of determining percentage of modula-
tion is by means of the cathode-ray oscillo-
scope (§ 3-9). The oscilloscope gives a direct 
picture of the modulated output of the trans-
mitter, and by its use the waveform errors 
inherent in other types of measurements are 
eliminated. 
Two types of oscilloscope patterns may be 

obtained, known as the " wave envelope" and 
"trapezoid." The former shows the shape of 
the modulation envelope (§ 5-2) directly, while 
the latter in effect plots the modulation char-
acteristic (§ 5-2) of the modulated stage on 
the cathode-ray tube screen. To obtain the 
wave-envelope pattern, the oscilloscope must 
have a horizontal sweep circuit. The trapezoid-
al pattern requires only the oscilloscope, the 
sweep circuit being supplied by the transmitter 
itself. Fig. 517 shows methods of connecting 
the oscilloscope to the transmitter for both 
types of patterns. The oscilloscope connections 
for the wave-envelope pattern, Fig. 517-A, 
are usually simpler than those for the trape-
zoidal figure. Tue vertical-deflection plates are 
coupled to the amplifier tank coil or an antenna 
coil by means of a pick-up coil of a few turns 
connected to the oscilloscope through a 
twisted-pair line. The position of the pick-up 
coil is varied until a carrier pattern, Fig. 
51S-B, of suitable height is obtained. The 
sweep voltage should be adjusted to make the 
width of the pattern somewhat more than 
half the diameter of the screen. It is frequently 
helpful in eliminating r.f. harmonics from the 
pattern to connect a resonant circuit, tuned 
to the operating frequency, between the ver-
tical deflection plates, using link coupling 
between this and the transmitter tank circuit. 

Fig. 517 — Methods of connecting an oscilloscope to 
the modulated r.f. amplifier for checking modulation. 

With the application of voice modulation, a 
rapidly changing pattern of varying height 
will be obtained. When the maximum height 
of this pattern is just twice that of the carrier 
alone, the wave is being modulated 100 per 
cent (§ 5-2). This is illustrated by Fig. 518-D, 
where the point X represents the sweep line 
(reference line) alone, YZ is the carrier height, 
and PQ is the maximum height of the modu-
lated wave. If the height is greater than the 
distance PQ, as illustrated in E, the wave is 
overmodulated in the upward direction. Over-
modulation in the downward direction is 
indicated by a gap in the pattern at the refer-
ence axis, where a single bright line appears 
on the screen. Overmodulation in either direc-
tion may take place even when the modulation 
in the other direction is less than 100 per cent. 
Assuming that the modulation is symmetrical, 
however, any modulation percentage can be 
measured directly from the screen by measur-
ing the maximum height with modulation and 
the height of the carrier alone; calling these 
two heights ht and 112 respectively, the modula-
tion percentage is 

ht — hz 
hz X 100 

Connections for the trapezoidal pattern 
are shown in Fig. 517-B. The vertical plates 
are similarly coupled to the transmitter tank 
circuit through a pick-up loop; the tuned in-. 
put circuit to the oscilloscope may also be 
used. The horizontal plates are coupled to the 
output of the modulator through a voltage 
divider (§ 2-6), Rt/?2, the resistance of R2 
being variable to permit adjustment of the 
audio voltage to a suitable value to give a 
satisfactory horizontal sweep on the screen. 
R2 may be a 0.25-megohm volume control 
resistor. The value of R1 will depend upon the 
audio output voltage of the modulator. This 
voltage is equal to VPR, where P is the audio 
power output of the modulator and I? is the 
modulating impedance of the modulated r.f. 
amplifier. In the case of grid-bias modulation 
with a 1:1 output transformer, it will be satis-
factory to assume that the a.c. output voltage 
of the modulator is equal to 0.7E for a single 
tube or 1.4E for a push-pull stage, where E 
is the d.c. plate voltage on the modulator. If 
the transformer ratio is other than 1:1, the 
voltage so calculated should be multiplied by 
the actual secondary-to-primary turns ratio. 
The total resistance of R1 and R2 in series 

should be 0.25 megohm for every 150 volts of 
modulator output; for example, if the modula-
tor output voltage is 600, the total resistance 
should be four (600/150) times 0.25 megohm, 
or 1 megohm. Then, with 0.25 megohm at R2r 
R1 should be 0.75 megohm. The blocking 
condenser, C, should be 0.1 ad or more, and 
its voltage rating should be greater than the 
maximum voltage in the circuit. With plate 
modulation, this is twice the d.c. voltage ap-
plied to the plate of the modulated amplifier. 
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Fig. 518 — W ave-emelope and trapezoidal patterns 
encountered under different conditions of modula Lion. 

The trapezoidal patterns are shown in Fig. 
518 at F to J, each alongside the corresponding 
wave-envelope pattern. With no signal, only 
the cathode-ray spot appears on the screen. 
When the unmodulated carrier is applied, a 
vertical line appears; the length of the line 
should be adjusted, by means of the pick-up 
coil coupling, to a convenient value. When the 
carrici• is modulated, the wedge-shaped pattern 
appears; the higher the modulation percentage, 
the wider and more pointed the wedge be-
comes. 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. Overmodulation 
in the upward direction is indicated by in-
creased height over PQ, and in the downward 
direction by an extension along the axis X 
at the pointed end. The modulation percentage 
may be found by measuring the modulated 
and unmodulated carrier heights, in the same 
way as with the wave-envelope pattern. 
Non-symmetrical waveforms— In voice 

waveforms the average maximum amplitude 
in one direction from the axis frequently is 
greater than in the other direction, although 

the average energy on both sides is the same. 
For this reason the percentage of modulation 
in the " up".direction frequently differs from 
that in the " down" direction. With a given 
voice and microphone, this difference in modu-
lation percentage is usually always in the same 
direction. Since overmodulation in the down-
ward direction causes more out-of-channel in-
terference than overmodulation upward be-
cause of the steeper wavefront (§ 6-1), it is 
advisable to " phase" the modulation so that 
the side of the voice waveform having the 
larger excursions causes the instantaneous car-
rier power to increase and the smaller excur-
sions to cause a power decrease. This reduces 
the likelihood of overmodulation on the 
"down" peak. The direction of the larger 
excursions can readily be found by careful 
observation of the oscilloscope pattern. The 
phase can be reversed by reversing the connec-
tions of one winding of any transformer in the 
speech amplifier or modulator. 
Modulation monitoring— While it is de-

sirable to modulate as fully as possible, 100 per 
cent modulation should not be exceeded, par-
ticularly in the downward direction, because 
harmonic distortion will be introduced and the 
channel width increased (§ 5-2), thus causing 
unnecessary interference to other stations. 
The oscilloscope may be used to provide a 
continuous cheek on the modulation, but sim-
pler indicators may be used for the purpose, 
once calibrated. A convenient indicator, when 
a Class-B modulator (§ 5-6) is used, is the 
plate milliammeter in the Class-B stage, since 
plate current fluctuates with the voice inten-
sity. Using the oscilloscope, determine the 
gain-control setting and voice intensity which 
gives 100 per cent modulation on voice peaks, 
and simultaneously observe the maximum 
Class-B plate-milliammeter reading on the 
peaks. When this maximum reading is ob-
tained, it will suffice in regular operation to 
adjust the gain so that it is not exceeded. 
A sensitive rectifier-type voltmeter (copper-

oxide 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 
calibrated against the oscilloscope to determine 
the reading which represents 100 per cent 
modulation. 
The plate milliammeter of the modulated 

r.f. stage may also be used as an indicator of 
overmodulation. Since the average plate cur-
rent is constant (§ 5-3, 5-4, 5-5) when the 
amplifier is linear, the reading will be the 
same with or without modulation. 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 there-
fore be taken as an indication of overmodula-
tion or non-linearity. However, it is possible 
that the average plate current will remain 
constant with considerable overmodulation 
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under some operating conditions, so that an 
indicator of this type is not wholly reliable 
unless it has been checked previously against 
an oscilloscope. 

Linearity — The linearity (§ 5-2) of a modu-
lated amplifier may readily be checked with 
the oscilloscope. The trapezoidal pattern is 
more easily interpreted than the wave enve-
lope pattern, and loss auxiliary equipment is 
required. Tite connections are the same as for 
measuring modulation percentage (Fig. 517). 
If the amplifier is perfectly linear, the sloping 
sides of the trapezoid will be perfectly straight 
from the point at the axis up to at least 100 per 
cent modulation in the upward direction. Non-
linearity will be shown by curvature of the 
sides. Curvature near the point, extending the 
point farther along the axis than would occur 
with straight sides, indicates that the output 
¡tower does not decrease rapidly enough in 
this region; it may also be caused by imperfect 
neutralization (a push-pull amplifier is recom-
mended because better neutralization is possi-
ble than with single-ended amplifiers) or by r.f. 
leakage from the exciter through the final 
stage. The latter condition can be checked by 
removing the plate voltage from the modulated 
stage, when the carrier should disappear, leav-
ing only the beam spot remaining on the screen 
(Fig. 5IS-F). If a small vertical line remains, 
the amplifier should be re-neutralized: if this 
does not eliminate the line, it is an indication 
that r.f. is being picked up from lower-power 
stages, either by coupling through the final 
tank or via the oscilloscope pick-up loop. 
Inward curvature at the large end of the 

pattern is caused by improper operating con-
ditions of the modulated amplifier, usually 
improper bias or insufficient excitation, or 
both, with plate mmtulation. In grid-bias and 
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eathode-modulated systems, the bias, exeita. 
tion and plate loading are not correctly pro-
portioned when such curvature occurs, usually 
because the amplifier has been adjusted to 
have too-high carrier efficiency without modu-
lation (§ 5-4, 5-5). 

For the wave-envelope pattern, it is neces-
sary to have a linear horizontal-sweep circuit 
in the oscilloscope and a source of sine-wave 
audio signal voltage (such as an audio oscilla-
tor or signal generator) which can be synchro-
nized with the sweep circuit. The linearity can 
be judged by comparing the wave envelope 
with a true sine wave. Distortion in theaudio 
circuits will affect the pattern in this ease (such 
distortion has no effect on the trapezoidal 
pattern, which shows the modulation charac-
teristic of the r.f. amplifier alone), and it is also 
readily possible to misjudge the shrine of the 
modulation envelope, so that the wave enve-
lope is less useful than the trapezoid for check-
ing linearity of the modulated amplifier. 

Fig. 519 shows typical patterns of both 
types. The cause of the distortion is indicated 
for grid-bias and suppressor modulation. The 
patterns at A, although not truly linear, are 
representative of properly operated grid-bias 
modulation systems. Better linearity can be 
obtained with plate modulation of a Class-C 
amplifier. 

Faulty patterns— The drawings of Figs. 
518 and 519 show what is normally tee be ex-
pected in the way of pattern shapes when the 
oscilloscope is used to check modulation. If 
the actual patterns differ considerably from 
those shown, it is probable that the pattern 
is faulty rather than the transmitter. It is 
important that only r.f. from the modulated 
stage be coupled to the oscilloscope, and then 
only to the vertical plates. The effect of stray 
r.f. from other stages in the transmitter has 
been mentioned in the preceding paragraph. 
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 spot where the unwanted pick-up 
disappears, a small by-pass condenser ( 10 
pmfd.) should be connected across the horizon-
tal 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 un-
grounded horizontal plate. 
"Folded" trapezoidal patterns occur when 

the audio sweep voltage is taken from some 
point in the audio system other titan that 
where the al. power is applied to the modu-
lated stage. Such patterns are caused by a 
phase difference between the sweep voltage 
and the modulating voltage. The connections 
should always be as shown in Fig. 517-B. 

Plate-current shift— As mentioned above, 
the d.c. plate current of a modulated amplifier 
will be the same with and without modulation 
so long as the amplifier operation is perfectly 
line.ar and other conditions remain unchanged. 
This also assumes that the modulator is work-
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ing within its capabilities. Because there is 
usually some curvature of the modulation 
characteristic with grid-bias modulation there 
is normally a slight upward change in plate 
current of a stage so modulated, but this occurs 
only at high modulation percentages and is 
barely detectable under the usual conditions 
of voice modulation. 
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) Wrong load resistance for the Class-C r.f. 
amplifier. 

4) Insufficient output capacity in the filter 
of the modulated-amplifier plate supply. 
Heavy overloading of the Class-C r.f. 
amplifier tube or tubes. 

Any of the following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too great). 

2) Incomplete neutralization of the modu-
lated amplifier. 

3) Parasitic oscillation in the modulated 
amplifier. 

When a common plate supply is used for 
both a Class-B (or Class-AB) modulator and a 
modulated r.f. amplifier, the plate current of 
the latter may " kick" downward because of 
poor power-supply voltage regulation (§ 8-1) 
with the varying additional load of the modu-
lator on the supply. The same effect may occur 
with high-power transmitters because of poor 
regulation of the a.c. supply mains, even when 
a separate power-supply unit is used for the 
Class-B modulator. Either condition may be 
detected by measuring the plate voltage ap-
plied to the modulated stage; in addition, poor 
line regulation also may be detected by observ-
ing if there is any downward shift in filament 
or line voltage. 
With grid-bias modulation, any of the fol-

lowing way- bc the cause of a pinto current 
shift greater than the normal mentioned above • 
Downward kick: Too much r.f. excitation; 

insufficient operating bias; distortion in modu-
lator or speech amplifier; too-high resistance in 
bias supply; insufficient output capacity in 
plate-supply filter to modulated amplifier; am-
plifier plate circuit not loaded heavily enough; 
plate-circuit efficiency too high under carrier 
conditions. 
Upward kick: Overmodulation (excessive 

audio voltage); distortion in audio system; re-
generation because of incomplete neutraliza-
tion; operating grid bias too high. 
A downward kick in plate current will ac-

company an oscilloscope pattern like that of 
Fig. 5I9-B; the pattern with an upward kick 
will look like Fig. 519-A, with the shaded • 

5) 

portion extending farther to the right and 
above the carrier, for the " wedge" pattern. 

Noise and ham on carrier — These may be 
detected by listening to the signal on a receiver 
sufficiently removed from the transmitter to 
avoid overloading. The hum level should be 
low compared to the voice at 100 per cent mod-
ulation. Hum may come either from the speech 
amplifier and modulator or from the r.f. 
section of the transmitter. Hum from the r.f. 
section can be detected by completely shutting 
off the modulator; if hum remains when this 
is done, the power-supply filters for one or more 
of the r.f. stages have insufficient smoothing 
(§ 8-4). With a hum-free carrier, hum intro-
duced by the modulator can be checked by 
turning on the modulator but leaving the 
speech amplifier off; power-supply filtering 
is the 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, t he hum is being intro-
duced in the stage or stages preceding the gain 
control. The microphone also may pick up 
hum, a condition which can be checked by 
removing the microphone from the circuit 
but leaving the first speech-amplifier grid cir-
cuit otherwise unchanged. A good ground on 
the microphone and speech system usually is 
essential to hum-free operation. 
Hum can be checked with the oscilloscope, 

where it appears as modulation on the carrier 
in the same way as the normal modulation. 
While the percentage usually is rather small, 
if the carrier shows modulation with no speech 
input hum is the likely cause. The various 
parts of the transmitter may be checked 
through as described above. 
Spurious sidebands — A superheterodyne 

receiver having a crystal filter (§ 7-8, 7-11) 
is needed for checking spurious sidebands 
outside the normal communication channel 
(§ 5-2). The r.f. input to the receiver must 
be kept low enough, by removing the antenna 
or by adequate separation from the transmit-
ter, to avoid overloading and consequent spuri-
ous receiver responses (§ 7-8). With the crystal 
filter in its sharpest position and the beat oscil-
lator turned on, tune through the regiOn out-
side the normal channel limits (3 to 4 kilocycles 
each side uf the carrier) while another person 
talks into the microphone. Spurious sidebands 
will be observed as intermittent beat notes 
coinciding with voice peaks, or, in bad cases 
of distortion or overmodulation, as " clicks" 
or crackles well away from the carrier fre-
quency. Sidebands more than 4 kilocycles from 
the carrier should be of negligible strength in 
a properly modulated 'phone transmitter. The 
causes are overmodulation or non-linear oper-
ation (§ 5-3). 

R.f. in speech amplifier — A small amount 
of r.f. current in the speech amplifier — par-
ticularly in the first stage, which is must sus-
ceptible to such r.f. pick-up — will cause over-
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loading 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 ad-
vanced 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, 

microphone cord, and speech amplifier are 
necessary to prevent r.f. pick-up, and a ground 
connection separate from that to which the 
transmitter is connected is advisable. Un-
symmetrical or capacity coupling to the an-
tenna (single-wire feed, feeders tapped on 
final tank circuit, etc.) may be responsible in 
that these systems sometimes cause the trans-
mitter chassis to take an r.f. potential above 
ground. Inductive coupling to a two-wire 
transmission line is advisable. This antenna 
effect can be checked by disconnecting the 
antenna and dissipating the power in a dummy 
antenna (§ 4-9), when it usually will be found 
that. the r.f. feed-back disappears. If it does 
not, the speech amplifier and microphone 
shielding are at fault. 

111 5-1 I Frequency Modulation 

Principles — In frequency modulation the 
carrier amplitude is constant and the output 
frequency of the transmitter is made to vary 
about the carrier or mean frequency at a rate 
corresponding to the audio frequencies of the 
speech currents. The extent to which the fre-
quency changes in one direction from the un-
modulated or carrier frequency is called the 
frequency deviation. It corresponds to the 
change of carrier amplitude in the amplitude-
modulation system (§ 5-2). Deviation is usu-
ally expressed in kilocycles, and is equal to 
the difference between the carrier frequency 
and either the highest or lowest frequency 
reached by the carrier in its excursions with 
modulation. There is no modulation percent-
age, in the usual sense; with suitable circuit 
design the deviation may be made as large 
as desired without encountering any effect 
equivalent to overmodulation in the amplitude-
mod lat cd system. 
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Fig. 520 — Triangular spectrum showing the noise 
response in an f.m. receiver compared with amplitude 
modulation. Deviation ratios of 1 and 5 arc shown. 

Detia tion r • The ratio of the maxi-
mum frequency deviation to the audio fre-
quency of the modulation is called the devia-
tion ratio. It also is called the modulation index. 
Unless otherwise specified, it is taken as the 
ratio of the maximum frequency deviation to 
the highest audio frequency to be transmitted. 
Advantages of _fan. — The chief advantage 

of frequency modulation over amplitude mod-
ulation is noise reduction at the receiver. All 
electrical noises in the radio spectrum, includ-
ing those originating in the receiver, are r.f. 
oscillations which vary in amplitude, this 
variation causing the noise response in ampli-
tude-modulation receivers. If the receiver 
does not respond to amplitude variations but 
only to frequency changes, noise can affect it 
only by causing a phase shift which appears as 
frequency modulation on the signal. The effect 
of such frequency modulation by the noise 
can be made small by making the frequency 
change (deviation) in the signal large. 
A second advantage is that the power re-

quired for modulation is inconsequential, since 
there is no power variation in the modulated 
output of the transmitter. 
Triangular spectrum— The way in which 

noise is reduced by a large deviation ratio is 
illustrated by Fig. 520. In this figure the noise 
is assumed to be evenly distributed over the 
channel used, an assumption which is almost 
always true. It is also assumed that audio 
frequencies above 4000 cycles (4 kc.) are not 
necessary to voice communication, and that the 
audio system in the receiver has no response 
above this frequency. Then, if an amplitude 
modulation receiver is used and its selectivity 
is such that there is no attenuation of side-
bands (§ 5-2) below 4000 cycles, the noise 
components of all frequencies within the chan-
nel will produce equal response when they 
beat with a carrier centered in the channel. 
The response under these conditions is shown 
by the line DC. 

In the f.m. receiver the output amplitude is 
proportional to the frequency deviation, and 
noise components in the channel can be con-
sidered to frequency-modulate the steady 
carrier with a deviation proportional to the 
difference between the actual frequency of the 
component and the frequency of the carrier, 
and also to give an audio-frequency beat of 
t he saine frequency difference. This leads to a 
rising response characteristic, such as the line 
OC, where the noise amplitude is proportional 
to the audio beat frequency. The average noise 
power output is proportional to the square 
root of the sum of the squares of all the ampli-
tude values (§ 2-7), so that the noise power 
with frequency modulation having a deviation 
ratio of 1 is only one-third that with amplitude 
modulation, or an improvement of 4.75 db. 

If the deviation ratio is increased to 5, the 
noise response is represented by the line OF. 
Since only frequencies up to 4000 cycles are 
reproduced in the output, however, the audible 
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noise is confined to the triangle OAB. These 
relations hold only when the carrier is strong 
compared to the noise. For reception of sta-
tions with weak signal strength, the signal-to-
noise ratio is better with a deviation ratio of 1. 
Linearity— A transmitter in which fre-

quency deviation is directly proportional to 
the amplitude of the modulating signal is said 
to be linear. It is essential also that the carrier 
amplitude remain constant under modulation. 
which in turn requires that the transmitter 
tuned cireuits, as well as the antenna, have 
broad enough response to handle without dis-
crimination the entire range of audio frequen-
cies transmitted. This requirement is easily 
met under ordinary conditions. 
Sidebands — Infrequency modulation there 

is a series of sidebzuids on either side of the 
carrier frequency for each audio-frequency 
component in the modulation. In addition to 
the usual sum and difference frequencies 
(§ 5-2) there are also beats at harmonics of 
the fundamental modulating frequency, even 
though the latter may be a pure tone. This oc-
curs because of the necessity for maintaining 
the proper phase relationships between the 
carrier and sidebands to keep the power output 
constant. hence, a frequency-modulated signal 
inherently occupies a wider channel than an 
amplitude-modulated signal. Because of the 
necessity for conserving space in the usual 
communication spectrum, the use of f.in. by 
amateurs is confined to the very-high frequen-
cies in the region above 28 Me. 
The number of sidebands for a single modu-

lating frequency increases with the frequency 
deviation. When the deviation ratio is of the 
order of 5 the sidehands beyond the maximum 
frequency deviation are usually negligible, 
so that the channel required is approximately 
twice the frequency deviation. 

111 5-1 2 Methods of Frequency 
Modulation 

Requirements and methods — At present 
there are no fixed standards of frequency devia-
tion in amateur work. Since a deviation ratio 
of 5 is considered high enough in any case, the 
maximum deviation necessary is 15 to 20 kc. 
for an upper audio-frequency limit of 3000 or 
4000 cycles (§ 5-2), or a channel width of 30 
to 40 kc. The permissible deviation is deter-
mined by the receiver (§ 7-18), since deviation 
beyond the limits of the receiver pass-band 
causes distortion. If the transmitter is designed 
to be linear (§ 5-11) with a deviation of about 
15 kc., it can be used at a lower deviation ratio 
simply by reducing the gain in the speech 
amplifier. Thereby it can be made to conform 
to the requirements of the receiver in use. 
The several possible methods of frequency 

modulation include mechanical modulation (for 
instance, varying condenser plate spacing in 
accordance with voice vibrations), initial 
phase-shift modulation which later is trans-
formed into frequency modulation, and direct 

frequency modulation of an oscillator by elec-
tronic means. The latter, in the form of the re-
actance-tube modulator, is the simplest system. 

03e 
tank 

Fig. 521 — Reactance modula or circuit using a 6L7 tube. 
C — Tank capacity. Ci — 3-10 ppfd. C2 — 250 /ad. 
C3 — 8-pfd. electrolytic (a.f. by-pass) in parallel with 

0.01-pfd. paper (r.f. by-pass). 
C4 — 0.01 pfd. L — Oscillator tank inductance. 
lit — 50,000 ohms. R3, Ht — 0.5 megohnt. 
R3 — 30,000 ohms. R4 --' 300 ohms. 

The reactance modulator — The reactance 
modulator consists of a vacuum tube con-
nected to the r.f. tank circuit of an oscillator 
in such a way as to act as a variable inductance 
or capacity, of a value dependent upon the 
instantaneous a.f. voltage applied to its grid. 
Fig. 521 is a representative circuit. The control 
grid circuit of the 6L7 tube is connected across 
the small capacity, C1, which is in series with 
the resistor, RI, across the oscillator tank cir-
cuit. Any type of oscillator circuit (§ 3-7) may 
be used. R1 is large compared to the reactance 
(§ 2-8) of C1, so the r.f. current through Biel 
will be practically in phase (§ 2-7) with the r.f. 
voltage appearing at the terminals of the 
tank circuit.. However, the voltage across C1 
will lag the current by 90 degrees (§ 2-8). 
The r.f. current in the plate circuit of the 6L7 
will be in phase with the grid voltage (§ 3-3), 
and consequently is 90 degrees behind the cur-
rent through C1, 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 (in an inductance the current 
lags the voltage by 90 degrees — § 2-8). The 
frequency increases in proportion to the lag-
ging plate current of the modulator, as deter-
mined by the a.f. voltage applied to the No. 3 
grid uf the 6L7; hence the oscillator frequency 
varies with the audio signal voltage. 

If, on the other hand, C1 and R1 are reversed 
and the reactance of C1 is made large compared 
to the resistance of R1 the r.f. current in the 
6L7 plate circuit will lead the oscillator tank 
r.f. voltage, making the reactance capacitive 
rather than inductive. 

Other circuit arrangements to produce the 
same effect may be employed. It is convenient 
to use a tube (such as the 6L7) in which the r.f. 
and a.f. voltages can be applied to separate 
control grids; however, both voltages may be 
applied to the same grid provided precautions 
are taken to prevent r.f. from flowing in the 
external audio circuit, and vice versa (§ 2-13). 
The modulated oscillator usually is operated 

on a relatively low frequency, so that a high 
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order of carrier stability can be secured. Fre-
quency multipliers are used to raise the fre-
quency to the final frequency desired. The 
frequency deviation increases with the number 
of times the initial frequency is multiplied; 
for instance, if the oscillator is operated on 
7 Mc. and the output frequency is to be 112 
Mc., an oscillator frequency deviation of 1000 
cycles will be raised to 16,000 cycles at the 
output frequency. 
• Design considerations — The sensitivity of 
the modulator (frequency change per unit 
change in grid voltage) increases when C1 
is made smaller, for a fixed value of RI, and 
also increases with an increase in L/C ratio 
in the oscillator tank circuit. Since the carrier 
stability of the oscillator depends on the L/C 
ratio (§ 3-7), it is desirable to use the highest 
tank capacity which will permit the desired 
deviation to be secured while keeping within 
the limits of linear operation. When tito circuit 
of Fig. 521 is used in connection with a 7- Mc. 
oscillator, a linear deviation of 2000 cycles 
above and below the carrier frequency can 
be secured when the oscillator tank capacity 
is approximately 200 wifd. A peak a.f. input 
of two volts is required for full deviation. At 
56 Mc. the maximum deviation would be 
8 X 2000, or 16 kc. 

Since a change in any of the voltages on the 
modulator tube will cause a change in r.f. 
plate current, and consequently a frequency 
change, it is advisable to use a regulated plate 
power supply for both modulator and oscilla-
tor. At the low voltages used (250 volts), the 
required stabilization can be secured by means 
of gaseous regulator tubes (§ 8-8). 
Speech amplification— The speech ampli-

fier preceding the modulator follows ordinary 
design (§ 5-9), except that no power is required 
from it and the a.f. voltage taken by the modu-
lator 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-amplifier stages are needed; a two-
stage amplifier consisting of a pentode followed 
by a triode, both resistance-coupled, will suf-
fice for crystal microphones (§ 5-8). 

R.f. amplifier stages — The frequency mul-
tiplier and output stages following the modu-
lated oscillator may be designed and adjusted 
in accordance with ordinary principles. No 
special excitation requirements are imposed, 
since the amplitude of the output is constant. 
Enough frequency multiplication must be 
used to give the desired maximum deviation 
at the final frequency: this depends upon the 
maximum linear deviation available from the 
modulator-oscillator. All stages in the trans-
mitter should be tuned to resonance, and care-
ful neutralization (§ 4-7) of any straight ampli-
fier stages is necessary to prevent r.f. phase 
shifts which might cause distortion. 
Checking operation— The two quantities 

to be checked in the f.m. transmitter are linear-
ity and frequency deviation. With a modulator 

of the type shown in Fig. 521, both the r.f. 
and a.f. voltages are small enough to make the 
operation Class A (§ 3-4), so that the plate 
current of the modulator is constant so long 
as operation is over the linear portions of the 
No. 1 and No. 3 grid characteristics. Hence, 
non-linearity will be indicated by a change in 
plate current as the a.f. modulating voltage 
is increased. The distortion will be within ac-
ceptable limits, with the tube and constants 
given in Fig. 521, when the plate current does 
not change more than 5 per cent with signal. 
Non-linearity is accompanied by a shift in 

the carrier frequency, so it also can be checked 
by means of a selective receiver such as one 
with a crystal filter (§ 7-11). A tone source is 
convenient for the test. Set the receiver for 
high selectivity, switch on the beat oscillator, 
and tune to the oscillator carrier frequency. 
(The check does not need to be made at the 
output frequency and the oscillator frequency 
usually is more convenient, since it will fall 
within the tuning range of a communications 
receiver.) Increase the modulating signal until 
a definite shift in carrier frequency is observed; 
this indicates the point at which non-linearity 
starts. The modulating signal should be kept 
below the level at which carrier shift is ob-
served, for minimum distortion. 
A selective receiver also can be used to check 

frequency deviation, again at the oscillator 
frequency. A source of tone of known fre-
quency is required, preferably a continuously 
variable calibrated audio oscillator or signal 
generator. Tune in the carrier as described 
above, using the beat oscillator and high selec-
tivity, and adjust the modulating signal to the 
maximum level at which linear operation is 
secured. Starting with the lowest frequency 
available, slowly raise the tone frequency while 
listening closely to the carrier beat note. As the 
tone frequency is raised the beat note first will 
decrease in intensity, then disappear entirely 
at a definite frequency, and finally come back 
and increase in intensity as the tone frequency 
is raised still more. The frequency at which the 
beat note disappears, multiplied by 2.4, is the 
frequency deviation at that level of modulating 
signal; for example, if the beat note disappears 
with an 800-cycle tone, the deviation is 2.4 X 
800, or 1920 cycles. The deviation at the out-
put frequency is the oscillator deviation multi-
plied by the number of times the frequency is 
multiplied; in this example, if the oscillator is 
on 7 Mc. and the output on 56 Mc., the final 
deviation is 1920 X 8, or 15.36 kc. 
The output of the transmitter can be 

checked for amplitude modulation by observ-
ing the antenna current. It should not change 
from the unmodulated carrier value when the 
transmitter is modulated. Where there is no 
antenna ammeter in the transmitter, a flash-
light 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 bril-
liance will not change with modulation. 
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41 6-1 Keying Principles and 
Characteristics 

Requirements — The keying of a trans-
mitter can be considered satisfactory if the 
method employed reduces the power output 
to zero when the key is open, or " up," and 
permits full power to reach the antenna when 
the key is closed, or " down." Furthermore, the 
keying system should accomplish this without 
producing keying transients or " clicks," which 
cause interference with other amateur stations 
and with local broadcast reception, and the 
keying process should not affect the frequency 
of the emitted wave. 
Back-wave— From various causes, some en-

ergy may get through to the antenna during 
keying spaces. The effect then is as though the 
dots and dashes were only louder portions of 
a continuous carrier; in some cases, in fact, 
the back-wave, or signal heard (luring the key-
ing spaces, may seem to be almost as loud as 
the keyed signal. Under these conditions the 
keying is hard to read. A pronounced back-
wave often results when the amplifier stage 
feeding the antenna is keyed; it may be present 
because of incomplete neutralization (§ 4-7) 
of the final stage, allowing sonie energy to get 
to the antenna through the grid-plate capacity 
of the tube, or because of magnetic coupling 
between antenna coupling coils and one of the 
low-power stages. 
A back-wave also may be radiated if the key-

ing system does not reduce the input to the 
keyed stage to zero during keying spaces. This 
trouble will not occur in keying systems which 
cut off the plate voltage when the key is open, 
but may be present in grid-blocking systems 
( 0-3) if the blocking voltage is not great 
enough and in power-supply primary keying 
systems (§6-3) if only the final-stage power-
supply primary is keyed. 
Keying waveform and sidebands— A 

keyed c.w. signal can be considered equivalent 
to a modulated signal (§ 5-1), except that, in-

(A) 

(B) 
Fig. 601— Extreme of posible keying wavesItapes 
A, rectangular characters; B. 4ne-uave characters. 

stead of being modulated by sinusoidal waves 
and their harmonics, it is modulated by a rec-
tangular wave, as in Fig. 601-A. If it were modu-
lated by a sinusoidal wave of single frequency, 
as in Fig. 601-B, the only sidebands would be 
those equal to the carrier frequency plus and 
minus the modulation frequency (§ 5-2). 
A keying speed of 50 words per minute, send-
ing sinusoidal dots, would give sidebands only 
20 cycles either side of the carrier. However, 
when harmonics are present in the modulation 
the sidebands will extend out on both sides of 
the signal as far as the frequency of the highest 
harmonic. The rectangular wave form con-
tains an infinite number of harmonics of the 
keying frequency, so a carrier modulated by 
truly rectangular dots would have sidebands 
covering the entire spectrum. Actually, the 
high-order harmonics are eliminated because 
of the selectivity of the tuned circuits (§ 2-10) 
in the transmitter, but there still is enough 
energy in the lower harmonics to extend the 
sidebands considerably. Considered from an-
other viewpoint, whenever, a pulse of current 
has a steep front (or back) high frequencies 
are certain to be present. If the pulse can be 
slowed down, or caused to lag, through a suit-
able filter circuit, the highest-order harmonics 
are filtered out. 
Key clicks— Because the high-order har-

monics exist only during the brief interval 
when the keying character is started or ended 
(when the amplitude of the keying wave is 
building up or dying down), their effects outside 
the normal communication channel are ob-
served as pulses of very short duration. These 
pulses are called key dicks. 

Tests have shown that practically all opera-
tors prefer to copy a signal which is " solid" 
on the " make" end of each dot or dash; i.e., 
ono that does not build up too slowly but just 
slowly enough to have a slight click when the 
key is closed. The same tests indicate that the 
most pleasing and least difficult signal to copy. 
particularly at high speeds, is one that has a 
fairly soft " break" characteristic; i.e., one 
that has practically no click as the key is 
opened. A signal with heavy clicks on both 
make and break is difficult to copy at high 
speeds (and also causes considerable inter-
ference), but if it is too "soft" the dots and 
dashes will tend to run together. it is relatively 
simple to adjust the keying of a transmitter 
so that for all normal hand speeds ( 15 to 40 
w.p.m.) the readability will be satisfactory 
while the keying still will not cause interfer-
ence to reception of other signals near the 
frequency of the transmitter. 
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Break-in keying — In code transmission, 
there are definite intervals, between dots and 
dashes and between words, when no power is 
being radiated by the transmitter. It is possi-
ble, therefore, to allow the receiver to operate 
continuously and thus be capable of receiving 
incoming signals during the keying intervals. 

F--

(8 )  sas iPU, E 

This practice facilitates communication, be-
cause the receiving operator can signal the 
transmitting operator, by holding down the 
key of his transmitter, whenever he has failed 
to copy part of the message, and thus obtain a 
repetition of the part that is missing without 
waiting until the end of the message. This is 
called break-in operation. 
Frequency stability — Keying should have 

no effect upon the output frequency of a prop-
erly designed and adjusted transmitter. How-
ever, in many instances keying will cause a 
"chirp," or small frequency change, at the 
instant of closing or opening the key, which 
makes the signal difficult to read. Multistage 
transmitters keyed in a stage subsequent to 
the oscillator usually are free from this condi-
tion, unless the keying causes line-voltage 
changes which in turn affect the frequency of 
the oscillator. When the oscillator is keyed 
for break-in operation, special care must be 
taken to insure that the signal does not have 
keying chirps. 
Selecting the stage to key — It is advan-

tageous from an operating standpoint to 
design the c.w. transmitter for break-in opera-
tion. In ordinary cases this dictates that the 
oscillator be keyed, since a continuously 
running oscillator will create interference in the 
receiver and thus prevent break-in operation 
on or near the transmitter frequency. On the 
other hand, it is easier to avoid a chirpy signal 
by keying a buffer or amplifier stage. In either 
case, the tubes following the keyed stage must 
be provided with sufficient fixed bias to limit 
the plate currents to safe values when the key 
is up and the tubes are not being excited (§ 8-9). 
Complete cut-off reduces the possibility of a 
back-wave if a stage other than the oscillator 
is keyed, but the keying waveform is not as well 
preserved and some clicks can be introduced 
even though the keyed stage itself produces 

-- A. shows 
plate keying; H, screen 
grid keying. Oscillator 
circuits are shown 
in both cases, but 
the same keying 
methods can be used 
i th amplifier circuits. 

no clicks. It is a good general rule to bias the 
tubes so that they draw a key-up plate current 
equal to about 5 per cent of the normal key-
down value. 
Keyed power — The power broken by the 

key is an important consideration, both from 
the standpoint of safety for the operator and 
that of arcing at the key contacts. Keying the 
oscillator or a low-power stage is favorable in 
both respects. The use of a keying relay is 
highly recommended when a high-power cir-
cuit is keyed. 

6-2 Keying Circuits 

Plate-circuit keying — Ait stage of the 
transmitter can be keyed by opening and clos-
ing the plate power circuit. Two methods are 
shown in Fig. 602. In A the key is in series 
with the negative lead from the plate power 
supply to the keyed stage. It could also be 
placed in the positive lead, although this is 
to be avoided whenever possible because the 
key is necessarily at the plate voltage above 
ground, and there is danger of shock unless a 
keying relay is used. 

Fig. 602-B shows the key in the screen-
supply lead of an electron-coupled oscillator. 
This can be considered to be a variation of 
plate keying. 
Both the plate and screen-grid keyingcircuits, 

A and B of Fig. 602, respond well to the use of 
key-click filters, and are particularly suitable 
for use with crystal and self-controlled oscilla-
tors which are operated at low plate voltage 
and power input. 
Power-supply keying— A variation of 

plate keying, in which the keying is introduced 
in the power-supply system itself. rather than in 

(6) 

Fig. 603 — Power-supply keying. Grid-control rectifiers 
are used in A. Transformer T is a small multiple-second-
ary unit of the type used in receiver power supplies. 
and is used in conjunction with the full-wave recti-
fier tube to develop bias voltage for the grids of the high. 
voltage rectifiers. R1 limits the load on the bias supply 
when the keying relay is closed; 50,000 ohms is a suitable 
value. CI may be0.1 afd. or larger. L and C constitute the 
smoothing filter for the high-voltage supply in both cir-
cu its. B shows direct keying of the transformer primary . 
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the connections between the power supply and 
transmitter, is illustrated by the diagrams in 
Fig. 603. 

Fig. 603-A shows the use of grid-controlled 
rectifier tubes (§ 3-5) in the power supply. 
Keying is accomplished by applying suitable 
bias to the grids to cut. off plate current flow 
when the key is open, and by removing the bias 
when the key is closed. Since in practice this 
circuit is used only with high-powered high-
voltage supplies, a well-insulated keying relay 
is a necessity. 

Direct keying of the primary of the plate 
power transformer for the keyed stage or stages 
is shown in Fig. 603-B. This and the method at 
A inherently have a keying lag because of the 
time constant. (§ 2-6) of the smoothing filter. 
If enough filter is provided to reduce ripple to 
a low percentage (§ 8-4) the lag (§ 6-1) is too 
great to permit crisp keying at speeds above 
about 25 words per minute, although this 
type of keying is very effective in elintinat-
ing key clicks. A single-section plate-supply 
filter (§ 8-6) is about the most elaborate type 
that can be used if a reasonably good keying 
characteristic is to be achieved. 

'Ece2i.f 

Fig. 604— Blocked-grid keying. RI, the curren t - limit-
ing resistor, should have a value of about 50,000 ohms. 
CI may have a capacity of 0.1 to 1 Al., depending 
upon the kes in g characteristic desired. R2 also depends 
on the performance characteristic desired, values being 
of the order of 5000 to 10,000 ohms in most cases. 

Blocked-grid keying— Keying may be ac-
complished by applying sufficient negative 
bias voltage to a control or suppressor grid to 
cut off plate current flow when tilt: key is open, 
and by removing this blocking bias when the 
key is closed. The blocking bias voltage must 
be sufficient to overcome the r.f. grid volt-
age, in the case where the bias is applied 
to the control grid, and hence must be con-
siderably higher than the nominal cut-off 
value for the tube at the operating d.c. plate 
voltage. The fundamental circuits are shown 
in Fig. 604. 

In both circuits the key is connected in 
series with a resistor, RI, which limits the cur-
rent drain on the blocking-bias source when the 
key is closed. Rei is a resistance-capacity filter 
(§ 2-11) for controlling the lag on make and 
break of the key circuit. The lag increases as 
the time constant (§ 2-6) of this circuit is made 
larger. Since grid current flows through R2 
when the key is closed in Fig. 604-A, additional 

operating bias is developed, hence somewhat 
less bias is needed from the regular bias supply. 
The operating and blocking biases can be ob-
tained from the same supply, if desired, by 

Fig. 605— Center-tap and cathode keying. The conden-
sers. C, are r.f. by-pass condensers. Their capacity is not 
critical, values of 0.001 to 0.01 pfd. ordinarily being used. 

utilizing suitable taps on a voltage divider 
(§ 8-10). For circuits in which no fixed bias is 
used R2 can be the regular grid leak (§ 3-6) for 
the stage. 
With blocked-grid keying a relatively small 

direct current is broken as compared to other 
systems. Thus any sparking at the key is re-
duced. The keying characteristic (lag) readily 
can be controlled by a suitable choice of values 
for C1 and R2. 
Cathode keying— Opening the d.c. circuits 

of both plate and grid simultaneously is called 
cathode keying. It is usually called center-tap 
keying with a directly heated filament-type 
tube, since in this case the key is placed in the 
filament-transformer center-tap lead. Typical 
circuits for this type of keying are shown in 
Fig. 605. 
Cathode keying results in less sparking at 

the key contacts, for the same plate power, 
as compared with keying in the plate-supply 
lead. When used with an oscillator it does not 
respond as readily to key-click filtering (§ 6-3) 
as does plate keying, but there is little differ-
ence in this respect between the two systems 
when an amplifier is keyed. 

41 6-3 Key-Click Reduction 
R.f. filters— A spark at the key contacts, 

even though minute, will cause a damped 
oscillation to be set up in the keying circuit 
which may modulate the transmitter output 
or may simply be radiated by the wiring in the 
keying circuit. Interference from the latter 
source is usually confined to the immediate 
vicinity of the transmitter, and is similar in 
nature and effects to the click which is fre-
quently heard in a receiver when an electric 
light is turned on or off. It can be minimized by 
isolating the key from the wiring by means of a 
low-pass filter (§ 2-11), which usually consists 
of an r.f. choke in each key lead, placed as close 
as possible to the key, and by-passed on the key-
ing-line side by a condenser, as shown in Fig. 
606. Suitable values must be determined by 
experiment. Choke values may range from 
2.5 to 80 millihenrys, and condenser capacities 
from 0.001 to 0.1 dd. 

This type of r.f. filter is required in nearly 
every keying installation, in addition to the 
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lag circuits which are discussed in the next 
paragraph. 
Lagcircuits— A filter used to give a desired 

shape to the keying character, to eliminate 
unnecessary side bands and consequent inter-
ference, is called a lag circuit. In one form, 
suitable for the circuits of Figs. 602 and 605, it 
consists of a condenser across the key terminals 
and an inductance in series with one of the 
leads. This is shown in Fig. 607. The optimum 
values of capacity and induetance must be 
found by experiment, but are not especially 
critical. If a high-voltage low-current circuit 
is being keyed a small condenser and large 
inductance tuill be necessary, while if a low-
voltage high-current circuit is keyed the ca-
pacity required will be high and the inductance 

Pee Fig. 606— B.f. filter tosed for 
eliminating the effect s of sparking 
at key contaets. Suitable values 
for best results with individual 
transmitters must be determined 
by experiment. Values for RFC 
range front 2.5 to 0 in II I}1e0r1e5 

Key and for C f  0.001 to 0.1 afd. 

act are 

small. For example, a 300-volt 6-ma. circuit 
will require about 30 henrys and 0.05 mfd., 
while a 300-volt 50-ma. circuit needs about 
1 henry and 0.5 M. For any given circuit 
and fixed values of current and voltage, in-
creasing the inductance will reduce the clicks 
on " make" and increasing the capacity will 
reduce the clicks on " break." 

Blocked-grid keying is adjusted by changing 
the values of resistors and condensers in the 
circuit. In Fig. 604, the click on " make" is 
reduced by increasing the capacity of CI, and 
the click on break is reduced by increasing Ci 
and/or R2. The values required for individual 
installations will vary with the amount of 
blocking voltage and the grid current. The 
constants given in Fig. 604 will serve as a first 
approximation. 
Tube keying— A tube keyer is a convenient 

adjunct to the transmitter, because it allows 
the keying characteristic to be adjusted easily 
without necessitating condenser and induct-
ance values which may not be readily availa-
ble. It uses the plate resistance of a tube (or 
tubes in parallel) to replace the key in a plate 
or cathode circuit, the keyer tube (or tubes) 
being keyed by the • blocked-grid method 
(§ 6-2). A typical circuit is shown in Fig. 603. 
Type 45 tubes are suitable because of their 
low plate resistance and consequent small 
voltage drop between plate and cathode. 
When a tube keyer is used to replace the key 
in a plate or cathode circuit, the power output 
of the stage will be somewhat reduced because 
of the voltage drop across the keyer tube, 
but this can be compensated for by a slight 
increase in the supply voltage. The use of a 
tube keyer makes the key itself entirely safe to 
handle, since the high resistance in series with 
the key and blocking voltage prevents possible 
danger of shock through contact with high-
voltage circuits. 

(16-4 Checking Transmitter Keying 

Clicks— Transmitter keying can be checked 
by listening to the signal on a superhetero-
dyne receiver. The antenna should be discon-
nected, so that the receiver does not overload, 
and, if necessary, the r.f. gain may be reduced 
as well. Listening with the beat oscillator and 
a.v.e. off, the keying should be adjusted so 
that a slight click is heard as the key is closed 
but practically none can be heard when the key 
is released. When the keying constants have 
been adjusted to meet this condition, the 
clicks will be about optimum for all normal 
amateur work. If the clicks are too pronounced, 
they will cause interference with other ama-
teur transmissions, and possibly to nearby 
broadcast receivers. 
Chirps — Keying chirps (instability) may 

be checked by tuning in the signal or one of 
its harmonics on the highest frequency range 
of the receiver and listening with the b.f.o. 
on and the a.v.c. off. The gain should be suffi-
cient to give moderate signal strength, but 
it should be low enough to preclude the possi-
bility of overloading. Adjust the tuning to 
give a low-frequency beat note and key the 
transmitter. Any chirp introduced by the 
keying adjustment will be readily apparent. 
Listening to a harmonic will magnify the effect 
of any instability by the order of the har-
monic, and thus make it more perceptible. 

Oscillator keying— The keying of an ampli-
fier is relatively straightforward and requires 
no speeral treatment, but a few additional pre-

TO Keyed Cirefia 
Fig. 607— Lag circuit used for 
shaping the keying character to 
eliminate ttttt tevessary sidebands. 
Actual values for any given circuit 
miist be determined by experiment, 
and may range front I to 30 henries 
for J. and from 0.05 to 0.S ad. for 
C, depending on the keyed current. From Key 

cad rf filter 

cautions will be found necessary with oscillator 
keying. Any oscillator, either self-excited or 
crystal, will key well if it will oscillate at low 
plate voltages (of the order of one or two volts) 
uicl if its change in frequency with plate-volt-
age change is negligible. A crystal oscillator 
will oscillate at low plate voltages if a regenera-
tive type of circuit such as the Tri-tet or grid-
plate (§ 4-5) is used and if an r.f. choke is con-
nected in series with the grid leak, to reduce 
loading on the crystal. Crystal oscillators of 
this type generally are free from chirp unless 
there is a relatively large air-gap between the 
crystal and top plate of the crystal holder, as is 
the case with a variable-frequency crystal set 
at the high-frequency end of its range. 

Self-controlled oscillators can be made to 
meet the same requirements by using a high 
C/L ratio in the tank circuit, low plate and 
screen currents, and judicious feed-back ad-
justment (§ 3-7). A self-controlled oscillator 
intended to be keyed should be designed for 
good keying rather than maximum output. 
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Stages following keying — When a keying 

filter is being adjusted, the stages following 
the keyed tube should be made inoperative by 
removing the plate voltage. This facilitates 
monitoring the keying without the introduc-
tion of additional effects. The following stages 
should then be added, one at a time, checking 
the keying after each addition. An increase 
in click intensity (for the same carrier strength) 
indicates that the clicks are being added in 
the stages following the one being keyed. 
The fixed bias on such stages should be suffi-
cient to reduce the idling plate current (no 
excitation) to a low value, but not to zero. 
Under these conditions, any instability or 
tendency toward parasitic oscillations, either 
of which can adversely affect the keying char-
acteristic, usually will evidence itself. 
Monitoring of keying — Most operators 

find a keying monitor helpful in developing 
and maintaining a good " fist," especially if a 
"bug" or semi-automatic key is used. While 
several types have been devised, the most 
popular consists of an audio oscillator the out-
put of which is coupled to the receiver loud 
speaker or headphones, and which is keyed 
simultaneously with the transmitter. Fig. 609 
shows the circuit diagram of a simple keying-
monitor oscillator. The plate voltage, as well 
as the heater voltage, is supplied by a 6.3-volt 
filament transformer. One section of the 
6F8(1 dual triode is used as the rectifier to sup-
ply d.c. for the plate of the second section, 
which is used as the oscillator. A change in the 
value of RI will alter the output tone. The out-
put terminal labeled Gad should be connected 
directly to the receiver chassis, while PI should 
be connected to the " hot" side of the head-
phones. Shunting of the 'phones by the oscil-
Lator may cause some loss of volume on re-
ceived signals, unless the coupling capacity. Ca, 
is made sufficiently small. However, the capac-

f, 
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608 — Vacuum-tube keyer circuit. The voltage 
drop across the tubes n ill be approximately 90 volts sri t h 
the two Type ,15 tubes shown, n hen the keyed current 
is 100 milliamperes. MOPe trias can be connected in par-
allel to reduce the drop. Suggested values are as follows: 
Ci — 2-51d. 600-volt paper. 
— 0.003-p ft I. mica. 

C3 — 0.005-Al. mica. 
— 0.25 mcgolun. 2 watt. 

14— 50,000 ohms., 10 watt. 
Rs, ht 5 megohms, M watt. 
— 0,5 meant] m, 3,'5 watt. 

Swt, Sw2 — I-circuit 3-position rotary switch. 
— powc, transformer, 325 volts midi side of center. 

lap, with 5-volt and 2.5-volt filament windings. 

A wider range of lag adjustment can be obtained by 
using additional resistors and condensers. Suggested 
values of capacity, in addition to C2 and C3., are 0.001 
and 0.002 phi. Resistors in addition to ¡(g could be 2, 2, 3 
and 5 megobms. More switch positions will be required. 

T, 6T8G 

Fig. 609 — Circuit diagram of a k, mg monitor of the 
audio-oscillator ty pe, with self-contained pot% er supply 

Ci — 25-pfd. 25.t oit electrolytic. 
C2 — 250-anftl. mica. 
C3 — Approximately 0.01 pfd. (see text). 
RI — 0.15 megolim, 1 non. 
— A p proxim a t eh 9.1 inegolim. I 44 à1 it ( see text). 

6.3-volt 1-atnitere filament trare.ftffluer. 
Ta— Small audio transformer, interstage type. 

ity should be made large enough to provide 
good transfer of the oscillator signal. 

If the transmitter oscillator is keyed for 
break-in, the keying terminals of the oscillator 
may be connected in parallel with those of the 
transmitter. With cathode keying, terminals 1 
and 2 will be connected across the key, with 
terminal 2 going to the ground side of the key. 
With blocked-grid keying, terminals 2 and 3 
go to the key und a resistance of 0.1 megohm 
or so is inserted in seri-s with terminal 3. 

Electronic keys— Several electronic circuits 
have been devised for producing automatic 
dots and dashes. A typical example is shown in 
Fig. 610. The values provide for a maximum 
speed of 60 w.p.m. with a 300-volt supply. RI 
and R2 ShOillil be of the saine type and ganged 
to form the speed control. To adjust for proper 
operation, ground the right cathode and adjust 
R7 until the left plate current is zero. Do the 
same thing with the sections reversed, biasing 
the right section to eut-off temporarily. Adjust 
R5 until the plate voltages are equal. Return 
the circuit to normal and cheek the average 
plate voltages with the key on the " dot" side. 
If they are unequal, adjust a fixed resistor con-
nected in series with RI or R2 until they are 
equal. On dashes, the plate voltage of the right 
section should drop one-third and that of the 
left section should increase by one-third. Ad-
just the size of C3 until this condition is met. 
(See (287' for March, 1941.) 

610 - - A nndticibrator-type electronic key. 
Q, C2 — 0.005 -mfil. Keqed 

mica. CirrAut 
C3 — . 01- nfd. 400-

volt paper. 
C4 — 0.01 — ap-

pros intateli . 
112 — 2-meedun 

variable (sec 
text). 

113, Rs — 50,000 ohms, 
1,¡ watt. 

1ln — 3000 ohms for 
resistanee 
equal to rr-
sistanee of 
Ry). 

Re — 0.25 megohni, 
%4.. watt. 

RT — 75,000 ohms, 3.,t 
watt. 

lty — Sensitive relay 
(Eby). 



Chapter Seven 

Pet-elver rincipleei 

41 7-1 Elements of Receiving Systems 

Basic requirentenis— The purpose of a 
radio receiving system is to abstract energy 
from passing radio waves and convert it into 
a form which conveys the intelligence con-
tained in the transmitted signal. The receiver 
also must be able to seleet a desired signal and 
eliminate those not wanted. The fundamental 
processes involved are those of amplification 
and detection. 
Detection — The high frequencies used for 

radio signaling are well beyond the audio-
frequency range (§ 2-7), and therefore cannot 
be used to actuate a loudspeaker directly. Nei-
ther can they be used to operate other devices, 
such as relays, by means of which a message 
might be transmitted. The process of convert-
ing a modulated radio-frequency wave to a 
usable low frequency, called detection or de-
modulation, is essentially that of rectification 
(§ 3-1). The modulated carrier (§ 5-1) is there-
by converted to a unidirectional current, the 
amplitude of which will vary at the same rate 
as the modulation. These low-frequency varia-
tions are readily amplified, and can be applied 
to the headphones, loudspeaker or other form 
of electromechanical device. 
Code signals — The (lots and dashes of code 

(c.w.) transmissions are rectified as described, 
but in themselves can produce no audible tone 
in the headphones or loudspeaker because they 
are of constant amplitude. For aural reception 
it is necessary to introduce a second radio fre-
quency, differing from the signal frequency by 
a suitable audio frequency, into the detector 
circuit to produce an audible beat (§ 2-13). 
The frequency difference, and hence the beat 
Pole, is generally of the order of 500 to 1000 
cycles, since these tones are within the range 
of optimum response of both the ear and the 
headset. If the source of the second radio 
frequency is a separate oscillator, the system 
is known as heterodyne reception; if the de-
tector itself is made to oscillate and produce 
the second frequency, it is known as an auto-
dyne detector. 
Asnplification— To build up weak signals 

to usable output level, modern receivers em-
ploy considerable amplification — often of the 
order of hundreds of thousands of times. Am-
plifiers are used at the frequency of the incom-
ing signal (r.f. amplifiers), after detection (a.f. 
amplifiers), and, in superheterodyne receivers, 
at one or more intermediate radio frequencies 
(11. amplifiers). R.f. and i.f, amplifiers practi-
cally always employ tuned circuits. 

Types of receivers — Receivers may vary 
in complexity from a simple detector with no 
amplification to multi-tube arrangements hav-
ing amplification at several different radio 
frequencies as well as at audio frequency. A 
regenerative detector (§ 7-4) with or without 
audio-frequency amplification (§ 7-5) is known 
as a regenerative receiver; if the detector is pre-
ceded by one or more tuned r.f. amplifier 
stages (§ 7-6), the combination is known as 
a t.r.f. (tuned radio frequency) receiver. The 
superheterodyne receiver (§ 7-8) employs r.f. am-
plification at a fixed intermediate frequency 
as well as at the frequency of the signal itself, 
the latter being converted by the heterodyne 
process to the intermediate frequency. 
At very-high frequencies the superregenera-

tive detector (§ 7-4), usually with audio ampli-
fication, is used in the superregeneralive re-
ceiver or superregenerator, providing large am-
plification of weak signals with simple circuit 
arrangements. 

(r. 7-2 Receiver Characteristics 

Sensitivity — Sensitivity is defined as the 
strength of the signal ( usually expressed in 
microvolts) which must be applied to the input 
terminals of the receiver to produce a specified 
audio-frequency power output at the loud-
speaker or headphones (§ 7-5). It is a measure 
of the amplification or gain of the receiver. 

10 

100 

100 

10 

2 

1 

e 
,', 
é 
4 
i; d 

» ss 

/ 

s 
î 

---3 .< 

• 20 -n •.5 -s(tst«<)ts ..0 o 
mioGYCLer FROM ReJOMINCE 

Fig. 701 — Selectivity carve of a modern superhet-
erodyne 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 corresponding decibel steps are shown at the right. 
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Receiver Principiei and Zeóign 

Signal-to-noise ratio — Every receiver gen-
erates some noise of a hiss-like character, and 
signals weaker than the noise cannot be sepa-
rated from it no matter how much amplifica-
tion is used. This relation between noise and a 
weak signal is expressed by the term signal-to-
noic ratio. It can be defined in various ways, 
one simple way being to give it as the ratio of 
signal power output to noise output from the 
receiver at a specified value of modulated car-
rier voltage applied to the input terminals. 
The hiss-like noise mentioned above is in-

herent in the circuits and tubes of the receiver, 
and its amplitude depends upon the selectivity 
of the receiver. The greater the selectivity the 
smaller the noise, other things being equal 
(§ 7-6). In addition to inherent receiver noise, 
atmospheric electricity ( natural " static") and 
electrical devices in the vicinity of the receiver 
also cause noise which adversely affects the 
signal-to-noise ratio. 

Selectivity — Selectivity is the ability of a 
receiver to discriminate against signals of fre-
quencies differing from that of the desired sig-
nal. The over-all selectivity will depend upon 
the selectivity of the individual tuned circuits 
and the number of such circuits. 
The selectivity of a receiver is shown graph-

ically by drawing a curve which gives the ratio 
of signal strength required at various frequen-
cies off resonance to the signal strength at 
resonance, to give constant output. A resonance 
curer of this type (taken on a typical com-
munications-type superheterodyne receiver) is 
shown in Fig. 701. The band-width is the width 
of the resonance curve (in cycles or kilocy-
cles) of a receiver at a specified ratio; in Fig. 
701, the band-widths are indicated for ratios 
of response of 2 and 10 (" 2 times down" and 
"10 times down"). 

Selectivity for signals within a few kilocycles 
of the desired-signal frequency is called adja-
cent-channul selectivity, to distinguish it from 
the discrimination against signals considerably 
removed from the desired frequency. 

Stability — The stability of a receiver is its 
ability to give constant output, over a period 
of time, from a signal of constant strength 
and frequency. Prisnisrily, it means the ability 
to stay tuned to a given signal. However, a 
receiver which at some settings of its controls 
has a tendency to break into oscillation, or 
"howl," also is said to be unstable. 

Tlie stability of a receiver is affected prin-
cipally by temperature variations, supply-volt-
age changes, and constructional features of a 
mechanical nature. 

Fidelity — Fidelity is the relative ability of 
the receiver to reproduce in its output the 
modulation (keying, 'phone, etc.) carried by 
the incoming signal. For exact reproduction 
the band-width must be great enough to ac-
commodate the highest modulation frequency 
transmitted, and the relative amplitudes of the 
various frequency components within the band 
must not be changed in the output. 
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(A) 

(6) 

(C) 

Fig. 702 — 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 cou-
pling indicated. Tile circuit, Lgir:i, is tuned to the signal 
frequency; typical valises for C2 and RI in A and LI are 
250 eimfd. and 230,000 ohms, respeetivel: in B, CI and 
C3 arc 100 mufti. each; RI, 50,000 ohms; and R2. 250.000 
ohms. C4 is 0.1 dd. and R3 may be 0.5 to 1 inegobin. 

4L 7-3 Detectors 

Characteristics — The important charac-
teristics of a detector are its sensitivity, fidelity 
or linearity, resistance or impedance, and sig-
nal-handling capability. 

Detector sensitivity is the ratio of audio-
frequency output to radio-frequency input. 
Linearity is a measure of the ability of the 
detector to reproduce, as an audio frequency, 
the exact form of the modulation on the in-
coming signal. The resistance or impcdeince of 
the detector is important in circuit design, 
since a relatively low resistance means that 
power is consumed in the detector. The signa 
handling capability means the ability of the 
detector to accept signals of a specified ampli-
tude without overloading. 
Diode detectors — The simplest detector is 

the diode rectifier. Circuits for both half-wave 
and full-wave (§ 8-3) diodes are given in Fig. 
702. The simplified half-wave circuit at 702-A 
includes the r.f. tuned circuit, L2Ci, a coupling 
coil, LI, from which the r.f. energy is fed to 
L2Ci, and the diode, D, with its load resist-
ance, RI, and by-pass condenser, C2. The flow 
of rectified r.f. current through R1 causes a d.e. 
voltage to develop across its terminals, and 
this voltage varies with the modulation on the 
signal. The — and ÷ signs show the polarity 
of the voltage. The variation in amplitude of 
the r.f. signal with modulation causes corre-
sponding variations in the value of the d.c. 
voltage across Ri. The load resistor. RI, usually 



144 
Modidated 
seta/applied 
to detecto,' 

Chapter Seven 

because the midpoint of L2 is at the same poten-
tial as the cathode. or " ground" for r.f. 
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 R1 (§ 2-8, '2-13). 
This condition is satisfied by the values shown. 
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. Since the diode con-
sumes power, the Q of the tuned circuit is 
reduced, bringing about a reduction in selectiv-
ity (§ 2-10). The linearity is good, however, 
and the signal-handling capability is high. 
Grid-leak detectors — The grid-leak de-

tector is a combination diode rectifier and 
audio-frequency amplifier. In the circuit of 
Fig. 704-A, the grid corresponds to the diode 
plate and the rectifying action is exactly the 
same as just described. The d.c. voltage from 
rectified-current flow thiough the grid leak, RI, 
biases the grid negatively with respect to cath-
ode, and the audio-frequency variations in 
voltage across R1 are amplified through the 
tube just as in a normal ri.f. amplifier. In the 
plate circuit, R2 is the plate load resistance 
(§ 3-3) and C3 is a by-pass condenser to dim-

(A) 
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Fig. 703 — Diagrams showing the detection process. 

has a rather high value of resistance, 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. 703. A typi-
cal modulated signal as it exists in the timed 
circuit is shown at A. When applied to the 
rectifier tube, current flows from plate to cath-
ode 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. still modulated as in the 
original signal. These current " pulses" flow 
in the load circuit comprised of R1 and C2, the 
resistance of /ti and the capacity of C2 being so 
proportioned that C., 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 which 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 condenser (C4 in Fig. 702-B), only the 
variations in voltage are transferred, so that 
the final output signal is a.c., as shown in D. 

In the circuit at. 702-B, 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 condenser, 
C4 in Fig. 702, to a loatl resistor, R3, Wilielt 
usually is a " potentiometer" (§ 8-10) su that 
the volume can be adjusted to a desired level. 
The full-wave diode circuit at 702-C differs in 

operation from the half- wave circuitonly in that 
both halves of the r.f. cycle are utilized. The full-
wave circuit has the advantage that very little 
r.f. voltage appears across the load resistor, RI, 

Fig. 704 — Grid-leak detector cireuits, A, triode; 13, pen-
tode. A tetrode may he used in the circuit of B by 
neglecting the Slippressor-grid cuunectiOn. Transformer 
coupling may be substituted for resistance coupling in 
A, or a high-inductance choke may replace the plate 
resistor in 11. LiCi k a circuit tuned to the signal fre-
quency. The grid leak. RI, may he connected directly 
from grid to cathode instead of across the grid condenser 
as shown. The operation with either connection will be 
the same. Representative values for components arc: 

Circuit .4 Componm t Ci rrei t Ii 
Ca 
C3 

C4 
CS 
RI 
R2 
R3 

R4 

100 to 250 ppfd. 
0.001 to 0.002 pfd. 
0.1 pfd. 

1 to 2 iitogolous. 
50,000 0113105. 

Audio transformer. 

100 to 230 mm fii 
250 to 500 ppfd. 
0.1 dd. 
0.5 dd. or larger . 
I to 5 megolon, 
100.000 to 211.000 
50.000 °lone. 
20,000 

S00-henry choke.. 

The plate voltage in A should be about 50 volts for 
best sensitivity. lu It, the screen voltage should be 
about 30 volt; and the plate voltage from 100 to 2.51.1. 
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mate r.f. in the output circuit. C4 is the output 
coupling condenser. With a triode, the load 
resistor, R2, may be replaced by an audio 
transformer, T, in which case C4 is not used. 

Since audio amplification is added to recti-
fication, the grid-leak detector has consider-
ably greater sensitivity than the diode. The 
sensitivity can be further increased by using 
a screen-grid tube instead of a triode, as at 
704-B. The operation is equivalent to that 
of the triode circuit. The screen by-pass con-
denser, C5, should have low reactance (§ 2-8, 
2-13) for both radio and audio frequencies. 113 
and R4 constitute a voltage divider (§ SAO) 
from the plate supply to furnish the proper 
d.c. voltage to the screen. In both circuits, C2 
must have low r.f. reactance and high of. 
reactance compared to the resistance of R1; 
the same applies to C3 with respect to 112. 
Because of the high plate resistance of the 

screen-grid tube ( § 3-5), transformer coupling 
from the plate circuit of a screen-grid detector 
is not satisfactory. An impedance (L in Fig. 
704-li) can be used in place of a resistor, with a 
gain in sensitivity because a high value of load 
impedance can be developed with little loss of 
plate voltage as compared to the voltage drop 
through a resistor. The coupling coil, L2, for a 
screen-grid detector should have an inductance 
of the order of 300 to 500 henrys. 
The sensitivity of the grid-leak detector is 

higher than that of any other type. Like the 
diode, it '' loads" the tuned circuit and reduces 
its selectivity. The linearity is rather poor, and 
the signal-handling capability is limited. 

Plate detectors— The plate detector is 
arranged so that rectification of the r.f. signal 
takes place in the plate circuit of the tube, 
as contrasted to the grid rectification just de-
scribed. Sufficient negative bias is applied to 
the grid to bring the plate current nearly to the 
cut-off point, so that the iipplication of a signal 
to the grid circuit causes an increase in average 
plate current. The average plate current fol-
lows the changes in signal amplitude in a 
fashion similar to the rectified current in a 
diode detector. 

Circuits for triodes and pentodes are given 
in Fig. 705. C3 is the plate by-pass condenser, 
R1 is the cathode resistor which provides the 
'operating grid bias (§ 3-6), and C2 is a by-pass 
for both radio and audio frequencies across R1 
(§ 2-13). R3 is the plate load resistance (§ 3-3), 
across which a voltage appears as a result of 
the rectifying action described above. C4 is the 
output coupling condenser. In the pentode 
circuit at B, R3 and 114 form a voltage divider, 
to supply the proper potential (about 30 volts) 
to the screen, and C5 is a by-pass condenser 
between screen and cathode. C5 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 even of a 
triode is very high when the bias is set near the 
plate-current cut-off point (§ 3-2, 3-3).. 1m-

(A) *6 

Fig. 705 — Circuits for plate detection. A, triode; B. 
pentode. The input eiressit, LiCi, is tuned to the signal 
frequency. Typical values for the other constants are: 

Component Circuit el Circuit B 

C2 0.5 JAL or larger. 
C3 0.001 lo 0.002 ,,Id. 
C4 0.1 el. 
Ci 
114 25.000 to 150,000 oboe. 
112 50,000 to 100,000 obine. 
113 

114 

0.5 pfd. or larger. 
250 to 500 odd. 
0./ pfil. 
0.5 pfd. or larger. 
10.000 to 20,000 iihnig. 
/00.000 to 250,000 oltuo4. 
50.000 ohms. 
20,000 ohms. 

Plate voltages from 100 to 250 volts may be used. 
Effective screen voltage in B slzould he about 30 voile. 

pedance coupling may be used in place of the 
resistance coupling shown in Fig. 705. The 
same order of inductance is required as with the 
screen-grid detector described previously. 
The plate detector is more sensitive than 

the diode since there is some amplifying action 
in the tube, but less so than the grid-leak de-
tector. It will handle considerably larger sig-
nals than the grid-leak detector, but is not 
quite 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 selectivity (§ 2-10). 

Infinite-impedance detector— The circuit 
of Fig. 706 combines the high signal-handling 
capabilities of the diode detector with low 
distortion (good linearity), and, like the plate 
detector, does not load the tuned circuit to 
which it is connected. 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 feed-back 
for the audio frequencies. The cathode resistor 
is by-passed for r.f. ( C1) but not for audio 
(§ 2-13), while the plate circuit is by-passed 
to ground for both audio and radio frequencies. 
R2 forms, with C3, an RC filter (§ 2-11) to iso-
late the plate from the " B" supply at a.f. 
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 
similarly increases with signal, because of the 



146 ett apter even 

increased plate current. Because of this and 
the fact that the initial drop across R1 is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 

.---! 
RF. rnpist 9 

-8 *e 

big. 706 — The infinity-impedance linear detector. 
The input circuit, 1,2 C1, is tuned to the signal fre-
quency. T>pical values for the other constants are: 

C2 — 250 pp rd. R: — 0.15 megolint. 
Ca — 11.5 pfd. R2 — 25,000 ohms. 
( -- 0.1 µrd. Rs 0.25.inegolim volume control. 
A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 

(1 7-4 Regenerative Detectors 

Circuits— By providing controllable r.f. 
feed-back or regeneration (§ 3-3) 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 hence increases the selectivity 
(§ 2-10) by virtue of the fact that the maxi-
mum regenerative amplification takes place 
only at the frequency to which the circuit is 
tuned. The grid-leak type of detector is most 
suitable for the purpose. Except for the re-
generative connection, the circuit values are 
identical with those previously described for 
this type of detector, and the same considera-
tions apply. 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 
(§ 3-7) and the critical point in turn depends 
upon circuit conditions, which may vary with 
the frequency to which the detector is tuned. 

Fig. 707 shows the circuits of regenerative 
detectors of various types. The circuit of A 
is for a triode tube, with a variable by-pass 
condenser, C3, in the plate circuit to control 
regeneration. When the capacity is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance (§ 2-S) becomes 
smaller until a critical value is reached where 
there is sufficient feed-back to cause oscillation. 
If L2 and 1.3 are wound end-to-end in the same 
direction, the plate connection is to the out-
side of the plate or " tickler" coil, L3, when the 
grid connection is to the outside of L2. 
The circuit of B is for a screen-grid tube, re-

generation being controlled by adjustment of 
the screen-grid voltage. The tickler, L3, is in 
the plate circuit. The portion of the control 
resistor between the rotating contact and 
ground is by-passed by a large condenser 
(0.5 dd. or more) to filter out scratching noise 
when the arm is rotated (§ 2-11). The feed-

back is adjusted by varying the number of 
turns on L3 or the coupling (§ 2-11) between L2 
and L3, until the tube just goes into oscillation 
at a screen voltage of approximately 30 volts. 

Circuit C is identical with B in principle of 
operation, except that the oscillating circuit is 
of the Hartley type (§ 3-7). Since the screen 
and plate are in parallel for r.f. in this circuit, 
only a small amount of " tickler" — that is, 
relatively few turns between the cathode tap 
and ground — is required for oscillation. 
Adjustment for smooth regeneration — 

The ideal regeneration control would permit 
the detector to go into and out of oscillation 
smoothly, would have no effect on the fre-
quency of oscillation, and would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice, the 
effects of loading, particularly' the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is affected by the 
frequency to which the grid circuit is tuned. 

in all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range at the plate (and screen, if a 
pentode) voltage which gives maximum sen-
sitivity. Should the tube break into oscillation 
suddenly as the regeneration control is ad-
vanced, making a click, the operation often can 
he made smoother by changing the grid-
leak resistance to a higher or lower value. The 
wrong grid leak plus too-high plate and screen 
voltage are the most frequent causes of lack 
of smoothness in going into oscillation. 
Antenna coupling — lf the detector is 

coupled to an antenna, slight changes in the 
antenna constants (as when the wire swings in 
a breeze) affect the frequency of the oscilla-
tions generated, and thereby the beat fre-
quency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feed-back required or the 
higher will be the voltage necessary to make 
the detector oscillate. The antenna coupling 
should be the maximum that will allow the 
detector to go into oscillation smoothly with 
the correct voltages on the tube. If capacity 
coupling (§ 2-11) to the grid end of the coil is 
used, only a very small amount of capacity 
will be needed to couple to the antenna. 
Increasing the capacity increases the coupling. 
At frequencies where the antenna system is 

resonant the absorption of energy from the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme cases it may not be possible 
to make the detector oscillate with normal 
voltages, causing so-called " dead spots." The 
remedy for this is to loosen the antenna cou-
pling to the point which permits normal oscilla-
tion and smooth regeneration control. 
Body capacity— A regenerative detector 

occasionally shows a tendency to change Ire-
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quency slightly as the hand is moved near the 
dial. This condition (body capacity) can be 
caused by poor design of the receiver, or by 
the antenna if the detector is coupled directly 
to it. If body capacity is present when the 
antenna is disconnected, it can be eliminated 
by better shielding, and sometimes by r.f. 
filtering of the 'phone leads. Body capacity 
which is present only when the antenna is 
connected is caused by resonance effects in 
the antenna, which tend to cause a portion of a 
standing wave (§ 2-12) of r.f. voltage to 
appear on the ground lead and thus raise the 
whole detector circuit above ground potential. 
A good, short ground connection should be 
made to the receiver and the length of the 
antenna varied electrically ( by adding a small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the antenna circuit also will help. 
Hum — hum at the power-supply frequency 

may be present in a regenerative detector, es-
pecially when it is used in an oscillating condi-
tion for c.w. reception, even though the plate 
supply itself is free from ripple (§ 8-4). The 
hum may result. from the use of a.c. on the tube 
heater, but effects of this type normally are 
troublesome only when the circuit of Fig. 707-C 
is used, and then only at 14 Mc. and higher fre-
quencies. Connecting one side of the heater 
supply to ground, or grounding the center-tap 
of the heater transformer winding, is good 
practice to reduce hum, and the heater wiring 
should be kept as far as possible from the r.f. 
circuits. 
House wiring, if of the " open" type, will 

have a rather extensive electrostatic field 
which may cause hum if the detector tube, 
grid lead, and grid condenser and leak are not 
electrostatically shielded. This type of hum 
is easily recognizable because of its rather high 
pitch, a result of harmonies (§ 2-7) in the 
power-supply system. The hum is caused by a 
species of grid modulation (§ 5-4). 
Antenna resonance effects frequently cause 

a hum of the same nature as that just de-
scribed which is most intense at the various 
resonance points, and hence varies with tuning. 
For this reason it is called tunable Imm. It is 
prone to occur with a rectified a.c. plate supply 
(§ 8-1) when a standing wave effect of the 
type described in the preceding paragraph 
occurs, and is associated with the non-linear-
ity of the rectifier tube in the plate supply. 
Elimination of antenna resonance effects as 
described and by-passing the rectifier plates to 
cathode (using by-pass condensers of the order 
of 0.001 pfd.) usually will cure it. 
Tuning — For c.w. reception, the regenera-

tion control is advanced until the detector 
breaks into a " hiss," which indicates that the 
detector is oscillating. Further advancing the 
regeneration control after the detector starts 
oscillating will result in a slight decrease in 
the strength of the hiss, indicating that the 
sensitivity of the detector is decreasing. 

The proper adjustment, of the regeneration 
control for best reception of c.w. signals is 
where the detector just starts to oscillate, when 
it will be found that c.w. signals can be tuned 
in and will give a tone with each signal depend-
ing 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 gri 
down through " zero beat" (the region where the 
frequencies of the incoming signal mind the os-
cillating detector are so nearly alike that the 
difference or beat is less than the lowest audible 
tone) and rise again on the other side, finally 
disappearing at a very high pitch. This behavior 
is shown in Fig. 708. It will be found that a 
low-pitched beat-note cannot be obtained from 
a strong signal because the detector " pulls in" 
or " blocks"; that is, the signal tends to control 
the detector in such a way that the latter os-
cillates at the signal frequency, despite the 
fact that the circuit may not be tuned exactly 
to resonance. This phenomenon, commonly 
observed when an oscillator is coupled to a 
source of a.r., voltage of approximately the 
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Fig. 707 — Triode and pentode regenerative detector 
circuits. The input circuit, LaCi, is tuned to the signal 
frequency. The grid condenser, C2, should have a value 
of about 100 ppfd. in all circuits; the grid leak, RI, 
may range in value from 1 to 5 megohms. The tickler coil, 
L3, ordinarily will have from 10 to 25 per cent of the 
number of turns on L2; in C. the cathode tap is abou t 10 
per cent of the number of turns on L2 above ground. 
Regeneration control condenser C3 in A should have a 
maximum capacity of 100 ,dd. or more; bypass con-
densers C3 in B and C are likewise 100 mph!. ordi-
narily 1 pfd. or more; R2, a 50,000-0.im potentiometer; 
R3, 50,000 to 100.000 ohms. L4 in B (L3 in C) is n 500. 
henry inductance, Cs is 0.1 pfd. in both circuits. T1 in A 
is a conventional audio transformer for coupling from 
the plate of a tube to a following grid. RFC is 2.5 mh. 
In A, the plate voltage should be about 50 volts for 
beet sensitivity. Pentode circuits require about 30 volts 
on the screen; plate voltage may be 100 to 250 volts. 
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Fig. 708 — As the tuning dial of a receiver is turned 
past a cas. the heat-note varies Irons a high t..l'e 
down through "zero heat" (no audible frequency differ-
ence) and back up to a high tone, as shown at A, 13 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 iii,sitations of the audio system. 

frequency at which the oscillator is operating, 
is called " locking-in"; the more stable of the 
two frequencies assumes control over the other: 
" Blocking" usually can be corrected by ad-
vancing the regeneration control until the 
beat- note occurs again. If the regenerative 
detector is preceded by an r. f. amplifier stage, 
the blocking can be eliminated by reducing the 
gain of the r.f. stage. If the detector is coupled 
to an antenna, the blocking condition can be 
eliminated by advancing the regeneration 
control or loosening the antenna coupling. 

'rho point just after the receiver starts oscil-
lating is the most sensitive condition for c.w. 
reception. Further advancing the regenera-
tion control makes the receiver less prone to 
lilockilig by strong signals, but also less capable 
of receiving weak signals. 

If the receiver is in the oscillating condition 
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. 
Snperregen era t ion —  The limit to which 

ordinary regenerative amplification can be 
carried is the point at which oscillations com-
mence, since at that point further amplification 
ceases. The s perregenerative detector over-
comes this limitation by introducing into the 
detector circuit an alternating voltage of a 
frequency somewhat above the audible range 
(of the order of 20 to 200 kilocycles), in such a 
way as to vary the detector's operating point 
(§ 3-3). As a consequence of the introduction of 
this quench or interruption frequency, the de-
tector can oscillate only when the varying 
operating point is in a region suitable for the 
production of oscillations. Because the os-
cillations are constantly being interrupted, the 
regeneration can be greatly increased, and the 
amplified signal will build up to tremendous 
proportions. A one-tube superregenerative de-

lector is capable of an inherent sensitivity ap-
proaching the thermal-agitation noise level 
of the tuned circuit, and may have an antenna 
input sensitivity of two microvolts or better. 

Because of its inherent characteristics, the 
superregenerative circuit is suitable only for 
the reception of modulated signals, and op-
erates best on the very-high frequencies. Typi-
cal superregenerative circuits for the very-
high frequencies are shown in Fig. 709. 
The basic regenerative detector circuit is 

the ultrriudion oscillator (§ 3-7). In Fig. 709-A 
the quench frequency is obtained from a sep-
arate oscillator and introduced into the plate 
circuit of the detector. The quench oscillator. 
operating at a low radio frequency, alternately 
allows oscillations to build up in the regener-
ative circuit and then causes them to die out. 
In the absence of a signal, the thermal agita-
tion noise in the input circuit produces the 
voltage that initiates the build-up process. 
However, when an incoming signal provides 
the initiating pulse, it has the effect of advanc-
ing the starting time_ of the oscillations. This 
causes the area within the envelope to increase, 
as indicated in Fig. 71042. 

If regeneration in an ordinary regenerative 
circuit is carried sufficiently far, the circuit will 
break into a low-frequency oscillation simul-
taneously with that at the operating radio fre-
quency. This low-frequency oscillation has 
much the saine quenclting effect as that from a 
separate oscillator, hence a circuit so operated 
is called a self-quenching superregencrative de-
tector. The frequency of the quench oscillation 
depends upon the feed-back and upon the 
time constant of the grid leak and condenser, 
the oscillation being a "blocking" or "squeg-
ging" in which the grid accumulates a strong 
negative charge which does not leak off rapidly 
enough through the grid leak to prevent a rela-
tively slow variation of the operating point. 

Fig. 709 — (A) Superregencrative detector circuit using 
a separate quench oscillatur. Self-iii,encliell super-
regenerative detector circuit. /.2ei is tuned to the signal 
frequency. Typical V altu, for other components are: 
C2 — 50 add. E4 —50.000 ohms. 
C3 — 500 iimfd. CS — 0.1 dd. Tt — Audio transformer, 

plate.to-grid type. 
Cs — 0.001-0.005 pfd.- RFC — 11.f. choke, value de. 
Rs — 2-10 megoluns. pending upon frcqueti-
112 — 50,000 ohms. ce. Small low-capacity 
113 — 50,000.olitti poten- chokes are required for 

tiometer. y.h.f. operation. 
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Fig. -10 - 1i.f. oscillation envelopes in a self-quenched 
Superregenerative detector. Without signal (A at left) 
oscillations arc completely quenched after each period, 
resuming in random phase depending on momentary 
noise voltages. At right, when the initiating pulses are 
supplied by a received signal the starting tinte of the 
oscillations is advanced causing the build .up period to 
begin before damping is complete. This advance is pro-
portional to die carrier amplitude when modulated ( B). 
Since the building-up period varies in accordance with 
modulation (C), when these wave trains are rectified the 
average rectified current is proportional to the amplitude 
of the signal. Amplitude modulation is therefore re-
produced as an audio wave in the output circuit (D). 

The greater the difference between the 
quenching and signal frequencies the greater 
the amplification, because the signal then has 
a longer period in which to build up during the 
nonquenching half-cycle when the resistance 
of the circuit is negative. This ratio should not 
exceed a certain limit, however, for during the 
quenched or nonregenerative intervals the in-
put selectivity is merely that of the Q of the 
tuned circuit alone. The optimum quench fre-
quency is in the neighborhood of 150 kc. for 
the 60-Mc. band and 250 kc. for 112 Mc. 
The superredenerative detector has rela-

tively little selectivity as compared to a regular 
regenerative detector, but discriminates against 
noise such as ignition interference. It also has 
marked a.v.c. action, strong signals being 
amplified much less than weak signals. 
Adjustm rt, t of superregenerative detec-

tors— Because of the greater amplification, 
the hiss noise when a superregenerative detec-
tor goes into oscillation is much stronger than 
with the ordinary regenerative detector. The 
most sensitive condition is at the point where 
the hiss first becomes marked. When a signal is 
tuned in, the hiss will disappear to a degree 
which depends upon the signal strength. 
Lack of hiss indicates insufficient feed-back 

at the signal frequency, or inadequate quench 
voltage. Antenna loading effects will cause 
dead spots which are similar to those in regen-
erative detectors and can be overcome by the 
same methods. The self-quenching detector 
may require critical adjustment of the grid 
leak and grid condenser values for smooth 
operation, since these determine the frequency 
and amplitude of the quench voltage. 

-6 +6 
(C) 

-B +0 
(D) 

(I. 7-5 Audio-Frequency Amplifiers 
General— The ordinary detector does not 

produce very much audio-frequency power 
output — Usually not enough to give satisfac-
tory sound volume, even in headphone recep-
tion. Consequently, audio-frequency amplifiers 
are used after the detector to increase the 
power level. One amplifier usually is sufficient 
for headphones, but two stages generally are 
used where the receiver is to operate a loud-
speaker. A few milliwatts of a.f. power is suf-
ficient for headphones, but a loudspeaker re-
quires a watt or more for good room volume. 

In all except. battery-operated receivers, the 
negative grid bias of audio amplifiers usually is 
secured from the voltage drop in a cathode re-
sistor (§ 3-6). The cathode resistor must be by-
passed by a condenser having low reactance at 
the lowest audio frequency to be amplified, 
compared to the resistance of the cathode re-
sistor ( 10 per cent or less) (§ 2-8, 2-13). In 
battery-operated receivers, a separate grid-
bias battery generally is used. 
Headset and voltage arnplfiers— The 

circuits shown in Fig. 711 are typical of those 
used for voltage amplification and for provid-
ing sufficient power for operation of head-
phones (§ 3-3). Triodes usually are preferred 
to pentodes because they are better suited to 
working into an audio transformer or headset, 
the input impedances of which are of the order 
of 20,000 ohms. 

In these circuits, R2 is the cathode bias re-
sistor and C1 the cathode by-pass condenser. 
The grid resistor, R1, gives volume control 
action (§ 5-9). Its value ordinarily is from 0.25 
to 1 megohm. Cy is the input coupling con-
denser, already discussed under detectors; it 
is, in fact, identical to C4 in Figs. 704 and 705, 
if the amplifier is coupled to a detector. 
Power amplifiers— A popular type of 

power amplifier is the single pentode, operated 
Class A or AB; the circuit diagram is given in 
Fig. 711-A. The grid resistor, RI, may be a 
potentiometer for volume control, as shown at 

otiatut 

R3 

•6 

Fig. 711 — Audio amplifier circuits nsed for voltage 
amplification and to provide power for headphone out-
put. The tubes are operated as Class-A amplifiers (1 3-4). 
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R1 in Fig. 711. The output transformer, T, 
should have a turns ratio (§ 2-9) suitable for 
the loudspeaker used; many of the small loud-
speakers now available are furnished complete 
with output transformer. 
When greater volume is needed, a pair of 

pentodes or tetrodes may be connected in 
push-pull (§ 3-3), as shown in Fig. 712-B. 
Transformer coupling to the voltage-amplifier 
stage is the simplest method of obtaining push-
pull input for the amplifier grids. The inter-
stage transformer, 7'1, has a center-tapped 
secondary with a secondary-to-primary turns 
ratio of about 2 to 1. An output transformer, 
T2, with a center-tapped primary must be used. 
No by-pass condenser is needed across the 
cathode resistor, R, since the a.f. current does 
not flow through the resistor as it does in 
single-tube circuits (§ 3-3). 
Tone control — A tone control is a 

device for changing the frequency response 
(§ 3-3) of an audio amplifier; usually it is 
simply a method for reducing high-frequency 
response. This is helpful in reducing hissing and 
crackling noises without disturbing the intel-
ligibility of the signal. R4 and C4, in Fig. 
711-D, together form an effective tone control 
of this type. The maximum effect is secured 
when the resistance of R4 is entirely out of the 
circuit, leaving C4 connected directly between 
grid and ground. R4 should be large compared 
to the reactance of C4 (§ 2-8) so that when its 
resistance is all in circuit the effect of C4 on the 
frequency response is negligible. 
Headplionesand loudspeakers—Two types 

of headphones are in general use, the magnetic 
and crystol types. They are shown in cross-
section in Fig. 713. In the magnetic type the 
signal is applied to a coil or pair of coils having 
a great many turns of fine wire wound on a 
permanent magnet. ( Headphones having one 
coil are known as the " single-pole" type, 
while those having two coils, as shown in 
Fig. 713, are called " double-pole.") A thin 
circular diaphragm of iron is placed close to 

blpfe 

•• 

(B) 

Fig. 712 — Power-output audio amplifier circuits. Ei• 
tiler Class A or AB amplification (§ 3-4) may be used. 

Spercezbe 

the open ends of the magnet. It is tightly 
clamped by the earpiece assembly around its 
circumference, and the center is drawn toward 
the permanent magnet under some tension. 
When an alternating current flows through the 
windings the field set up by the current alter-
nately aids and opposes the steady field of the 
permanent magnet, so that the diaphragm 
alternately is drawn nearer to and allowed to 
spring farther away from the magnet. Its 
motion sets the air into corresponding vibra-
tion. Although the d.c. resistance of the coils 
may be of the order of 2000 ohms, the a.e. 
impedance of a magnetic type headset will be 
of the order of 20,000 ohms at 1000 cycles. 

In the crystal headphone, two piezoelectric 
crystals (§ 2-10) of Rochelle salts are cemented 
together in such a way that the pair tends to 
be bent in one direction when a voltage of a 
certain polarity is applied and to bend in the 
other direction when the polarity is reversed. 
The crystal unit is rigidly mounted to the ear-
piece, with the free end coupled to a diaphragm. 
When an alternating voltage is applied, the 
alternate bending as the polarity of the applied 
voltage reverses makes the diaphragm vibrate 
back and forth. The impedance is several times 
that of the magnetic type. 

Magnetic-type headsets tend to give maxi-
mum response at frequencies of the order of 
500 to 1000 cycles, with a considerable reduc-
tion of response (for constant applied voltage) 
at frequencies both above and below this 
region. The crystal type has a " flatter" fre-
quency-response curve, and is particularly 
good at reproducing the higher audio fre-
quencies. The peaked response curve of the 
magnetic type is advantageous in code recep-
tion, since it tends to reduce interference from 
signals having beat tones lying outside the 
region of maximum response, while the crystal 
type is better for the reception of voice and 
music. Magnetic headsets can be used in cir-
cuits in which d.c. is flowing, such as the plate 
circuit of a vacuum tube, providing the current 
is not too large to be carried safely by the wire 
in the coils; the limit is a few milliamperes. 
Crystal headsets must be used only on a.c. 
(since a steady d.c. voltage will damage the 
crystal unit), and consequently must be coupled 
to the tube through a device, such as a con-
denser, which isolates the d.c. voltage but 
permits the passage of an alternating current. 
The most common type of loudspeaker is the 

dynamic type, shown in cross-section in Fig. 
713. The signal is applied to a small coil (the 
voice coil) which is free to move in the gap 
between the ends of a magnet. The magnet 
is made in the form of a cylindrical coil 
slightly smaller than the form on which the 
voice coil is wound, with the Magnetic circuit 
completed through a pole piece which fits 
around the outside of the voice coil leaving 
just enough clearance for free movement of the 
coil. The path of the flux through the magnet is 
as shown by the dotted lines in the figure. 
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Fig. 713 — Headphone end loudspeaker construction. 

The voice coil is supported so that it is free to 
move along its axis but not in other directions, 
and is fastened to a fiber or paper conical 
diaphragm. When current is sent through the 
coil it moves in a direction determined by the 
polarity of the current (§ 2-5), and thus moves 
back and forth when an alternating voltage is 
applied. The motion is transmitted by the 
diaphragm to the air, setting up sound waves. 
The type of speaker shown in Fig. 713 ob-

tains its fixed magnetic field by electromagnetic 
means, direct current being sent through the 
field coil for this purpose. Other types use 
permanent magnets to replace the electro-
magnet, and hence do not require a source of 
d.c. power. The voice coils of dynamic speakers 
have few turne and therefore low impedance, 
values of 3 to 15 ohms being representative. 

7-6 Radio-Frequency Amplifiers 

Circuits — Although there may be varia-
tions in detail, practically all r.f. amplifiers 
conform to the basic circuit shown in Fig. 714. 
A screen-grid tube, usually a pentode, is used, 
since a triode Will oscillate when its grid and 
plate circuits are tuned to the same frequency 
(§ 3-5). The amplifier operates Class A, without 
grid current (§ 3-4). The tuned grid circuit, 
W I, is coupled through L2 to the antenna (or, 
in some cases, to a preceding stage). R1 and Cg 
are the cathode bias resistor and by-pass con-
denser, C3 is the screen by-pass condenser, and 
R2 is the screen dropping resistor. L3 is the 
primary of the output transformer (§ 2-11), 
tightly coupled to L4, which, with Cg, consti-
tutes the tuned circuit feeding the detector or 
following amplifier. The input and output cir-
cuits, W I and L4C5, are both tuned to the 
signal frequency. 
Shielding — The screen-grid construction of 

the amplifier tube prevents feed-back (§ 3-3) 
from plate to grid inside the tube, but in addi-

tion it is necessary to prevent transfer of en-
ergy from the plate circuit to the grid circuit 
external to the tube. This is accomplished by 
enclosing the coils in grounded shielding con-
tainers and by keeping the plate and grid leads 
well separated. With " single-ended" tubes, 
care in laying out the wiring to obtain the 
maximum possible physical separation between 
plate and grid Wads is neeessary to prevent 
capacity coupling. 
The shield around a coil will reduce the in-

ductance and Q of the coil (§ 2-11) to an extent 
which depends upon the shielding material 
and the distance it is placed from the coil. 
Adjustments therefore must be made with the 
shield in place. 
By-passing — In addition to shielding, good 

by-passing (§ 2-13) is imperative. This is not 
simply a matter of choosing the proper type 
and capacity of by-pass condenser. Short 
separate leads from C3 and C4 to cathode or 
ground are a prime necessity. At the higher 
radio frequencies even an inch of wire will 
have enough inductance to provide feed-back 
coupling, and hence cause oscillation, if the wire 
happens to be common to both the plate and 
grid circuits. 
Cain control — The gain of an r.f. amplifier 

usually is varied by varying the grid bias. This 
method works best with variable-ii type tubes 
(§ 3-5), hence this type usually is found in r.f. 
amplifiers. In Fig. 714, R3 and R4 comprise the 
gain-control circuit. R3 is the control resistor 
(§ 3-6) and R4 a dropping resistor of such value 
as to make the voltage across the outside 
terminals of R3 about 30 volts (§ S-10). The 
gain is maximum with the variable arm on R3 
all the way to the left (grounded), and minimum 
at the right. R3 could simply be placed in 
series with RI, omitting R4 entirely, but the 
range of control with this connection is limited 
because it depends on the cathode current alone. 

In a multi-tube receiver the gain of several 
stages may be varied simultaneously, a single 
control sufficing for all. The lower ends of the 
several cathode resistors (R1) are then con-
nected together and to the movable contact 
on R3 in Fig. 714. 

Circuit values — The value of the cathode 
resistor, E, should be calculated fur the 
minimum recommended bias for the tube used. 
The capacities of C2, C3 and C4 must be such 
that the reactance is low at radio frequencies; 
this condition is easily met by using 0.01-µfd. 
condensers at communication frequencies. or 
0.001 to 0.002 mica units at very-high fre-

116 

Fig. 714 — Basic circuit of a tuned ratlio.frequene› 
amplifier. Component values are discussed in the text. 
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quencies up to 112 Me. R2 is found by taking 
the difference between the recommended plate 
and screen voltages, then substituting this and 
the rated screen current in Ohm's Law (§ 2-6). 
R3 must be selected on the basis of the number 
of tubes to be controlled; a resistor must be 
chosen which is capable of carrying, at its low-
resistance end, the sum of all the tube currents 
plus the bleeder current. A resistor of suitable 
current-carrying capacity being found, the 
bleeder current necessary to produce a drop 
through it of about 50 volts can be calculated 
by Ohm's Law. The same formula will give 
R4, using the plate voltage less 50 volts for E 
and the bleeder current previously found for I. 
The constants of the tuned circuits will de-

pend upon the frequency range, or band, to be 
covered. A fairly high L C ratio (§ 2-10) 
should be used on each band; this is limited, 
however, by the irreducible minimum capaci-
ties. To an allowance of 10 tee 20 add. for tube 
and stray capacities should be added the 
minimum capacity of the tuning condenser. 

If the input circuit of the amplifier is con-
nected to an antenna, the coupling coil, L2, 
should be adjusted to provide critical coupling 
(§ 2-11) between the antenna and grid circuit. 
This will give maximum energy transfer. The 
turns ratio of LI /L2 will depend upon the fre-
quency, the type of tube used, the Q of the 
tuned circuit and the constants of the antenna 
system, and in general is best determined ex-
periment ally. The selectivity will increase as 
the coupling is reduced below this " optimum" 
value, a consideration which it is well to keep 
in mind if selectivity is of more importance 
than maximum gain. 
The output-circuit coupling depends upon 

the plate resistance (§ 3-2) of the tube, the 
input resistance of the succeeding stage, and 
the Q of the tuned circuit, L.A. L3 usually is 
coupled as closely as possible to L4 (avoiding 
the necessity for an additional tuning con-
denser across L3) and the energy transfer is 
maximum when L3 has 3 to as many turns 
as 1.4, with ordinary receiving pentodes. 
Tube and circuit noise — In any conductor 

electrons will be moving in random directions 
simultaneously and, as a result, small irregular 
voltages are developed across the conductor 
terminals. The voltage is larger the greater the 
resistance of the conductor and the higher its 
temperature. This is known as the thermal-
agitation effect, and it produces a hiss-like 
noise voltage distributed uniformly throughout 
the radio-frequency spectrum. The thermal-
agitation noise voltage appearing across the 
terminals of a tuned circuit will be the same as 
in a resistor of a value equal to the parallel 
impedance (§ 2-10) of the tuned circuit, even 
though the actual circuit resistance is low. 
Hence, the higher the Q of the circuit, the 
greater the thermal agitation noise. 

Another component of hiss noise is devel-
oped in the tube because the rain of electrons 
on the plate is not entirely uniform. Small ir-

regularities caused by gas in the tube also 
contribute to the effect. Tube noise varies with 
the type of tube; in general, the higher the 
cathode current and the lower the mutual con-
ductance of the tube, the more internal noise 
it will generate. 
To obtain the best signal-to-noise ratio, the 

signal must be made as large as possible at the 
grid of the tube, which means that the antenna 
coupling must be adjusted to that end and 
also that the Q of the grid tuned circuit must 
be high. A tube with low inherent noise obvi-
ously should be chosen. In an amplifier having 
good signal-to-noise ratio, the thermal-agita-
tion noise will be greater than the tube noise. 
This can easily be checked by disconnecting 
the antenna so that no outside noise is being 
introduced into the receiver, then grounding 
the grid through a 0.01-pfd. condenser and ob-
serving whether there is a decrease in noise. If 
there is no change the tube noise is greatly 
predominant, indicating a poor signal-to-
noise ratio in the stage. The test is valid only 
if there is no regeneration in the amplifier. 
The signal-to-noise ratio will decrease as the 
frequency is raised, because it becomes in-
creasingly difficult to obtain a tuned circuit of 
high effective Q (§ 7-7). 
The first stage of the receiver is the impor-

tant one from the standpoint of signal-to-noise 
ratio. Noise generated in the second and sub-
sequent. stages, while comparable in magnitude 
to that generated in the first, is masked by the 
amplified noise and signal from the first stage. 
After the second stage, further contributions 
by tubes and circuits to the total noise are in-
consequential in any normal receiver. 
Tube input resistance — At high radio fre-• 

quencies the tube may consume power from the 
tuned grid circuit, even though the grid is not 
driven positive by the signal. Above 7 Mc. all 
tubes " load" the tuned circuit to some extent, 
the amount of loading varying with the type of 
tube. This effect comes about because of the 
transit time necessary for electrons to travel 
from the cathode to the grid becomes com-
parable to the time of one r.f. cycle, and be-
cause of the degenerative effect (§ 3-3) of the 
cathode lead inductance. It becomes more pro-
nounced as the frequency is increased. Certain 
types of tubes may have an input resistance of 
only a few thousand ohms at 28 Me. and as 
little as a few hundred ohms at very-high 
frequencies. The input resistance of the same 
tubes at 7 Me. and lower frequencies may be 
so high as to be considered infinite. 

This input-loading effect is in addition to 
the normal decrease in the Q of the tuned cir-
cuit alone, because of increased losses in the coil 
and condenser at the higher frequencies. Thus 
the selectivity and gain of the circuit both are 
affected adversely by increasing frequency. 
Comparison of tubes — At 7 Me. and lower 

frequencies, the signal-to-noise ratio, gain, and 
selectivity of an r.f.-amplifier stage are suffi-
ciently high with any of the standard receiving 
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tubes. At 14 Mc. and higher, however, this is 
no longer true, and the choice of a tube must 
be based on several conflicting considerations. 
Gain is highest with high mutual-conduct-

ance pentodes, the 6AB7 and 6AG7 being ex-
amples of this type. These tubes also develop 
less noise than any of the others. The input-
loading effect is greatest with them, however, 
so that selectivity is decreased and the tuned-
circuit gain is lowered. 

Pentodes. such as the 6H7, 6.17 and corm-
spending types in glass, have lesser input-
loading effects at high frequencies, moderate 
gain, and relatively high inherent noise. 
"Acorn" and equivalent miniature pentodes 

are excellent from the input-loading standpoint; 
gain is about the sanie as with standard types, 
and the inherent noise is somewhat lower. 
Where selectivity is paramount the acorns 

are best, the standard pentodes second, and the 
6AB7-6AC7 types worst. On signal-to-noise 
ratio the latter tubes are first, acorns are second 
and standard pentodes third. The same order 
of precedence holds for over-all gain. 
At 56 Me. the standard types are usable, 

but acorns are capable of better performance 
because of lesser loading. The 954 and 956 and 
the corresponding types, 9001 and 9003, are 
examples of types satisfactory for r.f. amplifi-
cation at 100 Mc. and higher. 

E 7-7 Tuning and Band-Changing 
Methods 

Band-changing — The resonant circuits 
which are tuned to the frequency of the 
incoming signal constitute a special problem 
in the design of amateur receivers, since the 
amateur frequency assignments consist of 
groups or bands of frequencies at widely 
spaced intervals. The same LC combination 
cannot be used for, say, 14 Mc. to 3.5 Mc., 
because of the impracticable maximum-mini-
mum 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 frequency bands. 
As a matter of convenience the same tuning 
condenser usually is retained, but new coils 
are inserted in the circuit for each band. 
There are two favorite methods of changing 

inductances. One is to use a switch having an 
appropriate number of contacts, which con-
nects the desired coil and disconnects the 
others. The second is to use coils wound on 
forms with contacts (usually pins) which can 
be plugged in and removed from a socket. 
Barulspreading — The tuning range of a 

given coil and variable condenser will depend 
upon the inductance of the coil and the change 
in tuning capacity. For ease of tuning, it is de-
sirable to adjust the tuning range so that prac-
tically the whole dial scale is occupied by the 
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. 715. 

In A, a small band-
spread condenser, et (15 
to 25 add. maximum 
capacity), is used in par-
allel with a condenser, 
C2, which is usually large 
enough ( 140 to 175 pad.) 
to cover a 2-to-1 fre-
quency range. The set-
ting of C2 will determine 
the minimum capacity 
of the circuit, and the 
maximum capacity for 
bandspread tuning will 
be the maximum capac-
ity of C1 plus the setting 
of C2. The inductance of the coil can be ad-
justed so that the maximum-minimum ratio 
will give adequate bandspread. In practicable 
circuits it is almost impossible, because of the 
non-harmonic relation of the various bands, to 
get full bandspread on all bands with the same 
pair of condensers, especially when the coils 
are wound to give continuous frequency cov-
erage on C2, which is variously called the band-
setting or main-tuning condenser. C2 must be 
reset each time the band is changed. 
The method shown at B makes use of con-

densers in series. The tuning condenser, CI, 
may have a maximum capacity of 100 µdd. or 
more. The minimum capacity is determined 
principally by the setting of el, which usually 
has low capacity, and the maximum capacity 
by the setting of C2, which is of the order of 25 
to 50 gpfd. This method is capable of close 
adjustment to practically any desired degree of 
bandspread. Either C2 and C3 must be adjusted 
for each band or separate pre-adjusted con-
densers must be switched in. 
The circuit at C also gives complete spread 

on each band. C1, the bandspread condenser, 
may have any convenient value of capacity; 
50 gpfd. is satisfactory. C2 may be used for con-
tinuous frequency coverage (" general over-
age") and as a band-setting condenser. The 
effective maximum-minimum capacity ratio 
depends upon the capacity of 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 larger capacity. C2 may be 
mounted in the plug-in coil form and pre-set, 
if desired. This requires a separate condenser 
for each band, but eliminates the necessity for 
resetting C2 each time the band is changed. 
Ganged tuning — The tuning condensers 

of the several r.f. circuits may be coupled to-
gether mechanically and operated by a single 
control. However, this operating convenience 
involves more domplicated construction, both 

(A) 

(B) 

(c) 

Fig. 715 — Essentials 
of the three basic baud-
spread tuning systems. 
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electrically and mechanically. It becomes nec-
essary 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 condensers, and circuit 
minimum and maximum capacities are iden-
tical in all " ganged" stages. A small trimmer 
or padding condenser may be connected across 
the coil, so that variations in minimum ca-
pacity can be compensated. The fundamental 
circuit is shown in Fig. 716, where CI is the 
trimmer and Cy the tuning condenser. The use 
of the trimmer necessarily increases the mini-
mum circuit capacity, but it is a necessity for 
satisfactory tracking. Midget condensers hav-
ing maximum capacities of 15 to 30 µµfd. are 
commonly used. 
The same methods are applied to band-

spread circuits which must be tracked. The 
circuits are identical with those of Fig. 715. 
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer 
condenser must be connected across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, however, then C3 in Fig. 715-B, 
and r2 in Fig. 715-C serve as trimmers. 

Fig. 716 — Showing the use 
of a trimmer condenser, to 
set the minimum circuit ca-
pacity in order to obtain truc 
tracking for gang-tuning. 

The col induetanee can be adjusted by 
starting vith a larger munber 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, or to use a single short-circuited turn the 
position of which can be varied with respect to 
the coil. The application of these methods is 
shown in Fig. 717. 

V.h.f. circuits— Interelectrode capacities 
are practically constant for a given tube regard-
less of the operating frequency, and the same 
is approximately true of stray circuit capaci-
ties. Hence, at very-high frequencies these ca-
pacities become an increasingly larger part of 
the usable tuning capacity, and reasonably high 
liC ratios (§ 2-10) are more difficult to secure 
as the frequency is raised. Because of this irre-
ducible minimum capacity, standard types of 
tubes cannot he tuned to frequencies higher 
than about 200 Mc., even when the inductance 
in the circuit is simply that of a straight wire 
between the tube elements. 
Along with these capacity effects, the input 

loading (§ 7-6) increases rapidly at very-high 
frequencies, so that ordinary tuned circuits 
have very low effective Qs when connected to 
the grid circuit of a tube. The effect is still 
further aggravated by the fact that losses in 
the tuned circuit itself are higher, causing a 

(A) (3) 
Fig. 717— Methods of adjusting the inductance for 
ganging. The half turn in A can he moved so that ita 
magnetic field either aids or opposes the field of the coil. 
The shorted loop in B is not connected to the coil, but 
operates by induction. It will have no effect on the coil 
inductance tthen the plane of the loop is parallel to the 
axi of the coil, ami will give maximum reduction of the 
coil inductance when perpendicular to the coil axis. 

still further reduction in Q. For these reasons, 
the frequency limit at which an r.f. amplifier 
will give any gain is in the vicinity of 60 Me. 
with standard tubes. At higher frequencies 
there will be a loss, instead of amplification. 
This condition can be mitigated somewhat by 
taking steps to improve the effective Q the  
circuit, either by tapping the grid down on the 
coil, as shown in Fig. 718-À, or by using a 
lower LIC ratio (§ 2-10). The (2 of the tuned 
circuit alone can be greatly improved.by using 
a linear circuit (§ 2-12), which when properly 
constructed will give Qs much higher than 
those attainable at lower frequencies with 
conventional coils and condensers. The con-
centric type of line, Fig. 718-B, is best both 
from the standpoint of Q and of adaptability 
to nonsymmetrical circuits such as are used 
in receivers. Since the capacity and resistance 
loading effects of the tube are still present, the 
Q of such a circuit will be destroyed if the grid-
cathode circuit of the tube is connected di-
rectly across it. Hence, tapping down on the 
line, as shown, is necessary. 

Very-high-frequency amplifiers employ tubes 
of the acorn or miniature type. which have the 
least loading effect as well as low interelectrode 
capacities. The smaller loading effect means 
higher input resistance, and, for a given loaded 
Q of the tuned circuit, a higher voltage is de-
veloped between the grid and cathode. Thus 
the amplification of the stage is higher and 
the noise level lower. 
A concentric circuit may be tuned by vary-

ing the length of the inner conductor ( usually 
by using close-fitting tubes, one sliding inside 
the other) or by connecting an ordinary tuning 
condenser across the line. Tapping the con-
denser down, as shown in Fig. 718-B, gives 
a bandspread effect, which is advantageous. 
It also helps to keep the Q of the circuit higher 
than it would be with the condenser con-
nected directly across the open end of the line, 
since at very-high frequencies most condensers 
have losses which cannot be neglected. 
Ordinary bakelite-based receiving-type tubes 

will function quite satisfactorily as oscillators 
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and superregenerative detec-
tors at frequencies where r.f. 
amplification is impossible with 
standard tubes (as in the 112-
Mc. band), since tube losses 
are compensated for by energy 
taken from the power supply. 
Ordinary coil and condenser 
circuits are practicable with 
such tubes at 112 Mc. At higher 
frequencies, however, the spe-
cial v.h.f. tubes are essential. 
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Fig. 719 -- Block diagram of the basic elements of the superheterod) tic 

l[f, 7-8 The Superheterodyne 

Principles In the superheterodyne, or 
superhet, receiver the frequency of the incom-
ing signal is changed to a new radio frequency, 
the intermediate frequency (i.f.), then ampli-
fied, and finally detected. The frequency is 
changed by means of the heterodyne process 
(§ 7-1), the output of an adjustable local oscil-
lator (the h. f. oscillator) being combined with 
the incoming signal in u miser or converter stage 
(first detector) to produce a beat frequency 
equal to the intermediate frequency. 

Fig. 719 gives the essentials of the super-
heterodyne in block form. C.w. signals are 
made audible by heterodyning the signal at 
the second detector by the beat-frequency oscil-
lator ( b.f.o.) or beat oscillator, set to differ from 
the i.f, by a suitable audio frequency. 

As a numerical example, assume that an in-
termediate frequency of 455 kc. is chosen and 
that the incoming signal is on 7000 kc. Then 
the h.f. oscillator frequency may be set to 7455 
kc., in order that the beat frequency (7455 
minus 7000) will be 455 Itc. The h.f. oscillator 
also could be set to 6545 kc., which will give the 
same frequency difference. To produce an 
audible c.w. signal of, say, 1000 cycles at the 
second detector, the beat oscillator would be 
set to either 454 kc. or 456 ke. 

Characteristics — The frequency-conver-
sion process permits r.f. amplification at a 
relatively low frequency. Thus high selectivity 
can be obtained, and this selectivity is con-
stant regardless of the signal frequency. Higher 
gain also ie possible at the lower frequency. 
The separate oscillators can be designed for 

Greeter-it 
¿me 

(A) Short-circuited (8) 

Fig. 718 — Circuits of improved Q for very-high fre-
quencies. A, reducing tube loading by tapping down on 
the resonant circuit; B, use of a concentric-line circuit, 
with the tube similarly tapped down. The line should be 
a quarter-wave long, electrically; because of the addi-
tional shunt capacity represented by the tube, the 
physical length will be somewhat less than given by the 
formula (1 10.5). In general, this reduction in length will 
be greater the higher the grid tap on the inner oonductor. 
The coupling turn should be parallel to the axis of the 
line and niust be insulated front the outer conductor. 

stability, and, silica the hf. oscillator is work-
ing at a frequency considerably removed from 
the signal frequency, its stability is practically 
unaffected 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 7455 kc. to 
respond to a 7000-ke. signal, for example, it 
will respond also to a signal on 7910 kc., which 
likewise gives a 455-kc. beat. The undesired 
signal of the two is called the image. 
The radio-frequency circuits of the receiver 

(those used before the frequency is converted 
to the i.f.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re-
duces the response to the image signal. If the 
desired signal and image have equal strengths 
at the input terminals of the receiver, the ratio 
of the receiver voltage output 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-
quency, 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 farther away from the peak of the reso-
nance curve (§ 2-10) of the signal-frequency 
input circuits. 
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 oscillator may beat with 
signals far removed from the desired frequency 
to produce output at the intermediate fre-
quency; such spurious responses can be re-
duced by adequate selectivity before the mixer 
stage, and by using sufficient shielding to pre-
vent signal pick-up by any means other than 
the antenna. When a strong signal is received, 
the harmonics ( § 2-7) 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 
ordinary signal. These " birdies" appear as a 
heterodyne beat on the desired signal, and are 
principally bothersome when the frequency of 
the incoming signal is not greatly different, 
from the intermediate frequency. The cure is 
proper circuit isolation and shielding. 
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Harmonies 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 low output level. 
The double superheterodyne — At high 

and very-high frequencies it is difficult to se-
cure an adequate image ratio when the inter-
mediate frequency is of the order of 455 kc. 
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 further amplifica-
tion — reconverted to a lom'er i.f, where higher 
adjacen (-channel selectivity can be obtained. 
Such a receiver is called a double superheterodyne. 

41, 7-9 Frequency Converters 

Characteristics — The first detector or 
mixer resembles an ordinary detector. A cir-
cuit tuned to the intermediate frequency is 
placed in the plate circuit of the mixer, so that 
the highest possible i.f. voltage will be devel-
oped. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are by-
passed to ground, since they are not wanted in 
the output. The i.f. tuned circuit should have 
low impedance for these frequencies, a condi-
tion easily met if they do not approach the 
intermediate frequency. 

(C) 

R.F.Input ci C, 

T C4 
OSC.V0.3*.68 

*8 

Fig. 720 — Mixer or converter circuits. A, grid injee. 
lion ith a pentode plate detector; Ji and C, separate 
injection circuits for converter tithes. Circuit values are: 
Component Circuit A Circuit B Circuit C 

C I, C a, Ca — 0.01-01 pfd. 0.01-0.1 µfil. 0.01-0.1 dd. 

Q — Approx. 1 W I 50-100 µdd. 50-100 mph!. 
Iii — 10,000 ohms. 300 ohms. 500 olio». 
112-- 0.1 ruegolun. 50.000 ohms. 15.000 °blue. 

Its— 50,000 ohms. 50,000 uhuoi. 50,000 ohms. 

Plate % oltagc should he 250 in all circuits. If a GAIIT 
or ()ACT tithe is used in Circuit A, ift should he 500 ohms. 

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. 
The mixer should not require too much r.f. 

power from the h.f. oscillator, since it may be 
difficult to supply the power and yet maintain 
good oscillator stability (§ 3-7). Also, the con-
version efficiency should not depend too criti-
cally on the oscillator voltage (that is, a small 
change in oscillator output should not change 
the gain), since it is difficult to maintain con-
stant output over a wide frequency range. 
A change in oscillator frequency caused by 

tuning of the mixer grid circuit is called pull-
ing. If the mixer and oscillator could be com-
pletely isolated, mixer tuning would have no 
effect on the oscillator frequency; but in prac-
tice this is a difficult condition to attain. Pull-
ing should be minimized, because the stability 
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 i.f.s. 

Circuits — Typical frequency-conversion cir-
cuits are given in Fig. 720. The variations are 
chiefly in the way in which the oscillator volt-
age is introduced. In Fig. 720-A, the screen-
grid pentode functions as a plate detector; the 
oscillator is capacity-coupled to the grid of the 
tube, in parallel with the tuned input circuit. 
Inductive coupling may be used instead. The 
conversion gain and input selectivity generally 
are good, so long as the sum of the two volt-
ages (signal and oscillator) impressed on the 
mixer grid does not exceed the grid bias. It is 
desirable to make the oscillator voltage as high 
as possible without exceeding this limitation. 
The oscillator power required is negligible. 
A pentagrid-converter tube is used in the 

circuit at B. Although intended for combina-
tion oscillator-mixer use, this type of tube 
usually will give more satisfactory performance 
when used in conjunction with a separate os-
cillator, the output of which is coupled in as 
shown. The circuit gives good conversion effi-
ciency, and, because of the electron coupling, 
affords desirable isolation between the mixer 
and oscillator circuits. A small amount of 
power is required from the oscillator. 

Circuit C is for the 6L7 mixer tube. The 
oscillator voltage can vary over a considerable 
range without affecting the conversion gain. 
There are no critical adjustments, and the 
oscillator-mixer isolation is good. The oscillator 
must supply somewhat more power than in B. 
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 little 
difference from the cost standpoint. 
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'ubes for frequency conversion— Any 

sharp cut-off pentode may be used in the cir-
cuit of Fig. 720-A. The GAB7 and 6AC7 give 
high conversion gain and excellent signal-
to-noise ratio — comparable, in fact, to the 
sain and signal-to-noise ratio obtainable with 
r.f. amplifiers — and in these respects are far 
superior to any other tubes used as mixers, 
particularly between 14 and 100 Mc. How-
ever, this type of tube loads the circuit more 
(§ 7-6) and thus decreases the selectivity. 
The WS is a good tube for the circuit at 13; 

its oscillator plate connection may be ignored. 
The GSA', also is excellent in this circuit, al-
though it has no anode grid ( No. 2 grid, in the 
diagram). In addition to these two types, any 
pentagrid converter tube may be used. 

V.h.j. and U.h.f. converters.— At fre-
quencies above the 30- Mc, region the perform-
ance of the special mixer and converter tubes 
employed on the lower frequencies falls off be-
cause of greatly reduced input resistance which, 
by loading the tuned circuit connected to the 
tube and thus reducing its Q, lowers the signal-
to-noise ratio. However, the high-transeon-
ductance pentodes such as the 6AC7 and GAB7 
will perform fairly effectively in the circuit of 
Fig. 720-A up to 100 Mc. or so. 
Above about 100 Mc. the loading effect, in 

addition to the relatively large input capacity 
which limiés the amount of inductance that can 
be used in the tuned circuit, makes these tubes 
markedly inferior to the special high-frequency 
pentodes such as the 9000 and acorn series. The 
latter perform successfully up to 400 Mc. 
At still higher frequencies — or, for that 

matter, anywhere above 200 Mc. — other 
types of converters are preferred. At these 
frequencies triode mixers, when operated as 
plate-rectifier detectors in suitable circuits, 
give the least noise and maximum conversion 
transconductance. 

Fig. 721-A shows the elementary circuit for 
a single triode with cathode oscillator-voltage 
injection. In such; an arrangement the cathode 
connection usually terminates (with as short a 
lead as possible) in a small link near the oscilla-
tor tank. one end of which is grounded. Alter-
natively, direct capacity-coupled grid injec-
tion may be used in an arrangeaient similar 
to that uf Fig. 720-A, C4 being a very small 
coupling condenser of perhaps 1 or 2 apfd. — 
often merely the free end of the coupling lead 
placed within the field of the oscillator coil or 
near the oscillator tube plate or grid. 
The balanced triode circuit of Fig. 721-B 

affords the added advantages of symmetry to 
ground and complete cancellation of both the 
received-signal and oscillator voltages in the 
plate circuit. This serves further to improve 
the signal/noise ratio as well as to stabilize 
operation. For optimum performance the os-
cillator-voltage input should be carefully ad-
justed, by means of the coupling between the 
two coils, to give maximuni converter gain. The 
balanced converter circuit is most frequently 

used with miniature dual triodes such as the 
6J6, with which it performs effectively tip to 
GOO Mc. or higher. The oscillator may be oper-
ated either on its fundamental or a harmonic. 
At frequencies above 200 Me. coaxial or 
"trough"-line circuits are chiefly used. 
At still higher frequencies converters em-

ploying conventional tubes are infia ior to 
other, basically different types, including 
highly specialized versions of velocity-modu-
lation tubes of various types. These tech-
niques, however, are beyond the scope of the 
present treatment; information concerning 
practical tubes and circuits is largely held con-
fidential by the military services. 
For amateur work on these higher frequen-

cies the use of special small u.h.f. diodes with 

(A) 

05G VOLTAGE 

Fig. 721 — Vhf. frcrpti•nc:i converter circuit's. A, triode 
mixer with separate oscillator tube; IS, balanced ciiiiiarc-
maw mixer using a dual triode tube %sill' push-pull in-
put circuit. L and C are tuned to the signal frequency. 

Ca — 100-mufd. silvered mica. 

Ri •—• 10,000.50,000 ohms. 

extremely close element spacing as converters 
is a logical solution. Crystal detectors have 
also been used extensively because of their 
ready availability and independence of fie-
rpm-icy limitations. Crystal detectors are not 
susceptible to the transit time limitations of 
electronic tubes. Silicon is the most popular 
material for such applications; the crystals are 
ground to minute dimensions and permanently 
mounted in fixed miniature holders with t ung-
sten contacts. Fig. 722-A shows a typical 
crystal mixer circuit with inductive coupling 
to a triode oscillator (955 or 9002). 

Because stability of a crystal detector can be 
achieved only at the expense of sensitivity, 
diode detectors are preferred up to the limit of 
frequency at which they can be made to func-
tion. Diodes have the further advantage that 
they will function as mixers by using a har-
monic of the oscillator voltage, making pos-
sible the use of conventional triode oscilla-
tors for receivers operat ing up to the 2000- Mc. 
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515=1 

(B) 

as viglaim 

Fig. 722 — Uh f. frequency converter circuits. A, crys-
tal-detector mixer \sith an inductively coupled triotle 
iiscillator; 13, diode mixer N‘itli cathode-link coupling to 
the oscillator circuit. L and C are tuned to the signal 
frequency:L0 and u. to the oscillator frequency. 
— 3-30-55 1d. mica trimmer. 

:2 — 25 -ptiftl. sili ered mica. 
C3 — 10- fil. silvered mica. 
( - 0.4)03 -mg fd. 
Iti — 50,000 ohms (tnetallized carbon). 
Ha — 5000-20,000 ohms. 

region or higher. While operation of the oscil-
lator on a fundamental is the more efficient 
method, the less in conversion efficiency does 
not exceed 2 to 1 even with third harmonic 
operation provided the oscillator input is suffi-
tient to establish a diode current of 0.2 to 0.5 
ma. Diode mixers are considerably more tol-
erant as eoneerns oscillator voltage and other 
circuit conditions than the crystal type. 

In the circuit of Fig. 722-B the cathode 
tuned circuit, LOCO, is tuned to the oscillator 
fundamental, Co is being made large enough so 
that it is effectively a cathode by-pass con-
denser for the signal frequency. 

Ii 7-10 The High-Frequency Oscillator 

Design considerations— Stability of the 
receiver (§ 7-2) 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 insensi-
tive to changes in voltage, loading, and me-
chanical shock. Thermal effects (slow change 
in frequency because of tube or circuit heating) 
should be minimized. These ends can be at-
tained by the use of good insulating materials 
and circuit components, suitable electrical de-
sign, and careful mechanical construction. 

In addition, the oscillator must be capable 
of furnishing suflicient 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 spurious response (§ 7-8). 

It is desirable to make the Lie ratio in the 
oscillator tuned circuit low (high-C), since this 
results in increased stability (§ 3-7). Particular 
care should be taken to insure that no part 
of the oscillator circuit can vibrate mechan-
ically. This calls for short leads and "solid" 
mechanical construction. The chassis and 
panel material should be heavy and rigid 
enough so that pressure on the tuning dial will 
not cause torsion and a shift in the frequency. 
Care in mechanical construction is well repaid 
by increased frequency stability. 

Circuits — Several oscillator circuits are 
shown in Fig. 723. The point at which output 
voltage is taken for the mixer is indicated in 
each case by X or Y. Circuits A and 15 will give 
about the same results, and require only one 
coil. However, in these two circuits the cath-
ode is above ground potential for r.f., which 
often is a cause of hum modulation of the 
oscillator output at 14 Mc. and higher fre-
quencies when 6.3-volt heater tubes are used. 
Hum usually is not bothersome with 2.5-volt 
tubes, nor, of course, with tubes which are 
heated by direct current. The circuit of Fig. 
723-C overcomes hum, since the cathode is 

(A) 

(S) 

Fig. 723 — High-frequency oscillator circuito, A, sereene 
grid grounded-plate oscillator; B. triode grounded-
plate oscillator; C, triode. oscillator With tickler circuit. 
Coupling to themixer may betaken from points t and Y.In 
A and B, coupling from Y will reduce pulling effects, but 
gives less voltage than front X; this type is hest adapted 
to mixer circuits with small oseilla tor-voltage require-
ments. Typical values for components arc as follows: 

Circuit A Circuit D Circuit C 

CI — 0101mardf.d. 100 mad. 100 gal 
C2— 0.1 pid. 0.1 std. 
C3 —  OA 'dd. 
RI — $0,000 ohms. 50,000 ohms. 50,000 ohms. 
It2— 50,000 ohms. 10.000 to 10,000 to 

25,000 ohms. 25,000 ohms. 

l'he plate-supply voltage should be 250 volts. In cir-
cuits II and C, iis 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 potter supply (1 8-10). 
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grounded. The two-coil arrangement is advan-
tageous in construction, since the feed-back 
adjustment (altering the number of turns on 
L2 or the coupling between ./4 and L2) is simple 
mechanically. 

Besides the use of a fairly high CIL ratio in 
the tuned circuit, it is necessary to adjust the 
feed-back to obtain optimum results. Too 
much feed-back will cause the oscillator to 
"squeg," or operate at several frequencies 
simultaneously (§ 7-4); too little feed-back will 
cause the output to be low. In the tapped-coil 
circuits ( A, B), the feed-back is increased by 
moving the tap toward the grid end of the 
coil; in C, by increasing the number of turns 
on L2 or by moving L2 closer to Li. 
The oscillator plate voltage should be as low 

as is consistent with adequate output. Low 
Plate voltage will cause reduced tube heating 
and thereby reduce frequency drift. The 
oscillator and mixer circuits should be well 
isolated, preferably by shielding, since coupling 
other than by the means intended may result 
in pulling. 
To avoid plate-voltage changes which may 

cause the oscillator frequency to change, it is 
good practice to use a voltage-regulated plate 
supply employing a gascons YB tube (§ 8-8). 
Traeking— For ganged tuning, there must 

be a constant difference in frequency between 
the oscillator and mixer circuits. This difference 
must be exactly muid to the intermediate 
frequency (§ 
Tracking methods for covering a wide fre-

quency range, suitable for general-coverage 
receivers, are shown in Fig. 724. The track-
ing capacity, C5, commonly consists of two 
condensers in parallel, a fixed one of somewhat 
less capacity than the value needed and a 
smaller variable in parallel to allow for adjust-
ment to the exact proper value. In practice, the 
trimmer, C4, i s first set for the high,frequency 
end of the tuning range, and then the tracking 
condenser is set for the low-frequency end. 
The tracking capacity becomes larger as the 
percentage difference between the oscillator 
and signal frequencies becomes smaller (that 
is, as the signal frequency becomes higher). 
Typical circuit values au. &l'yen in the tables 
under Fig. 724. 

In amateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit which 
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. 715-C, the tuning will be practically 
straight-line-frequency if the capacity actually 
in use at C2 is not too small; the same is true 
of 715-A if Ci is small compared to C2. 

7-11 The Intermediate-Frequency 
Amplifier 

Choice of frequency— The selection of an 
intermediate frequency is a compromise be-
tween varions 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 
(§ 7-8). A low i.f. also increases pulling of the 
oscillator frequency (§ 7-9). On the other hand, 
a high i.f, is beneficial to both image ratio and 
pulling, but the selectivity and gain are low-
ered. The difference in gain is least important. 
An i.f. of the order of 455 kc. gives good se-

lectivity and is satisfactory from the stand-
point of image ratio and oscillator pulling at 
frequencies up to 7 Mc. The image ratio is 
poor at 14 Mc. when thé mixer is connected to 
the antenna, but adequate when there is a 
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Fig. 7Z1 — Converter-eircuit tracking MelhOdS. 
Io( Ing are approximate circuit values for 450- to 465-kc. 

with tun in g ranges of approximately 2.15-to-1 and 
C. having 140 amfd. maximum, and the total inini llllllll 
capacitance, including Ca or Ca, being 30 to 35 µµfd. 

Tuning Range la 1.2 (:a 

1.7-4 Mc. 50 ph. 40 ph. 0.0013 pftl. 
3.7-7.5 Mr. 11 ph. 12.2 ph. 0.0022 pf d. 
7-15 Ma. 33 ah. 3 pls. 0.00.15 pfd. 
14-30 Mc. 0.8 ph. 0.78 ph. None used 

Approximate values for 450- to 4654.e, i.f.s with 
2.5-to-1 tuning range, Ci asid C2 being 350-muid. maxi-
mum, minimum includin g C3 and Cd being 40 to 50 pafd. 

Tuning Range 14 J. Cc , 

0.5-1.5 Mc. 240 ph. 130 pli. 425 ispfil. 
1.5-4 Mc. 32 pli. 25 pli. 0.00115 5M. 
4-10 Mc. 4.5 ph. 4 ph. 0.0028 pfd. 
10-25 Mc. 0.8 ph. 0.:5 ph. None need 
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tuned r.f. amplifier between antenna and 
mixer. At 28 Mc. and on the very-high frequen-
cies, the image ratio is very poor unless several 
r.f. stages are used. Above 14 Mc., pulling is 
likely to be bad unless very loose coupling can 
be used between mixer and oscillator. 
With an i.f. of about 1600 kc., satisfactory 

image ratios can be secured on 14, 28 and 56 
Mc., and pulling can be reduced to negligible 
proportions. However, the i.f. selectivity is 
considerably lower, so that more tuned cir-
cuits must be used to increase the selectivity. 
For very-high frequencies, including 28 Me., 
the best solution is to use a double superhet-
erodyne (§ 7-81. choosing one high i.f. for 
image reduction (5 and 10 Mc. are frequently 
used) and a lower one for gain and selectivity. 

In choosing an i.f, it is wise to avoid fre-
quencies on which there is considerable activ-
ity by the various radio services, since such 
signals may be picked up directly on the if. 
wiring. The frequencies mentioned are fairly 
free of such interference. 

Fidelity, sideband cutting — As described 
in § 5-2, modulation of a carrier causes the 
generation 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 which contains, for instance, audio 
frequencies up to 5000 cycles, it must be capa-
ble of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles 
above to 5000 cycles below the carrier fre-
quency. In a superheterodyne, where all carrier 
frequencies are changed to the fixed interme-
diate frequency, this means that the i.f. ampli-
fier should amplify equally well all frequencies 
within that band. In other words, the amplifi-
cation must be uniform over a band 10 kc. 
wide, with the i.f. at its center. The signal-
frequency circuits usually do not have enough 
over-all selectivity to affect materially the " ad-
jacent channel" selectivity (§ 7-2), so that only 
the i.f. amplifier selectivity need be considered. 
A 10-kc. band is considered sufficient for 

reasonably faithful reproduction of music, 
but much narrower band-widths can be used 
for communication work where intelligibility 
rather than fidelity is the primary objective. 
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Fig. 72.5 — Typical intermediatr-fcrqurnry amplifier 
circuit for a superheterodyne rcrriv cr. Representative 
values for components are as follosi s: 
Ci — 0.1 dd. at 455 kc.; 0.01 pfcl. at 1600 kr. and higher. 
C2 — 0.01 dd. 

CS, C4, CS 0.1 mfd. at 455 ke.: 0.01 pfd. above 1600 kr. 
R1— 300 ohms. 113-2000 ohms. 
113— 0.1 rnegohm. R4 0.25 megohm. 

If the selectivity is too great. to permit uniform 
amplification over the hand of frequencies 
occupied by the modulated signal, the higher 
modulating frequencies are attenuated as com-
pared to the lower frequencies: that is, the 
upper-frequency sidebands are " cut." While 
sideband cutting reduces fidelity, it is fre-
quently preferable to sacrifice naturalness of 
reproduction in favor of greater selectivity. 
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, side-
band cutting is not serious with two-stage 
amplifiers at frequencies as low as 455 kc. 

Circuits — I.f. amplifiers usually consist of 
one or two stages. Two stages at 455 lc. 
give all the gain usable, in view of the mini-
mum receiver noise level, and also give suitable 
selectivity for good-quality 'phone reception. 
A typical circuit arrangement is shown in 

Fig. 725. A second stage would simply dupli-
cate the circuit of the first. In principle, the 
i.f, amplifier is the same as the tuned r.f. am-
plifier (§ 7-6). However, since a fixed frequency 
is used, the primary as well as the secondary 
of the coupling transformer is tuned, giving 
higher selectivity than is obtainable with a 
closely coupled untuned primary. The cathode 
resistor, RI, is connected to a gain control 
circuit of the type previously described (§ 7-6); 
usually both stages, if two are used, are con-
trolled by a single variable resistor. The de-
coupling resistor, R3 (§ 2-11), helps isolate the 
amplifier, and thus prevents stray feed-back. 
C2 and R.1 are part of the automatic volume-
control circuit (§ 7-13); if no a.v.e. is used, the 
lower end of the i.f. transformer secondary is 
simply connected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor (R2) as shown, the 
screens being connected in parallel, or from a 
voltage divider (§ 8-10) across the plate sup-
ply. Separate screen voltage-dropping resistors 
are preferable for preventing undesired cou-
pling between stages. 
When two stages are used the high gain will 

tend to cause instability and oscillation, so that 
good shielding, by-passing, and careful circuit 
arrangement to prevent stray coupling, with 
exposed r.f. leads well separated, is necessary. 

1.f. transformers— The tuned circuits of 
i.f. amplifiers are built up as transformer units 
consisting of a metal-shield container in which 
the coils and tuning condensers are mounted. 
Both air-core and powdered-iron-core uni-
versal-wound coils are used, the latter having 
somewhat higher Qs and, hence, greater selec-
tivity and gain per unit. In universal windings 
the coil is wound in layers with each turn trav-
ersing the length of the coil, back and forth, 
rather than being wound perpendicular to the 
axis as in ordinary single-layer coils. In a 
straight multi-layer winding, the turns on ad-



Peceiver Principlà and {2)eJign 161 

2 times 10 times 
Intermediate frequency down down 

One stage, 455 kc. (air core). .. 8.7 17.8 
One stage, 455 kc. (iron core) .. 4.3 10.3 
Two stages, 455 kc. (iron core). 2.9 6.4 
Two stages, 1600 ke.. .. 11.0 16.6 
Two stages, 5000 25.8 46.0 

jacent layers at the edges of the coil have a 
rather large potential difference between them 
as compared to the difference between any 
two adjacent turns in the same layer; hence a 
fairly large capacity current can flow between 
layers. Universal winding, with its " criss-
crossed" turns, tends to avoid building up such 
potential differences, and hence redu,ces dis-
tributed-capacity effects (§ 2-8). 

Variable tuning condensers are of the midget 
type, air-dielectric condensers being preferable 
because their capacity is practically unaffected 
by changes in temperature and humidity. Iron-
core transformers may be tuned by varying the 
inductance (permeability tuning), in which case 
stability comparable to that of variable air-
condenser tuning can be obtained by use of 
high-stability fixed mica condensers. Such sta-
bility is of great importance, since a circuit 
whose frequency " drifts" with time eventually 
will be tuned to a different frequency than the 
other circuits, thereby reducing the gain and 
selectivity of the amplifier. Typical i.f. trans-
former construction is shown in Fig. 726. 

Besides the type of i.f. transformer shown in 
Fig. 726, special units to give desired selectivity 
characteristics are available. For higher than 
ordinary adjacent-channel selectivity (§ 7-2) 
triple-tuned transformers, with a third tuned 
circuit inserted between the input and output 
windings, are 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. 
Variable-selectivity transformers also can be 
obtained. These usually are provided with a 
third (untuned) winding which can be con-
nected to a resistor, thereby loading the tuned 
circuits and decreasing the Q and selectivity 
(§ 2-10) to broaden the selectivity curve. The 
variation in selectivity is brought about by 
switching the resistor in and out of the circuit. 
Another method is to vary the coupling be-
tween primary and secondary, overcoupling 
being used to broaden the selectivity curve and 
undercoupling to sharpen it (§ 2-11). 
Selectivity— The over-all selectivity of the 

i.f. amplifier will depend on the frequency and 
the number of stages. The following figures are 
indicative of the band-widths (§ 7-2) to be 
expected with good-quality transformers in 
amplifiers so constructed as to keep regeneration 
to a minimum: 

Band-width in kilocycles 
100 limes 
down 

32.3 
20.4 
10.8 
27.4 
100.0 

Tubes for i.f. amplifiers— Variable-p pen-
todes (§ 3-5) are almost invariably used in if. 
amplifier stages, since grid-bias gain control 
(§ 7-6) is practically always applied to the i.f. 
amplifier. Tubes with high plate resistance will 
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Fig. 726 — Representative i.f. transformer construc-
tion. Coils are supported on insulating tubing or (in the 
air-timed type) on wax-impregnated wooden dowels. 
The shield in the air-tuned transformer prevents ca-
pacity coupling between the tuning condensers. In the 
permeability-tuned transformer the cores consist of 
finely di, Wed iron particles supported in an insulat-
ing binder, formed into cylindrical "plugs." The 
tuning capacity is fixed, and the inductances of the 
coils arc varied by moving the iron plugs in and out. 

have least effect on the selectivity of the ampli-
fier, and those with high mutual conductance 
will give greatest gain. The choice of i.f. tubes 
has practically no effect on the signal-to-noise 
ratio, since this is determined by the preceding 
mixer and r.f. amplifier (if the latter is used). 
When single-ended tubes (§ 3-5) are used, 

care should be taken to keep the plate and grid 
leads well separated. With these tubes it is 
advisable to mount the screen by-pass con-
denser directly on the bottom of the socket, 
cross-wise between the plate and grid pins, to 
provide additional shielding. The outside foil 
of the condenser should be connected to ground. 

Single-signal effect — In heterodyne c.w. 
reception with a superheterodyne 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., it will also be heterodyned 
by the beat oscillator to produce a 1000-cycle 
beat. This audio-frequency image corresponds 
to the high-frequency images already discussed 
(§ 7-8). It can be reduced by providing enough 
i.f. selectivity, since the image signal is off the 
peak of the i.f. resonance curve. 
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 difficult to ob-

tain with non-regenerative amplifiers using 
ordinary tuned circuits unless a very low inter-
mediate frequency or a large number of circuits 
is used. In practice it is secured either by re-
generative amplification or by a crystal filter. 
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Regeneration — Regeneration Can be used 

to give a pronounced single-signal effect, par-
ticularly when I he i.f. is -155 ke. or lower. The 
resonance curve of an i.f. stage at critical re-
generation (just below the os('illating point) 
is extremely sharp, a band-width of 1 ke. at 10 
times down and 5 ke. at 100 times down being 
obtainable in one stage. The audio-frequency 
image of a given signal thus can be reduced by 
a factor of nearly 100 for a 1000-cycle beat 
note (image 2000 cycles from ( esonance). 

Regeneration is easily introduced into an i.f. 
amplifier by providing a small amount of 
capacity 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 feed-back may be con-
trolled 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 overload-
ing 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. 
The disadvantage is that the regenerative gain 
varies with signal strength, being less on strong 
signals, and the selectivity varies accordingly. 

Crystal filters— The most satisfactory 
method of obtaining high selectivity is by the 
use of a piezoelectric quartz crystal as a selec-
tive filter in the if. amplifier (A 2-10). Com-
pared to a good tuned circuit, the Q of such a 
crystal is extremely high. The dimensions of 
the crystal are made such that it is resonant at 
the desired intermediate frequency. It is then 
used as a selective coupler between i.f. stages. 
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Fig. 727 — Graphical representation of singlc-signal 
selectivity. The shaded area indicates the overall 
band-,iilth, or region in which response is obtainable. 

Fig. 727 gives a typical crystal- filter reso-
nance curve. For single-signal reception, the 
audio-frequeney image can be reduced by a 
factor of 1000 or more. Besides practically 
eliminating the a.f. image, the high selectivity 
of the crystal filter provides great discrimina-
tion against signals very close to the desired 
signal it) frequency, and, by reducing the band-
width, reduces the response of the receiver to 
noise both from sources external to the receiver 
and in the r.f. stages of the receiver itself. 

Crystal filter circuits; phasing— Several 
crystal filter circuits are shown in Fig. 728. 
Those at A and B are practically identical in 
performance, although differing in details. The 
crystal is connected in a bridge circuit (§ 2-11), 
wit h the seeondary side of Th the input trans-
former, balanced to ground either through a 
pair of condensers, C-C, (A) or by a center-tap 
on the secondary, 1:2 ( B). The bridge is com-
pleted by the crystal, X, and the phasing con-
denser, C2, which has a maximum capacity 
somewhat higher than the capacity of the crys-
tal in its holder. When C2 is set to balance the 
crystal-holder capacity, the resonance curve 
of the crystal circuit is practically symmetrical; 
the crystal acts as a series-resonant circuit of 
very high Q and thus allows signals of the de-
sired frequency to be fed through C3 to id3L4, 
the output transformer. Without C2, the holder 
capacity ( with the crystal acting as a dielectric) 
would pass signals of undesired frequencies. 
The phasing control has an additional func-

tion besides neutralization of the crystal-holder 
capacity. The holder capacity becomes a part 
of the crystal circuit and causes it to act as a 
parallel-tuned resonant circuit at a frequency 
slightly higher than its series-resonant fre-
quency. Signals at the parallel-resonant fre-
quency thus are prevented from reaching the 
output circuit. The phasing control, by varying 
the effect of the holder capacity, permits shift-
ing the parallel-resonant frequency over a con-
siderable range, providing adjustable rejection 
of interfering signals. The effect of rejection 
is illustrated in Fig. 727, where the audio image 
is reduced, by proper setting of the phasing 
control, far below the value that would be ex-
pected if the resonance curve were symmetrical. 

Variable selectirity— In circuits such as A 
and B, Fig. 728, variable selectivity is obtained 
by adjustment of the variable input imped-
ance, which is effectively in series with the 
crystal resonator. This is accomplished by 
varying C1 (the selectivity control), which tunes 
the balanced secondary circuit of 7'1. When 
the secondary is tuned to i.f. resonance the 
parallel impedance of the L2Ci combination is 
maximum and is purely resistive § 2-10). 
Since the secondary circuit is center-tapped, 
approximately one-fourth of this resistive hn-
pedance is in series with the crystal through 
C3 and L4. This lowers the Q of the crystal 
circuit and makes its selectivity minimum. At 
the same time, the voltage applied to the 
crystal circuit is maximum. 
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When the input circuit is detuned from the 

crystal resonant frequency the resistance com-
ponent of the input impedance decreases, and 
so does the total parallel impedance. Accord-
ingly, time selectivity of the crystal circuit be-
comes higher and the applied voltage falls off. 
At first the resistance decreases faster than the 
applied voltage, with the result that the c.w. 
output from the filter increases as the selectiv-
ity is increased. The output falls off gradually 
as the input circuit is detuned further from res-
onance, however, and the selectivity becomes 
sti 11 higher. 

In the circuits of A and B in Fig. 728, the 
minimum selectivity is still much greater than 
that of a normal two-stage 455-ke. amplifier 
and it is desirable to provide a wider range of 
selectivity, particularly for 'phone reception. 
A circuit which does this is shown at Fig. 
728-C. The principle of operation is similar, 
but a much higher value of resistance can be 
introduced in the crystal circuit to reduce the 
selectivity. The output tuned circuit, L3C3, 
must have high Q. A compensated condenser is 
used at C2 (phasing) to maintain circuit bal-
ance, so that the phasing control does not af-
fect the resonant frequency. The output circuit 
functions as a voltage divider in such a way 
that the amplitude of the carrier delivered to 
the next grid does not vary appreciably with 
the selectivity setting. The variable resistor, 
R, may consist of a series of separate fixed 
resistors selected by a tap switch. 

7-12 The Second Detector and 
Beat Oscillator 

Detector circuits — The second detector of 
a superheterodyne receiver performs the same 
function as the detector in the simple receiver, 
but usually operates at a higher input level 
because of the relatively great r.f. amplifica-
tion. 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 furnishing automatic 
gain or volume control (§ 7-13). The basic 
circuits are m described in § 7-3, although in 
many cases the diode elements are iticorporattd 
in a multi-purpose tube which contains an 
amplifier section in addition to the diode unit. 
The beat oscillator — Any standard oscilla-

tor circuit (§ 3-7) may be used for the beat 
oscillator. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most 
conveniently used with circuits such as those 
shown at Fig. 723-A and -B, with the output 
taken from Y. A variable condenser of about 
25-mpfd. capacity may be connected between 
cathode and ground to provide fine adjustment. 
The beat oscillator usivilly is coupled to the 
second-deteetor tuned circuit through a fixed 
condenser of a few mead. capacity. 
The beat oscillator should be well shielded, 

to prevent coupling to any part of the circuit 

except the second detector and to prevent its 
harmonics from getting into the front end of 
the receiver and being amplified like regular 
signals. To this end, the plate voltage should 
be as low as is consistent with sufficient audio-
frequency output. If the beat oscillator output 
is too low, strong signals will not give a propor-
tionately strong audio response. 
An oscillating second detector may be used 

to give the audio beat note, but, since the de-
tector must be detuned from the i.f., the selec-
tivity and signal strength will be reduced, while 
blocking (§ 7-4) will be pronouneed because of 
the high signal level at the second detector. 

E 7-13 Automatic Volume Control 

Principles — Automatic regulation of the 
gain of the receiver in inverse proportion to 
the signal strength is a great advantage, espe-
cially in 'phone reception, since it tends to 
keep the output level of the receiver constant 
regardless of input signal strength. It is readi-
ly accomplished in superheterodyne receivers 
by using the average rectified d.c. voltage, 
developed by the received signal across a 
resistance in a detector circuit (§ 7-3), to vary 
the bias on the r.f. and i.f. amplifier tubes. 

(C) 

Fig. 728 — Crystal filter circuits of three types. All 
give variable hand-whIth, with C having the greatest 
range of selectivity. Their operation is discussed in the 
text. Suitable circuit values arc as follows: Circuit A, T1, 
special i.f. input transformer with high-inductanec pri-
mary, Li, closely coupled to tuned secondary, 1,2; 
50-psfd. yariabre; C, each 100-ssfd. fixed (mica); C2, 
10- to 15-,o,fd. ( max.) variable; C3, 50-551d. trimmer; 
L3C4, i.f, tuned circuit, u it h L3 tapped to match crystal-
eircuit impedance. In circuit 13, Ti is the saine as in 
circuit A except that the secondary is center-tapped; 
Ci is J00-mafd. variable; C2, C3 and C4, same as for circuit 
A; /4/..4 is a transformer with primary. /.4, corresponding 
to tap on 1,3 in A. In circuit C, T; is a special i.f. in-
put transformer with tuned primary and low-impe-
dance secondary; C, cadi 100-pgfd. fixed (mica); C2, 
opposed stator phasing e lenser, approximately 8 
;odd. maximum capacity each side; LaCa, high-Q 
tuned circuit; R, 0 to 3000 ohms (selectivity control). 
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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 as the 
number of stages to which the a.v.c. bias is 
applied is increased. Control of at least two 
stages is advisable. 
Circuits— A typical circuit using a diode-

triode type tube as a combined a.v.c. rectifier, 
detector and first audio amplifier is shown in 
Fig. 729. One plate of the diode section of the 
tube is used for signal detection and the other 
for a.v.c. rectification. The a.v.c. diode plate 
is fed from the detector diode through the 
small coupling condenser, Cg. A negative bias 
voltage resulting from the flow of rectified car-
rier current is developed across Rg, the diode 
load resistor. This negative bias is applied to the 
grids of the controlled stages through the filter-
ing resistors (§ 2-11), Rs, Rg, R7 and Rg. When 
S1 is closed the a.v.c. line is grounded, thereby 
removing the a.v.c. bias from the amplifier 
without disturbing the detector circuit. 

It does not matter which of the two diode 
plates is selected for audio and which for a.v.c. 
Frequently the two plates are connected to-
gether and used as a combined detector and 
a.v.c. rectifier. This could be done in Fig. 729. 
The a.v.c. filter and line would connect to the 
junction of Rg and Cg, while Cg and Rg would 
be omitted from the circuit. 
Delayed a.v.c.—In Fig. 729 the audio diode 

return is made directly to the cathode and 
the a.v.c. diode return to ground. This places 
negative bias on the a.v.c. diode equal to the 
d.c. drop through the cathode resistor (a volt 
or two) and thus delays the application of 
a.v.c. voltage to the amplifier grids, since no 
rectification takes place in the a.v.c. diode cir-
cuit until the carrier amplitude is large enough 
to overcome the bias. Without this delay the 
a.v.c. would start working even with a very 
small signal. This is undesirable, because the 
full amplification of the receiver then could 
not be realized on weak signals. In the audio 
diode circuit this fixed bias would cause dis-
tortion, and must be avoided; hence, the return 
is made directly to the cathode. 
Time constant— The time constant (§ 2-6) 

of the resistor-condenser combinations in the 
a.v.c. circuit is an important part of the sys-
tem. It must be high enough so that the modu-
lation on thç signal is completely filtered from 

the d.c. output, leaving only an average d.c. 
component which follows the relatively slow 
carrier variations with fading. Audio-frequency 
variations in the a.v.c. voltage applied to the 
amplifier grids would reduce the percentage of 
modulation on the incoming signal, and in 
practice would cause frequency distortion. On 
the other hand, the time constant must not 
be too great or the a.v.c. would be unable to 
follow rapid fading. The capacity and resist-
ance values indicated in Fig. 729 will give a time 
constant which is satisfactory for high-frequen-
cy reception. 

Signal-strength and tuning indicators— 
A useful accessory to the receiver is an indi-
cator which will show relative signal strength. 
Not only is it an aid in giving reports to trans-
mitting stations, but it is helpful also in aligning 
the receiver circuits, in conjunction with a test 
oscillator or other steady signal. 
Three types of indicators are shown in Fig. 

730. That at A uses an electron-ray tube (§ 3-5), 
several types of which are available. The grid 
of the triode section usually is connected to 
the a.v.c. line. The particular type of tube 
used depends upon the voltage available for its 
grid; where the a.v.c. voltage is large, a remote 
cut-off type (605 or 6N5) should be used in 
preference to the more sensitive sharp cut-off 
type (6E5). 

In B, a milliammeter is connected in series 
with the d.c. plate lead to one or more r.f. and 
i.f, tubes, the grids of which are controlled by 
a.v.c. voltage. Since the plate current of such 
tubes varies with the strength of the incoming 
signal, the meter will indicate relative signal 
intensity and may be calibrated in " S" points. 
The scale range of the meter should be chosen 
to fit the number of tubes in use; the maxi-
mum plate current of the average remote cut-
off r.f. pentode is from 7 to 10 milliamperes. 
The shunt resistor, R, enables setting the 
plate current to the full-scale value (" zero 
adjustment"). With this system the ordinary 
meter reads downwards from full scale with 
increasing signal strength, which is the reverse 
of normal pointer movement (clockwise with 
increasing reading). Special instruments in 
which the zero-current position of the pointer is 
on the right-hand side of the scale are used in 
commercial receivers. 
The system at C uses a 0-1 ma. milliam-

meter in a bridge circuit, arranged so that the 

Fig. 729 — Automatic volume control circuit using a dual-diode-triode as a 
combined a.v.c. rectifier, second detector and first audio-frequency amplifier. 

Ri — 0.25 megolim. 
Ra 50.000 to 250,000 ohms. 
R3 2000 ohms. 
Ri —2 to 5 megolims. 
Rs — 0.5 to 1 megolim. 
116. R7, RR. Ro — 0.25 niegobm. 
Rio — 0.5-megohm variable. 
Ci. Cs. C3 — 100 pad. 
C4 0.1 pfd. 
Cs. Ce, C7 — 0.01 dd. 
Cs. Ca — 0.01 40 0.1 dd. 
Cao— 5- to 10-pfd. electrolytic. Cii — 250 para. 
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meter reading and the signal strength increase 
together: The current through the branch con-
taining R1 should be approximately equal to the 
current through that containing R2. In some 
manufactured receivers this is brought about by 
draining the screen voltage-divider current and 
the current to the screens of three r.f. pentodes 
(r.f. and i.f. stages) through R2, the sum of 
these currents being about equal to the maxi-
mum plate current of one a.v.c.-controlled tube. 
Typical values for this type of circuit are given. 
The sensitivity can be increased by increasing 
the resistance of R1, R2 and R3. The initial set-
ting is made with the manual gain control set 
near maximum, when R3 should be adjusted 
to make the meter read zero with no signal. 

7-14 Preselection 
Purpose Preselection is added signal-fre-

quency selectivity incorporated before the 
mixer stage is reached. An r.f. amplifier pre-
ceding the mixer generally is called a preselect or, 
its purpose, in part at least, being to discrimi-
nate in favor of the signal against the image. 
The preselector may consist of one or more r.f. 
amplifier stages. When its tuning control is 
ganged with those of the mixer and oscillator, 
its circuits must track with the mixer circuit. 
The circuit is the same as discussed earlier 

(§ 7-6). An external preseleetor stage may be 
used with receivers having inadequate image 
ratios. In this case it is built as a separate 
unit, often with a tuned output circuit which 
gives a further improvement in selectivity. 
The output circuit usually is link-coupled 
(§ 2-11) to the receiver. 

Signal/noise ratio— An r.f. amplifier will 
have a better signal-to-noise ratio (§ 7-2) than 
a mixer because the gain is higher and because 
the mixer-tube electrode arrangement results 
in higher internal tube noise than does the 
ordinary pentode structure. Hence, a pre-
selector is advantageous in increasing the 
signal-to-noise ratio over that obtainable when 
the mixer is fed directly from the antenna. 
Image suppression— The image ratios 

(§ 7-8) obtainable at frequencies up to and 
including 7 Mc. with a single preselector stage 
are high enough, when the intermediate fre-
quency is 455 kc., so that for all practical pur-
poses there is no appreciable image response. 
Average image ratios on 14 Mc. and 28 Mc. are 
50-75 and 10-15, respectively. This is the over-
all selectivity of the r.f. and mixer tuned cir-
cuits. A second preselector stage, adding an-
other tuned circuit, will increase the ratios to 
several hundred at 14 Mc. and to 30-40 at 28 Mc. 
On very-high frequencies, it is impracticable 

to attempt to secure a good image ratio with a 
455-kc. i.f. Good performance can be secured 
only by using a high i.f, or a double superhet-
erodyne (§ 7-8) with a high-frequency first i.f. 
Regeneration— Regeneration may be used 

in a preselector stage to increase both gain and 
selectivity. Since its use makes tuning more 
critical and increases ganging problems, regener-

ation is seldom employed except at 14 Mc. and 
above, where adequate image suppression is dif-
ficult to obtain with non-regenerative circuits. 
The same disadvantages exist as in the case of 
a regenerative i.f. amplifier (§ 7-11). The effect 
of regeneration is roughly equivalent to adding 
another non-regenerative preselector stage. 
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Fig. 730 — Tuning indicator or "S"-mcter circuits for 
superhet receivers. A, electron-ray indicator; B, plate. 
current meter for tithes on a.v.c.; C, bridge circuit for 
a.v.c.-controlled tube. in B, resistor if should have a 
maximum resistance several times that of the milliam• 
meter. In C, representative valises for the components 
arc: R1,250 ohms; R2, 350 ohms; R3, 1000-ohm variable. 

Regeneration may be introduced by the 
same method as used in regenerative i.f. am-
plifiers (§ 7-11). The manual gain control of 
the stage will serve as a volume control. 

Regeneration in a preselector does not im-
prove the signal-to-noise ratio, since the tube 
noise is fed back to the grid circuit along with 
the signal to add to the thermal-agitation noise 
originally present. This noise also is amplified. 

41. 7-15 Noise Reduction 
Types of noise— In addition to tube and 

circuit noise (§ 7-6), much of the noise inter-
ference experienced in reception of high-fre-
quency signals is caused by domestic electrical 
equipment and by automobile ignition sys-
tems. 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 reduced by 
high selectivity in the receiver, especially for 
code reception. The second is the " pistol-shot" 
or " machine-gun" type, consisting of sepa-
rated impulses of high amplitude. The " hiss" 
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type of interference usually is caused by com-
mutator sparking in d.c. and series-wimnd a.c. 
motors, while the " shot " type results from sepa-
rated spark discharges (a.c. power leaks, switch 
and key clicks, ignition sparks, and the like). 
Impulse noise— Impulse noise, because of 

the extremely short duration of the pulses as 
compared to the time between them, must have 
high pulse amplitude to contain much average 
energy. Hence, noise of this type strong enough 
to cause much interference generally has an 
instantaneous amplitude much higher than 
that of the signal being received. The general 
principle of devices intended to reduce such 
noise is that of allowing the signal amplitude 
to pass through the receiver unaffected, but 
making the receiver imperative fi Ir unplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared to its time of 
duration the more successful the noise reduc-
tion, since more of the constituent energy can 
be suppressed. 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q or flywheel effect (§ 2-10) of 
the circuits. Hence, the more selectivity ahead 
of the noise-reducing device, the more difficult 
it becomes to secure good noise suppression. 
Audio limiting— A considerable degree of 

noise reduction in code reception can be aeeom-
plished by amplitude-limiting arrangements 
applied to the audio output circuit of a re-
ceiver. Such limiters also mai u tai n the signal 
output nearly constant with failing. Diagrams 
of typical output-limiter circuits are shown in 
Fig. 731. Circuit A employs a triode tube oper-
ated at reduced plate voltage (approximately 
10 volts), so that it saturates at a low signal 
level. The arrangement of B has better limit-
ing characteristics. A pentode audio tube is 
operated at reduced screen voltage (35 volts or 
so), so that the output power remains prac-
tically constant over a grid excitation-voltage 
range of more than 100 to 1. These output-
limiter systems arc simple, and adaptable to 
most receivers. However, they cannot prevent 
noise peaks from overloading previous circuits. 
Second-detector circuits— The circuit of 

Fig. 732 " chops" noise peaks at the second 
detector of a superhet receiver by means of a 
biased diode, whirl t becomes non-conducting 
above a predetermined signal level. The audio 
output of the detector must pass 1 hrough the 
diode to the grid of the amplifier tube. The 
diode normally would be non-conibleting with 
the connections shown were it not for the fact 
that it is given positive bias from a 30-volt 

Pig.731— Audio output-eiredit amplitude-limit. 
g noi,e-rcducing circuits for c.w. reception. 

Phones CI — 0.25 ail. 
C2— 0.01 ) fil. 
C3 — 5 µfil. 
— 0.5 mesolun. 

112— 2000 ohms. 
1{3— 50,000.oitm potentiometer. 
— Output transformer. 

Li — 15-11ctiry choke. 

source through the adjustable potentiometer, 
H3. Resistors RI and 112 must be fairly large in 
value to prevent loss of audio signal. 
The audio signal from the detector can be 

considered to modulate (§ 5-1) the steady 
diode current, and conduction will take place 
so long as the diode plate is positive with re-
spect to the cathode. When the signal is suffi-
ciently large to swing the cathode positive with 
respect. to the plate, however, conduction 
ceases, and that portion of the signal is cut off 
from the audio amplifier. The point at which 
cut-off occurs can be selected by adjustment of 
113. By setting 113 so that the signal just passes 
through the " valve," noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig 732-A, using an infinite-imped-
ance detector (§ 7-3), gives a positive voltage 
on rectification. When the rectified voltage is 
negative, as it is from the usual diode detector 
(§ 7-3), the circuit arrangement shown in Fig. 
732-B must be used. 
An audio signal of about ten volts is required 

for good limiting action. When a beat oscillator 
is used for c.w. reception the b.f.o. voltage 
should be small, so that incoming noise will not 
have a strong carrier to beat against and so 
produce large audio output. 
A second-detector noise-limiting circuit which 

automatically adjusts itself to the received 
carrier level is shown in Fig. 733. The diode 
load circuit. (§ 7-3) consists of R6, 117, R8 
(shunted by the high-resistance audio volume 
control, /?4) and in series. The cathode of 
the 6.X7 noise limiter is tapped on the load 
resistor at a point such that the average recti-
fied carrier voltage (negative) at its grid is 
approximately twice the negative voltage at 
the cathode, both measured with reference to 
ground. A filter network, RIC1, is inserted in 
the grid circuit, so that the audio modulation 
on the carrier does not reach the grid; hence, 
the grid potential is maintained at substan-
tially the rectified carrier voltage alone. The 
cathode, however, is free to follow the modula-
tion, and when the modulation is 100 per cent 
the peak cathode voltage will just equal the 
steady grid voltage. 

At all modulation percentages below 100 per 
cent the grid is negative with respect to cath-
ode, and carrent cannot flow in the 6N7 plate-
cathode circuit. A noise pulse exceeding the 
iwak voltage whieli represents 100 per cent 
modulation will, however, make the grid posi-
tive with respect to cat bode. The relatively 
low plate-cathode resistance of the 6N7 then 
shunts the high-resistance audio output circuit, 
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effectively short-circuiting it, so that there is 
practically no response for the duration of the 
peak over the 100 per cent modulation limit. 
R5 is used to make the noise-limiting tube 

more sensitive by applying to the plate an 
audio voltage out of phase with the cathode 
voltage, so that, at the instant the grid goes 
positive with respect to cathode, the highest 
positive potential also is applied to the plate, 
thus further lowering the effective plate-cath-
ode resistance. 

Lf. noise silencer— In the circuit shown in 
Fig. 734, noise pulses are made to decrease the 
gain of an i.f, stage momentarily and thus 
silence the receiver for the duration of the 
pulse. Any noise voltage in excess of the desired 
signal's maximum i.f. voltage is taken off at 
the grid of the i.f, amplifier, amplified by the 
noise amplifier stage, and rectified by the full-
wave diode noise rectifier. The noise circuits 
are tuned to the i.f. The rectified noise voltage 
is applied as a pulse of negative bias to the 
No. 3 grid of the 6L7 i.f, amplifier, wholly or 
partially disabling this stage for the duration 
of the individual noise pulse, depending on the 
amplitude of the noise voltage. The noise 
amplifier-rectifier circuit is biased by means 
of the " threshold control," 1(2, so that reetifi-
cation will not start until the noise voltage 
exceeds the desired-sigtial amplitude. With 
automatic volume control the a.v.c. voltage 
can be applied to the grid of the noise ampli-
fier, to augment this threshold bias. This sys-
tem improved the signal-to-noise ratio some 
30 db. (power ratio of 1000) with heavy igni-
tion interference, raising the signal-to-noise 
ratio from — lo db. without the silencer to 
-F 20 db. with the silencer in a typical instance. 
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Fig.732—Serivalve noise-limiter circuits. A, as used 
with an in detector; II, with a diode 
detector. Typical values for components are as follows: 

Itt — 0.25 megohm. 
R2— 50,000 ohms. 
Re— 10,000-ohms. 

rit — 20,000 to 50,000 ohms. 
Ct — 250 HAI. 
C2, C3— 0.1 pfd. 

All other diode-circuit constants in B are conventional. 
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Fig. 733— Automatic noise-limiter for superheterodynes. 
— I.f. Ira nsfg u ith a lialaneed secondary for 

working into a diode rectifier. 
R2.113— 1 megohm. Ci —  0.1-pfd. paper. 

114 —  1-inegolim variable. C2, Ca —  0.05-afd. palter. 
Ett — 130,000 ohms. CI, Cr — 50-pad. mica. 
Rs, RS — 100,000 ohms. Ce — 0.001-mfd. mica ( for 
R7 — 25,000 ohms. r.f. filtering, if 
sw — toggle ( oit-off snitch). needed). 

The su itch should he mounted close to the circuit ele-
ments and controlled 4 an extensit to shaft if necessary. 

Circuit values are normal for i.f. amplifiers 
(§ 7-11), except as indicated. The noise-recti-
fier transformer, 7'1, has an untuned secondary 
closely coupled to the primary and center-
tapped for full-wave rectifiration. The center-
tap rectifier (§ S-3) is used to reduce the pos-
sibility of r.f. feed-back into the i.f. amplifier 
(noise-silencer) stage. The time constant (§ 2-6) 
of the noise-rectifier load circuit, RICIC2, must 
be small, to prevent disabling the noise-silencer 
stage for a longer period than the duration of 
the noise pulse. The r.f. choke, RFC, must be 
effective at the intermediate frequency. 

Adequate shielding and isolation of the noise-
amplifier and rectifier circuits from the noise-
silencer stage must be provided to prevent 
possible self-oscillation and instability. This 
circuit should lw applied to the first i.f. stage 
of the receiver, before the high-selectivity cir-
cuits are reached. On the oilier hand, it. is most 
effective when the signal and noise levels are 
fairly high (meaning one or two r.f. stages be-
fore the mixer) since several volts must be ob-
tained from the noise rectifier for good si-
lencing. 

III 7-16 Operating Superheterodyne 
Receivers 

Car. reception — For making code signals 
audible, the beat oscillator should be set to a 
frequency slightly different from the inter-
mediate frequency (§ 7-8). Ti) adjust the beat-
oscillator frequency, first tune in a moderately 
weak but steady carrier with the beat oscillator 
turned off. Adjust the receiver tinting for 
maximum signal strength, as indicated by maxi-
mum hiss. Then turn on the beat oscillator 
and adjust its frequency (leaving the receiver 
tuning unchanged) to give a suitable beat note. 
The beat oscillator need not subsequently be 
touched, except for occasional checking to make 
certain the frequency has not drifted from the 
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initial setting. The b.f.o. may be set on either 
the high- or low-frequency side of zero beat. 
The use of a.v.c. (§ 7-13) is not generally 

satisfactory in c.w. reception because the re-
ceiver gain rises in the spaces between the 
dots and dashes, giving an increase in noise in 
the same intervals, and because the rectified 
beat-oscillator voltage in the second detector 
circuit also operates the a.v.c. circuit. This gives 
a constant reduction in gain and prevents util-
ization of the full sensitivity of the receiver. 
Hence, the gain preferably should be manually 
adjusted to give suitable audio-frequency output. 
To avoid overloading in the i.f. circuits, it is 

usually better to control the i.f. and r.f. gain 
and keep the audio gain at a fixed value than to 
use the a.f. gain control as a volume control 
and leave the r.f. gain fixed at its highest level. 
Tuning with the crystal filter — If the re-

ceiver is equipped with a crystal filter the tun-
ing instructions in the preceding paragraph 
still apply, but more care must be used both in 
the initial adjustment of the beat oscillator and 
in tuning. The beat oscillator is set as described 
above, but with the crystal filter in operation 
and adjusted to its sharpest position, if vari-
able selectivity is available. The initial adjust-
ment should be made with the phasing control 
( § 7-11) in the intermediate position. After it is 
completed, the beat oscillator should be left set 
and the receiver tuned to the other side of zero 
beat (audio-frequency image) on the same 
carrier to give a beat note of the same tone. 
This beat will be considerably weaker than the 
first, and may be " phased out" almost com-
pletely by careful adjustment of the phasing 
control. This is the adjustment for normal 
operation; it will be found that one side of zero 
beat has practically disappeared, leaving maxi-
mum response on the desired side. 
An interfering signal having a beat note 

differing from that of the a.f. image can be 
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Fig. 734 — I.f. noise-silencing circuit. The plate supply 
should be 230 volts. Typical values for components are: 
Ci — 50-250 mad. (use smallest value possible without 

r.f. feedback). 
C2 — µpa R2 — 5000-ohm variable. 
C3 — 0.1 µfil. 113 — 20,000 ohms. 
Ri — 0.1 inegolirn. R4, Rs — 0.1 megohm. 
Ti — Special i.f. transformer for noise rectifier. 

similarly phased out, provided its carrier fre-
quency is not too near the desired carrier. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to " run to-
gether." This, plus the fact that tuning is 
quite critical with extremely high selectivity, 
may make it desirable to use somewhat less 
selectivity in ordinary operation. However, it 
must be emphasized that, to realize the benefits 
of the crystal filter in reducing interference, it 
is necessary to do all tuning with it in the 
circuit. Its selectivity is so high that it is 
almost impossible to find the desired station 
quickly, should the filter be switched in only 
when interference is present. 
'Phone recept• • — In reception of 'phone 

signals, the normal procedure is to set the r.f. 
and i.f, gain at maximum, switch on the a.v.c., 
ami use the audio gain control for setting the 
volume. This insures maximum effectiveness of 
the a.v.c. system in compensating 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.v.e:, 
in which ease the weaker station will prac-
tically disappear because of the reduced gain. 
ln this case better reception may result if the 
a.v.e. is switched off, using the manual r.f. 
gain control to set the gain at a point which 
prevents " blocking" by the stronger signal. 
A crystal filter will do much toward reducing 

interference in 'phone reception. Although the 
high selectivity cuts sidebands (§ 7-11) and 
thereby reduces the audio output, especially at 
the higher audio frequencies, it is possible to 
use quite high selectivity without destroying 
intelligibility even though the " quality" of the 
transmission may suffer. As in the case of c.w. 
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 dif-
ference. Such a heterodyne can be reduced by 
adjustment of the phasing control in the crystal 
filter. It cannot be prevented in a " straight" 
superheterodyne having no crystal filter. 
A tone control often will be of help in reduc-

ing the effects of high-pitched heterodynes, 
sideband splatter (§ 5-2) and noise, by cutting 
off the higher audio frequencies. This, like side-
band cutting with high selectivity, causes some 
reduction in 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 transmitting sta-
tion, 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's, heterodyne beat note with the 
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desired signal and is actually on the same 
frequency, the beat note will not change as the 
receiver is tuned through the signal; but if the 
interfering 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 u crystal filter with the beat 
oscillator on, an image will peak on the side of 
zero beat opposite that on which the desired 
signal peaks. 
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 con-
trol will suffice for a given change in beat note 
than is necessary with legitimate signals. 

7-17 Servicing Superheterodyne 
Receivers 

Troubleshooting — Two basic methods 
are employed. One is the " point-by-point" 
system of static analysis, requiring chiefly a 
multirange volt-oh m-milliammeter. Begin-
ning at the power transformer, the operating 
voltages at each point in the circuit are meas-
ured. Abnormally low or high voltages, or the 
absence of indication at a given point in the 
circuit, presumably indicate a defective com-
ponent at that point. The analysis may then 
be completed with the aid of the ohmmeter and 
a little deduction, ending with repair or re-
placement of unserviceable components. 
An alternative method, commonly employed 

by professional radio servicemen, is that of 
"dynamic" or " channel" analysis. The prin-
ciple is that of applying a test signal to the 
r.f. input and tracing it stage-by-stage through 
the receiver. The r.f. and i.f, stages are checked 
by tuned amplifiers feeding a linear detector 
which operates an indicator such as vacuum-
tube voltmeter, electron-ray voltmeter, or 
cathode-ray tube. A probe on the end of a 
shielded lead with a very small condenser 
(1-2 pad.) in series is used to pick up the 
signal in the output of any stage, and the tuned 
amplifiers are adjusted to the frequency of the 
stage. Thus the presence or absence of the 
signal at any point in the receiver may be de-
termined, as well as the relative level. 

alignment — A calibrated signal gen-
erator or test oscillator is a practical necessity 
for initial alignment of an i.f. amplifier. Some 
means for measuring the output of the receiver 
also is needed. If the receiver has a tuning 
meter, its indications will serve for this pur-
pose. Alternatively, if the signal generator is 
of the modulated type, an a.c. output meter 
(high-resistance voltmeter with copper- oxide 
rectifier) can be connected across the primary 
of the output transformer, or from the plate of 

the last audio amplifier through a 0.1-pfd. 
blocking condenser (§ 2-13) to the receiver 
chassis. The intensity of sound from the 
loudspeaker can be judged by ear, if no output 
meter is available, but this method is not as 
accurate as those using instruments. 
The procedure is as follows: The test oscil-

lator is adjusted to the desired intermediate 
freqüency, and the " hot" or ungrounded out-
put lead is clipped on the grid terminal of the 
last i.f. amplifier tube. The grounded lead is 
connected to the receiver chassis. The trim-
mer condensers of the transformer feeding the 
second detector are then adjusted for maxi-
mum signal output. The hot lead from the 
generator is next clipped on the grid of the 
next-to-last i.f. tube, and the second from last 
i.f. transformer is brought into alignment by 
adjusting its trimmers for maximum output. 
This process is continued, working back from 
the second detector, until all of the i.f. trans-
formers have been aligned. It will be necessary 
to reduce the output of the signal generator as 
more of the i.f. amplifier is brought into use, 
because the increased gain otherwise may cause 
overloading and consequent inaccurate results. 
It is desirable always to use the minimum signal 
strength which gives useful output readings. 
The i.f. transformer in the plate circuit of 

the mixer is aligned with the signal-generator 
output lead connected to the mixer grid. Since 
the tuned circuit feeding the mixer grid is 
tuned to a considerably higher frequency, it 
can effectively short-circuit the signal-genera-
tor output, and therefore it may be necessary 
to disconnect this circuit. With tubes having a 
top grid-cap connection, t his can be done by 
simply removing the grid clip from the tube cap. 

If the tuning indicator is used as an output 
meter the a.v.c. should be on; if the audio-
output method is used, the a.v.c. should be off. 
The beat oscillator should be off in either ease. 

If the i.f. amplifier has a crystal filter, the 
filter should be switched out. Alignment is then 
carried out as described above, setting the 
signal generator as closely as possible to the 
frequency of the crystal. After alignment, the 
crystal should be switched in and the oscillator 
frequency varied back and forth over a small 
range either side of the crystal frequency 
to find its exact frequency, which will be 
indicated by a sharp rise in output. Leaving the 
signal generator set on the crystal peak, the 
i.f. trimmers may be realigned for maximum 
output. The necessary readjustment should be 
small. The signal generator frequency should 
be 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 of the 
receiver is used as a criterion of alignment. 
Lacking an it.v.c. tuning meter the trans-
formers may be aligned by ear, using a weak 
unmodulated signal adjusted to the crystal 
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peak. Switch on the beat oscillator, adjust to a 
suitable tone, and align the transformers for 
maximum audio output. 
An amplifier which is only slightly out of 

alignment, as a result of normal drift from 
temperature, humidity or aging effeets, can be 
realigned by using any steady signal, such as 
a local broadcasting station, in lieu of a test 
oscillator. Allow the receiver to warm up thor-
oughly (an hour or so), tune in the signal as 
usual, and " touch up" the i.f. trimmers. 

R.f. alignment — The objective in align-
ing the r.f. circuits in a gang-tuned receiver 
is to secure adequate tracking over each tun-
ing range. The adjustment may be carried out 
with a test oscillator of suitable frequency 
range, 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 oscillator 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 condenser 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 fre-
quency near the frequency indicated by the 
receiver dial and carefully tune the test oscil-
lator 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 condenser) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less track-
ing capacity) is required in the receiver oscil-
lator. Most commen.ial receivers provide some 
means for varying t he inductances of the coils 
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Fig. 735 — Oscilloscope Patterns of response eharacter-
ist ics on a visual curve tracer. The upper row illustrates 
various kinds of misalignment; thr liuser rim shows the 
saine stages prois'rls aligned. A, i.f, curve cif a selective 
communications-type receiver, with all transformers 
mistuned lin mie side of resonance ( rim), the 
peaks coincide miler] properl aligned, et-en though 
skirts do not itreciscl. inateh. li, at the top, a broad-
band f.in. reeeiver takers after alig utt hy the 
fixed-frequenei- and output -meter method; the linier 
curve :Anus the impros mien t caref II I visual align-
ment. the pattern of a tnednim-electii it receit er 
with transformers misaligned synintetricall on either 
side of resonanee ( top): below, the same i.f. correctly 
aligned bll ciill] the lest IlSeillai0e Wiled slightly off fre-
quency toil isplace theretiiro trace for bet ter ex: tttt i t tation. 

or the capacity of the tracking condenser, to 
permit aligning the receiver tuning with the 
dial calibration. Set the test oscillator to the 
frequency indicated by the receiver dial, and 
then adjust the tracking capacity or inductance 
of the receiver oscillator coil to obtain maxi-
mum response. After making this adjustment, 
recheck the high-frequency 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 combinatien of 
inductance and capacity is secured. In many 
cases, better over-all tracking will result if fre-
quencies near but not actually at the ends of 
the toping range are selected, instead of taking 
the extreme dial settings. 

After the oscillator range is properly ad-
justed, set the receiver and test oscillator to the 
high-frequency end of the range. Adjust the 
mixer trimmer condenser 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 set-
tings should be necessary. If it is necessary to 
increase the trimmer capacity in any circuit, 
it indicates that more inductance is needed; if 
less capacity resonates the circuit, less in-
ductance is required. 
Tracking seldom is perfect throughout a 

tuning range, so that a check of alignment at 
intermediate points in the range may show it 
to be slightly off. Normally the gain variation 
from this cause will be small, however, and it 
will suffice to bring the circuits into line at both 
ends of the range. If most reception is in a 
particular part of the range, such as an ama-
teur band, the circuits may be aligned for 
maximum performanee in that region, even 
though the ends of the frequency range as a 
whole may be slightly out of alignment. 

Visual alignment — More accurate and 
efficient alignment of receiver circuits may be 
performed with the aid of a visual curve-tracer 
or " wobbulator" which traces out the response 
curve visually on a cathode-ray oscilloscope. 
This is aceomplished by using a special signal 
generator in whieli the oscillator frequency is 
varied over a suitable range at a low audio 
rate. The horizontal sweep of the oscilloscope 
is synchronized with the rate of variation of 
the test frequency, so that the horizontal de-
flection is a function of frequency. Tice recti-
fied output of the second detector is connected 
to the vertical deflection plates of the oscillo-
scope. The spot on the screen therefore traces 
a curve proportional to the receiver response 
in terms of the instantaneous value of the os-
cillator frequency. This visual respimse curve, 
which may be ti at. of the entire receiver or of 
any stage, is c(aitinually visible as a whole. 
Thus the effeet of any adjustment of the cir-
cuits nmy be observed much more rapidly than 
is possible with att ordinary signal generator 
and out put meter, parlicidarly in the rase of 
wide-band if. circuits. 
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(A) (B) (C) 

Fig. 736—A, a typical singled race response curve of 
a selective high-fidelity if. system. B, pattern of the 
amplifier in A made highly regenerative, illustrating 
instaliil tv, C, double trace of a single overeoupled i.f. 
stage with the return trace displaced. A similar -knee" 
located lower on the skirts would indicate regeneration. 

Apparatus and methods for obtaining visual 
curve traces are described in Chapter N inei eon. 
The simplest arrangement is that which em-
ploys a reactance-tube modulated oscillator 
operating on 1000 kc., the output of which is 
combined with that front an unmodulated 
variable-tuning r.f. oscillator in a mixer tube, 
to provide :t heterodyned signal at the desired 
center frequency. 

Either '' double trace" and "single trace" 
patterns may be used. The double trace pat-
tern is obtained by applying a trianguhir 
sweep to the f.m. oscillator at a frequency half 
that of the sawtooth sweep on the horizontal 
plates of the cathode-ray tube. The return 
sweep produces a reversed pattern superim-
posed on the first, and is useful for check-
ing symmetry and frequency calibration. The 
single-trace pattern shows the same two oppo-
site-sequence resonance curves, but with the 
second curve displaced by a half cycle of the 
audio sweep frequency. It is useful in display-
ing irregularities in the pat t ern which might be 
obscured by superposition of I he traces. 
The alignment procedure follows that de-

scribed for the oscillator-output-meter method. 
Assuming a diode second detector, run a 
shielded lead to the vertical input terminals 
of the oscilloscope from the " high" side of the 
diode load resistor — usually the audio vol-
ume control. With a triode biased detector, 
the bias resistor and by-pass condenser circuit 
should be opened and the vertical terminal 
connected to the cathode of the detector tube 
across a 0.5-megohm leak to ground, by-
passed with a 250-aafd. condenser. The plate 
load should be shorted out. Tuts will make the 
resonance patterns appear upside down, but 
does not change their interpretation. 
The r.f. output from the mixer should con-

nect directly to the grid of the last i.f. tube. 
Add the i.f. frequency to 1000 kc. and set the 
unmodulated signal generator to this fre-
quency. For example, if the i.f. is 465 kc., set 
the a.m. signal generator to 1165 kc. At the 
usual bandwidth of 30 ke., thé signal at the 
grid of the last i.f. stage will swing from 450 ke. 
to 480 kc. and back. If the signal generator is 
set to the exact i.f., a double-trace pattern 
should appear on the screen. Center this pat-
tern with the oscilloscope sweep vernier. Ad-
just the if. trill-liners until these peaks coincide. 
For single-trace analysis, the oscilloscope sweep 
frequency should be reduced one half. 

(A) (B) 

To align the next i.f. stage, move the r.f. 
output lead to the grid of the tube and adjust 
tint next i.f. transformer. It may be necessary 
to readjust the output transformer after this 
operation. When aligning triple-tuned or high-
fidelity if. circuits, it. is most important that 
the peaks in the double pattern coincide and 
have nearly equal amplitude. 
To align the r.f. and mixer input circuits, 

the variable-frequency signal generator should 
be set to a frequency which, by addition to 
1000 kc., produces the desired r.f. signal fre-
quency. As each stage is added, the output 
level must be reduced to keep the pattern on 
the screen. To avoid overloading, only enough 
signal should be used to overcome local inter-
ference. Adjust the r.f. trimmers for maxinnun 
vertical amplitude of the pat tern, as with an 
output eineter. Dial calibration can be checked 
by setting the test oscillator on frequeney 
and adjusting the ha. oscillator trimmer in the 
receiver to center the pattern On I he sereen. 

(C) 
'Fig. 737 — Ite,romse carves or a superheterodyne with 
ce-stal filter (made at a very be repetill,01 rate). A, 
erstal in "broad" position. phasing ', nitro' at center. 

plia,ing control set plave the rejection slot ten low-
frequency side. C, meth slot ou high-frequency side. 

Oscillation in rtf. or i.f. amplifiers— Os-
eillatitm in high-frequency amplifier :inch mixer 
circuits may be evidenced by squeals or 
"birdies" as the tuning is varied, or by com-
plete lack of :twinge out if Idle oscillation is 
strong enough to cause the a..v.e. system to 
reduce the receiver gain drastically. Oscillation 
can be caused by poor connections in the com-
mon ground circuits, especially to the tuning-
condenser rotors. Inadequate or defect ive by-
pass condensers in cathode, plate and screen-
grid circuits also can cause such oseillaticm. In 
some cases it may be advisable to provide a 
shield between the stators of pre-r.f. amplifier 
and first-detector enged tuning condensers, in 
addition to the usual tube and interstage shield-
ing. A metal tube with an ungrounded shell 
will cause trouble. Improper screen-grid volt-
age, resulting from a shorted or too-low screen-
grid series resistor, also may be responsible 
for such instability. 

Oscillation in the if. circuits is independent 
of high-frequency tuning, and is indieated by 
a continuous squeal which appears when the 
gain is advanced with the c.w. beat oscillator 
on. It can result from similar defects in U. 
amplifier circuits. Inadequate cathode by-pass 
capacitance is a common cause of such oscilla-
tion. An additional by-pass condenser of 0.1 
to 0.25 !dd. usually will remedy the trouble. 
Similar treatment can be applied tr) the screen-
grid and plate by-pass filters of i.f. stages. 
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Instability —" Birdies" or a mushy hiss 

occurring with tuning of the high-frequency 
oscillator may indicate that the oscillator is 
"scplegging" or oscillating simultaneously at 
high and low frequencies (§ 7-4). This may be 
caused by a defective tube, too-high oscillator 
plate or screen-grid voltage, excessive feed-
back, or too-high grid-leak resistance. 
A varying beat note in c.w. reception indi-

cates instability in either the h.f. oscillator or 
beat oscillator, usually the former. The stabil-
ity of the beat oscillator can be checked by in-
troducing a signal of intermediate frequency 
(from a test oscillator) into the i.f. amplifier; 
if the beat note is unstable, the trouble is in 
the beat oscillator. Poor connections or defec-
tive parts are the likely cause. Instability in 
the high-frequency oscillator may be the result 
of poor circuit design (§ 7-10), loose connec-
tions, defecti ve tubes or circuit components, or 
poor voltage regulation in the oscillator plate 
and/or screen supply circuits. Mixer pulling of 
the oscillator circuit (§ 7-9) also will cause the 
beat-note to " chirp" on strong c.w. signais be-
cause the oscillator load changes slightly. 

In ' phone reception with a.v.c., a peculiar 
type of instability (" motorboating") may ap-
pear if the h.f. oscillator frequency is sensitive 
to changes in plate voltage. As the a.v.c. 
voltage rises the electrode currents of the con-
trolled tubes decrease, decreasing the load 
on the power supply and causing its output 
voltage to rise. Since this increases the voltage 
applied to the oscillator, its frequency changes 
correspondingly, throwing the signal off the 
peak of the i.f, resonance curve and reducing 
the a.v.c. voltage, thus tending to restore the 
original conditions. The process then repeats 
itself, at a rate determined by the signal strength 
and the time constant of the power-supply 
circuits. This effect is most pronounced with 
high i.f. selectivity, as when a crystal filter is 
used, and can be cured by making the oscillator 
relatively insensitive to voltage changes and by 
regulating the plate voltage supply (§7-1o). 

IF Frans 
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(I. 7-18 Reception of Frequency-
Modulated Signals 

F.m. receivers— A frequency-modulation 
receiver differs in circuit design from one 
designed for amplitude modulation chiefly in 
the arrangement used for detecting the signal. 
Detectors for amplitude-modulated signals do 
not respond to frequency modulation. It is also 
necessary, for full realization of the noise-re-
ducing benefits of the f.m. system, that the 
signal applied to the detector be completely 
free from amplitude modulation. In practice, 
this is attained by preventing the signal from 
rising above a given amplitude by means of a 
limiter (§ 3-10, 7-15). Since the weakest signal 
must be amplitude-limited, high gain must be 
provided ahead of the limiter; the superhetero-
dyne type of circuit almost invariably is used 
to provide the necessary gain. 
The r.f. and i.f. stages in a superheterodyne 

for f.m. reception are practically identical in 
circuit arrangement with those in an a.m. 
receiver. Since the use of fan. is confined to the 
very-high frequencies (above 28 Mc.) a high 
intermediate frequency is employed, usually 
between 4 and 5 Mc. This not only reduces 
image response but also provides the greater 
band-width necessary to accommodate wide-
band frequency-modulated signals. 
Receiver requirements— The primary re-

quirements are sufficient r.f. and i.f. gain to 
"saturate" the limiter even with a weak 
signal, sufficient band-width (§ 7-2) to ac-
commodate the full frequency deviation either 
side of the carrier frequency without undue 
attenuation at the edges of the band, a limiter 
circuit which functions properly on both rapid 
and slow variations in amplitude, and a detec-
tor which gives a linear relationship between 
frequency deviation and amplitude output. The 
audio circuits are the same as in other receivers 
(§ 7-5), except that in communications-type 
receivers it is desirable to cut off the upper 
audio range by a low-pass filter (§ 2-11) be-
cause higher-frequency noise components have 
the greatest amplitude in an f.m. receiver. 
The limiter — Limiter circuits generally are 

of the plate-saturation type (§ 7-15), where low 
plate and screen voltage are used to limit the 
plate-current flow at high signal amplitudes. 
Fig. 738-A is a typical circuit. The tube is self-
biased (§ 3-6) by a grid leak, RI, and condenser, 
C1. R2, R3 and R4 form a voltage divider 

Fig. 738 — F.m. limiter circuits. A, single-tube pinte. 
saturation limiter; B, cascade limiter. Typical values are: 

Circuit A Circuit B 

C: — 100aatd. 100 aafd. 
IF liens Cl, C3 — 0.1 pfd. 0.1 µfii. 

,utel hi — 0.1 megolim. 50.000 ohms. 
112— 2000 ohms. 2000 ohms. 

C4 --- 250 pmfd. 

R3— 50,000 ohms. 50,000 (linos. 
114 — 0-50,000 ohms. 0-50,000 ohms. 

3 Rs — 4000 ohms. 
Ro — 0.2 megohm. 

Plate-supply voltage is 250 in both circuits. 
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(§ 8-10) which puts the desired voltages on the 
screen and plate. The lower the voltages the 
lower the signal level at which limiting occurs, 
but the r.f. output voltage of the limiter also 
is lower. Cg and Cg are the plate and screen 
by-pass condensers, of conventional value for 
the intermediate frequency used. The time 
constant (§ 2-0) of RIC' determines the be-
havior of the limiter with respect to rapid and 
slow amplitude variations. For best operation 
on impulse noise (§ 7-15) the time constant 
should be small, but a too-small time constant 
limits the range of signal strengths the limiter 
can handle without departing from the con-
stant-output condition. A larger time constant 
is better in this respect but is not so effective 
for rapid variations. Compromise constants 
are shown in Fig. 738. 
The cascade limiter, Fig. 738-B, overcomes 

this by making the time constant in the first 
grid circuit suitable for effective operation on 
impulse noise, and that in the second grid 
(C4R6) optimum for a wide range of input sig-
nal strengths. This results, in addition, in more 
constant output over a very wide range of in-
put signal amplitudes because the voltage at 
the grid of the second stage already is par-
tially amplitude-limited. Resistance coupling 
(R5C4R6) is used for simplicity and to prevent 
unwanted regeneration, additional gain at this 
point being unnecessary. 
The rectified voltage developed across R1 in 

either circuit may be applied to the i.f. ampli-
fier for a.v.c. (§ 7-13). 

Discriminator circuits and operation— 
The f.m. detector commonly is called a dis-
criminator, because of its ability to discrimi-
nate between frequency deviations above and 
those below the carrier frequency. 
A rectifier connected to an ordinary tuned 

circuit • adjusted so that the signal frequency 
falls on one side of the response curve consti-
tutes an elementary discriminator, because the 
rectifier output will vary with a change in the 
carrier frequency. If two such circuits are used 
with a balanced rectifier, one tuned above and 
the other below the signal frequency, ampli-
tude variations are balanced out and the com-
bined rectified current is proportions) to the 
frequency deviation. 
The circuit most widely used is the " series" 

or center-tuned discriminator shown in Fig. 
739-A. A special if. coupling transformer is 
used between the limiter and detector. Its 
secondary, Lt, is center-tapped and is con-
nected back to the plate side of the primary 
circuit, which otherwise is conventional. C4 is 
the tuning condenser. The load circuits of the 
two diode rectifiers (RICIR2C2) are connected 
in series; constants are the same as in ordinary 
diode detector circuits (§ 7-3). Audio output 
is taken from across the two load resistances. 
The primary and secondary circuits are both 

adjusted to resonance in the center of the i.f. 
pass-band. The voltage applied to the rectifiers 
consists of two components, that induced in the 

an] e2) /73 

Fig. 739 — F.m. discriminator circuits. In both circuits 
typical values for C1 and C2 are NO pad. each; R1 and 
Ra, 0.1 me gohm each. C3 in A is approximately SO 
dependin g upon the intermediate frequency; RFCehould 
be of a type designed for the i.f. in use (2.5 mh. is satis-
factory for i.f.s of 4 to S Mc.). In either circuit the 
ground may be moved from the lower end of Cl to the 
junction of CI and Cl, for push-pull audio output. 

secondary by the inductive coupling and that 
fed to the center of the secondary through Cg. 
The phase relations between the two are such 
that at resonance the rectified load currents 
are equal in amplitude but flow in opposite 
directions through R1 and Rg, hence the net 
voltage across the terminals marked "audio 
output" is zero. When the carrier deviates 
from resonance the induced secondary current 
either lags or leads, depending upon whether 
the deviation is to the high- or low-frequency 
side, and this phase shift causes the induced 
current to combine with that fed through Cg 
in such a way that one diode gets more voltage 
than the other when the frequency is below 
resonance, while the second diode gets the 
larger voltage when the frequency is higher 
than resonance. The voltage appearing across 
the output terminals is the difference between 
the two diode voltages. Thus a characteristic 
like that of Fig. 740 results, where the net 
rectified output voltage has opposite polarity 
for frequencies on either side of resonance, and 
up to a certain point becomes greater in ampli-
tude as the frequency deviation is greater. The 
straight-line portion of the curve is the useful 
detector characteristic. The separation be-
tween the peaks which mark the ends of the 
linear portion of the curve depends upon the 
Qs of the primary and secondary circuits and 
the degree of coupling. The separation becomes 
greater with low Qs and close coupling. The 
circuit ordinarily is designed so that the peaks 
fall just outside the limits of the pass-band, 
thus utilizing most of the straight portion of 
the curve. Since the audio output is propor-
tional to the change in d.c. voltage with devia-
tion, it is advantageous for maximum output 
to keep the frequency separation between peaks 
down to the minimum value necessary for a 
linear characteristic. 
A second type of discriminator is shown in 

Fig. 739-B. Two secondary circuits are used, 
one tuned above the center frequency of the 
i.f. pass-band and the other below. They are 
coupled equally to the primary, which is tuned 
to the center frequency. As the carrier fre-



174 chapter Seven 

Fist 710 — Character. 
itic of a typical rm. 
tic I twiny*. Thr vertical 
axis represents the 
voltage developed 
acro.s the load resistor 
as the frequency va-
ries froto the exact 
resonance frequency. 
This detector v.ould 
handle f.m. signals up 
to a band-widtb of 
150 kr. over the linear 
por t i llll of the curve. 

q tency deviates the v aages induced in the 
secondaries will change "n amplitude, the larger 
voltage appearing across the seeondary being 
nearer resonance with the instantaneous fre-
quency. The detection characteristic is similar 
to that of the center-tuned diseriminator. The 
peak separation is determined by the Qs of the 
circuits, the coefficient of cwipling, and the 
tuning of the seeondaries. High (Ja and loose 
coupling are required for close peak separation. 
A simple self-quenched superregenerative 

receiver may be used as a frequency detector if 
it is tuned so that the carrier frequency falls 
along the slope of the resonance curve. Two 
such detectors, off-tuned on either side of the 
carrier, may be used in push-pull. An alterna-
tive arrangement employing a superregenera-
tive stage as et first if. amplifier at 75 Me., fol-
lowing a converter unit, provides high gain 
and linear response wit It relatively few stages. 
Fan. receiver alignment — Alignment of 

f.m. receivers up to the limiter is carried out as 
described in § 7-17. For output measurement, 
a 0-1 millianuneter or 0-500 microammeter 
should be connected in series with the limiter 
grid resistor ( lli in Fig. 733) at the grounded 
end; or, if the voltage drop across RI is used 
for a.v.e, and the receiver is provided with a 
tuning meter (§ 7-13), the tuning meter may be 
used as an output meter. An accurately cali-
brated signal generator or test oscillator is 
desirable, since the i.f, should be aligned to be 
as symmetrical as possible; that is, the output 
reading should be the same for any two test 
oscillator settings the saine number of kilo-
cycles above or below resonanee. It is not nec-
essary to have uniform response over the whole 
band to be received, although the output at the 
edges of the band ( limit of deviation (§ 5-11) 
of the transmitted signals) should not be less 
than 25 per cent of the voltage at resonance, in 
communications work, a band-width of 30 kc. or 
less ( 15 kc. or less deviation) is commonly used. 
Output readings should be taken with the os-
cillator set at intervals of a few kilocycles 
either side of resonance up to the band limits. 

After the i.f. (and front-end) alignment, the 
limiter operation should be (locked. This can 
be done by temporarily disconnecting C3, if 
the discriminator circuit of Fig. 739-A is used, 
disconnecting RI and CI on the cathode side, 
and inserting the milliammeter or micro-
ammeter in series with R2 at the grounded end. 
This converts the discriminator to an ordinary 

diode rectifier. Varying the signal-generator 
frequency over the channel, with the dis-
criminator transformer adjusted to resonance, 
should show no change in output (at the band-
widths used for communications purpos('s) as 
indicated by the rectified current read by the 
meter. At this point various plate and screen 
voltages can be tried on the limiter tube or 
tubes, to determine the set of conditions which 
gives maximum output with adequate limiting 
(no change in rectified current). 
When the limiter has been checked the 

discriminator connections can be restored, 
leaving the meter connected in series with Rt. 
Provision should be made for reversing the 
connections to the meter terminals, to take 
care of the reversal in polarity of the net recti-
fied current. Set the signal generator to the 
center frequency of the band and adjust the 
discriminator transformer trimmer condensers 
to resonance, which will be indicated by zero 
rectified current. Then set the test oscillator at 
the deviation hunt (§ 5-11) on one side of the 
center frequency, and note the meter reading. 
Reverse the meter terminals and set the test 
oscillator at the deviation limit on the other 
side. The two readings should be the saine. If 
they are not, they can be inade so by a slight 
adjustment of the primary trimmer. This will 
necessitate rechecking the response at reso-
nance to make sure it is still zero. Generally, 
the secondary trimmer will chiefly affect the 
zero-response frequency, while the primary 
trimmer will have most effect on the symmetry 
of the discriminator peaks. A detector curve 
having satisfactory linearity can be obtained 
by cut-and-try adjustment of both trimmers. 

Fig. 741— Oscil-
loscope Patterns in 
fan. 1.1. alig 'ii t. 
A- 1.f. amplifier 
response. B — 
Over-all charac-
teristic through 
the f.m. detector. (A) (B) 
A visual curve tracer is particularly ad-

vantageous in aligning the wide-band i.f. 
amplifiers of f.m. receivers. The i.f. is first 
aligned with the discriminator circuit con-
verted into an a.in. diode detector, as described 
above, the pattern appearing as in Fig. 741-A. 
The over-all characteristic, including the f.m. 
detector, is shown in Fig. 741-B. 
Tuning and operation — An f.m. receiver 

gives greatest noise reduction when the carrier 
is tuned exactly to the center of the receiver 
pass-band and to the punit of zero response in 
the discriminator. Because of the decrease in 
noise, this point is readily recognized. 
When an amplitude-modulated signal is 

tuned ht its modulation practically disappears 
at exact resonance, only those nonsymmetrical 
modulation components which may be present 
being detected. lf the signal is to one side or 
the other of resonance, however, it is capable of 
causing interference to an f.m. signal. 
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IT 8-1 Power-Supply Requirements 

Fikinient .supply — Except for tubes de-
signed for battery operation, the filaments or 
heaters of vacuum tubes used in both trans-
mitters and receivers are universally operated 
on alternating current obtained from the power 
line through a step-down transformer (§ 2-9) 
delivering a secondary voltage equal to the 
rated voltage of the tubes used. The trans-
former should be designed to carry the current 
taken by the number of tubes which may be 
connected in parallel (§ 2-6) across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit 
for eliminating hum (§ 3-6). 

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, 
installed near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without. 
appreriaide voltage drop. Maintenance of 
rated filament voltage is highly important, 
especially with thoriated-filament tubes, since 
under, or over-v,dtage may reduce filament life. 

Plate supply— Direct current must be used 
for the plates of tubes, since any variation in 
plate current arising from power-supply causes 
will be superimposed on the signal being re-
ceived or transmitted, giving an undesirable 
type of modulation (§ 5-1) if the variations 
occur at an audio-frequency (§ 2-7) rate. Un-
varying direct current is called pure d.c., to 
distinguish it from current which may be uni-
directional but of pulsating character. The use 
of pure d.c. on the plates of transmitting tubes 
is rnqiiirpd by FCC regulations on all frequen-
cies below 60 Mc. 

Sources of plate power— D.c. plate power 
is usually obtained from rectified and filtered 
alternating current, but in low-power and 
portable installations may he secured from 
batteries. Dry batteries may be used for very 
low-power portable equipment, but in many 
cases a storage battery is used as the primary 
power source, in conjunction with an inter-
rupter giving pulsating d.c. which is applied to 
the iirimary of a st(.p-up transformer t§s-10). 

Rectified-a.c. supplies— Since the power-
line voltage () JAM :oily is 115 or 230 volts, a 
step-up traiisfiolner t§ 2-9i is used to obtain 
the desired vidtage for the plates of the tubes 
in the equipment.. The alternating secondary 
current is changed to unhlirectional current 
by means of diode rectifier tubes (§ 3-1), and 
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then passed through an inductance-capacity 
filter (§ 2-11) to the load circuit. The load re-
sistance in ohms is equal to the d.c. output 
voltage of the power supply divided by the 
current in amperes (Ohm's Law, § 2-6). 

Voltage regulation— Since there is always 
some resistance in power-supply circuits, and 
since the filter normally depends to a consider-
able extent upon the energy storage of induc-
tance and capacity (§ 2-3, 2-5), the output 
voltage will depend upon the current drain on 
the supply. The change in output voltage with 
change in load current is called the collage 
regulation. It is expressed as a percentage: 

100 (El  — E2) 
t,',10 Regulation — 

E2 

where E1 is the no-load voltage ( no current in 
the load circuit) and E2 the full-load voltage 
(rated current in load circuit). 

(i 8-2 Rectifiers 

Purpose and ratings— A rectifier is a 
device which will comluct current only in one 
direction. The diode tube (§ 3-0 is used al-
most exclusively for rectification in d.c. power 
supplies used with radio equipment. The im-
portant characteristics of tubes used as power-
supply rectifiers are the voltage drop between 
plate and cathode at rated current, the maxi-
mum permissible inverse peak voltage, and 
the permissible peak plate current. 

Voltage drap — Tube voltage drop depends 
upon the type of tube. In vacuum-type recti-
fiers it increases with the current flowing be-
cause of space-charge effeet (§ 3-1), but can be 
minimized by using very small spacing between 
plate and cathode as is done in some rectifiers 
for receiver power supplies. Mercury-vapor 
rectifiers (§ 3_5) have nconstant drop of about 
15 volts, regardless of current. This is muelt 
smaller than the voltage drops encountered in 
vacuum-type rectifiers. 

Inverse peak voltage — Titis is the maxi-
mum voltage developed between the plate and 
cathode of the rectifier when the tube is not 
conducting; i.e., when the plate is negative 
with respect to the cathode. 
Peak plate current — This is t he maximum 

instes nia ¡beaux current throttgh the rectifier. lt 
can never be smaller than the load current in or-
dinary circuits, and may be several times higher. 
Operation of mercury-vapor rectifiers — 

Because of its constant. voltage drop, the mer-
eury-vapor rectifier is more susceptible to 
(lainage than the vacuum type. With the 
latter, the increase in voltage drop tends to 
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limit current flow on heavy overloads, but the 
mercury-vapor rectifier does not have this 
limiting action and the cathode may be dam-
aged under similar conditions. 

In mercury-vapor rectifiers a phenomenon 
known as " arc-back," or breakdown of the 
mercury vapor and conduction in the opposite 
direction to normal, occurs at high inverse 
peak voltages, hence such tubes always should 
be operated within their inverse-peak voltage 
ratings. Arc-back also may occur if the cathode 
temperature is below normal; therefore the 
heater or filament voltage should be checked 
to make sure that the rated voltage is applied. 
This check should be made at the tube socket, 
to avoid errors caused by voltage drop in the 
leads. For the same reason, the cathode should 
be allowed to come up to its final temperature 
before plate voltage is applied; the time re-
quired for this is of the order of 15 to 30 sec-
onds. When a tube is first installed, or is put 
into service after a long period of idleness, the 
cathode should be heated for a period of 10 
minutes or so before application of plate 
voltage. 

41 8-3 Rectifier Circuits 

Half-wave rectifiers — The simple diode 
rectifier (§ 3-1) is called a half-wave rectifier, be-
cause it can pass only half of each cycle of al-
ternating current. Its circuit is shown in Fig. 
801-A. At the top of the figure is a representa-
tion of the applied a.c. voltage, with positive 
and negative alternations (§ 2-7) marked. 

(A) 

(B) 

(C) 

rA\ 7-A\ fA\ 

f/1\ AV-AV-8\ TAVI-it\ 

Fig. 801 — Fundamental vacuum-tube rectifier circuito. 

When the plate is positive with respect to 
cathode, plate current flows through the load 
as indicated in the drawing at the right, but 
when the plate is negative with respect to cath-
ode no current flows. This is indicated by the 
gaps in the output drawing. The output cur-
rent is unidirectional but pulsating. 

In this circuit the inverse peak voltage is 
equal to the maximum transformer voltage, 
which in the case of a sine wave is 1.41 times 
the r.m.s. voltage (§ 2-7). 

Full-wave center-tap rectifier — Fig. 801-
B shows the " full-wave center-tap" rectifier 
circuit, so called because both halves of the a.c. 
cycle are rectified and because the transformer 
secondary winding must consist of two equal 
parts with a connection brought out from the 
center. When the upper end of the winding is 
positive, current can flow through rectifier No. 
1 to the load; this current cannot pass through 
rectifier No. 2 because its cathode is positive 
with respect to its plate. The circuit is com-
pleted through the transformer center-tap. 
When the polarity reverses the upperend of the 
winding is negative and no current can flow 
through No. 1, but the lower end is positive and 
therefore No. 2 passes current to the load, the 
return connection again being the center-tap. 
The resulting waveshape is shown at the right. 

Since the two rectifiers are working alter-
nately in this circuit, each half of the trans-
former secondary must be wound to deliver the 
full-load voltage; hence the total voltage across 
the transformer terminals is twice that required 
with the half-wave rectifier. Assuming negligi-
ble voltage drop in the particular rectifier 
which may be conducting at any instant, the 
inverse peak voltage on the other rectifier is 
equal to the maximum voltage between the 
outside terminals of the transformer. In the 
case of a sine wave, this is 1.41 times the total 
secondary r.m.s. voltage (§ 2-7). 

Because energy is delivered to the load at 
twice the average rate as in the case of a half-
wave rectifier, each tube carries only half the 
load current. 
The bridge rectifier — The " bridge" type 

of full-wave rectifier is shown in Fig. 801-C. 
Its operation is as follows: When the upper 
end of the winding is positive, current can flow 
through No. 2 to the load but not through 
No. 1. On the return circuit, current flows 
through No. 3 by way of the lower end of the 
transformer winding. When the polarity re-
verses and the lower end of the winding be-
comes positive, current flows through No. 4 
and the load and through No. 1 by way of the 
upper side of the transformer. The output 
waveshape is shown at the right. 
The inverse peak voltage is equal to the 

maximum transformer voltage, or 1.41 times 
the r.m.s. secondary voltage in the case of a 
sine wave (§ 2-7). Energy is delivered to the 
load at the same average rate as in the case of 
the full-wave center-tap rectifier, each pair of 
tubes in series carrying half the load current. 
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Purpose of filter — As shown in Fig. 801, the 

output of a rectifier is pulsating d.c., which 
would be unsuitable for most vacuum-tube 
applications (§ 8-1). A filler is used to smooth 
out the pulsations so that practically unvary-
ing direct current flows through the load cir-
cuit. The filter utilizes the energy-storage 
properties of inductance and capacity (§ 2-3, 
2-5), by virtue of which energy stored in elec-
tromagnetic and electrostatic fields when the 
voltage and current are rising is restored to 
the circuit when the voltage and current fall, 
thus filling in the " gaps" or " valleys" in the 
rectified output. 

Ripple voltage and frequency— The pul-
sations in the output of the rectifier can be 
considered to be caused by an alternating 
current superimposed on a steady direct cur-
rent (§ 2-13). Viewed from this standpoint, 
the filter may be considered to consist of by-
pass condensers which short-circuit the a.c. 
while not interfering with the flow of d.c., and 
chokes or inductances which permit d.c. to 
flow through them but which have high re-
actance for the a.c. (§ 2-13). The alternating 
component is called the ripple. The effective-
ness of the filter may be measured by the per 
cent ripple, which is the r.m.s. value of the 
a.c. ripple voltage expressed as a percentage 
of the d.c. output voltage. With an effective 
filter, the ripple percentage will be low. Five 
per cent ripple is considered satisfactory for c.w. 
transmitters, but lower values (of the order of 
0.25 per cent) are necessary for hum-free speech 
transmission and for receiver plate supplies. 
The ripple frequency depends upon the line 

frequency and the type of rectifier. In general, 
it consists of a fundamental plus a series of 
harmonics (§ 2-7), the latter being relatively 
unimportant since the fundamental is hardest 
to smooth out. With a half-wave rectifier, the 
fundamental is equal to the line frequency; 
with a full-wave rectifier, the fundamental is 
equal to twice the line frequency, or 120 cycles 
in the case of a 60-cycle supply. 

Types of filters — Inductance-capacity fil-
ters are of the low-pass type (§ 2-11), using 
series Inductances and obtint capacitances. 
Practical filters are identified as condenser-
input and choke-input, depending upon whether 
a capacity or inductance is used as the first 
element in the filter. Resistance-capacity 
filters (§ 2-11) are used in applications where 
the current is very low and the voltage drop in 
the resistor can be tolerated. 

Bleeder resistance — Since the condensers 
in a filter will retain their charge for a consid-
erable time after power is removed (provided 
the load circuit is open at the time). it is good 
practice to connect a resistor across the output 
of the filter to discharge the condensers when 
the power supply is not in use. The resistance 
usually is high enough so that only a relatively 
small percentage of the total output current 
is consumed in it during normal operation. 

Power Supply 

Components — Filter condensers are made 
in several different types. Electrolytic con-
densers, which are available for voltages up to 
about 800, combine high capacity with small 
size, since the dielectric is an extremely thin 
film of oxide on aluminum foil. Condensers 
for higher voltages usually are made with a 
dielectric of thin paper impregnated with oil. 
The working voltage of a condenser is the volt-
age which it will withstand continuously. 

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 
permeability (§ 2-5) decreases, consequently 
the inductance also decreases. Despite the air-
gap, the inductance of a choke usually varies 
to some 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 considerably higher than the load value. 

(f. 8-5 Condenser-Input Filters 

Ripple voltage — The conventional con-
denser-input filter is shown in Fig. 802-A. No 
simple formulas are available for computing 
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(8) TWO -SECTION 
Fig. 802 — Condenser-input filter circuits. 

the ripple voltage, but it will be smaller as both 
capacity and inductance are made larger. Ade-
quate smoothing for transmitting purposes can 
be secured by using 4 to 8 pfd. at CI and C2 and 
20 to 30 henrys at LI, for full-wave rectifiers 
with 120-cycle ripple (§ 8-4). A higher ratio of 
inductance to capacity may be used at higher 
load resistances (§ 8-1). 

For receivers, as shown in Fig. 802-B, an ad-
ditional choke, 14, and condenser, C3, of the 
same approximate values, are used to give ad-
ditional smoothing. In such supplies the three 
cdndensers generally are 8 ;dd. each, although 
the input condenser, C1, sometimes is reduced 
to 4 dd. Inductances of 10 to 20 henrys each 
will give satisfactory filtering with these 
capacity values. 

For ripple frequencies other than 120 cycles, 
the inductance and capacity values should be 
multiplied by the ratio 120/F, where F is the 
actual ripple frequency: 
The bleeder resistance, R, should be chosen 

to draw 10 per cent or less of the rated output 
current of the supply. Its value is equal to 
1000E/1, where E is the output voltage and / 
the bleeder current in milliamperes. 
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Rectifier peak current— The ratio of 
rectifier peak current to average load current 
is high with a condenser-input filter. Small 
rectifier tubes designed for low-voltage sup-
plies (type 80, etc.) generally carry load-cur-
rent ratings based on the use of condenser-
input filters. With rectifiers for higher power, 
such as the 866/866-A, the load current should 
not exceed 25 per cent of the rated peak plate 
current for one tube when a full-wave rec-
tifier is used, or one-eighth the half-wave 
rating. 
Output voltage— The d.c. output voltage 

from a condenser-input supply will, with light 
loads or no load, approach the peak trans-
former voltage. This is 1.41 times the r.m.s. 
voltage (§ 2-7) of the transformer secondary, 
in the ease of Figs. 801-A and C, or 1.41 times 
the voltage from the center-tap to one end of 
the secondary in Fig. 801-B. At heavy loads, it 
may decrease to the average value of secondary 
voltage or about 90 per cent of the r.m.s. volt-
age, or even less. Because of this wide range of 
output voltage with load current, the voltage 
regulation (§ S-1) is inherently poor. 
The output voltage obtainable from a given 

supply cannot readily be calculated, since it 
depends critically upon the load current and 
filter constants. Under average conditions it 
will be approximately equal to or somewhat 
less than the r.m.s. voltage between the center-
tap and one end of the secondary in the full-
wave center-tap rectifier circuit (§ 8-3). 

Ratings of coniponen is — Because the out-
put voltage may rise to the peak transformer 
voltage at light loads, the condensers should 
have a working-voltage rating (§ 8-4) at. least 
as high and preferably somewhat higher, is ti 

safety factor. Thus, in the ease of a center-tap 
rectifier having a transformer delivering 550 
volts each side of the center-tap, the minimum 
safe condenser voltage rating will be 550 X 
1.41 or 775 volts. An 800-volt, or preferably a 
1000-volt, condenser should be used. Filter 
chokes should have the inductance specified 
at full-load current, and must have insulation 
between the winding and the core adequate to 
withstand the maximum output voltage. 

(1. 8-6 Choke-Input Filters 

Ripple voltage — The circuit of a single-
section choke-input filter is shown in Fig. 
803-A. For 120-cycle ripple, a close approxi-
mation of the ripple to be expected at the out-
put of the filter is given by the formula: 

Single } 100 
Section % Ripple = — 
Filter LC 

where is in henrys and e in pfd. The product, 
LC, must he equal to or greater ti 0(11 20 to re-
duce the ripple to 5 per eent or less. This figure 
represents, in most. cases, the eeonorniral limit 
for the single-section filter. Smaller pereent-
ages of ripple usually are more eeonomically 
obtained with the two-section filter of Fig. 

803-B. The ripple percentage ( 120-cycle ripple) 
with this arrangement is given by the formula: 

Two 650  
Section % Ripple — 
Filter Lan (C1 + C2)2 

For a ripple of 0.25 per cent or less, the de-
nominator should be 2600 or greater. 

These formulas can be used for other ripple 
frequencies by multiplying each inductance 
and cApacity value in the filter by the ratio 
120,iF, where F is the actual ripple frequency. 
The distribution of inductance and capacity 

in the filter will be determined by the value of 
input-choke inductance required (next para-
graph), and the permissible a.c. output im-
pedanee. If the supply is intended for use with 
an audio-frequency amplifier, the reactance 
(§ 2-8) of the last filter condenser should be 
small (20 per cent or less) compared to the 
other id, resistance or impedance in the cir-
cuit, usually the tube plate resistance and load 
resistance (§3-2, 3-3). On the basis of a lower 
a.f. limit of 100 cycles for speech amplification 
(§ 5-9), this condition is usually satisfied when 
the output capacity (last filter capacity) of the 
filter is 4 to S phi, the higher value being used 
for the lower tube and load resistances. 

• 
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Fig.1103— Choke-
igloo' filter circuits. 

l'Ide input choke — The reel ifier peak cur-
rent and the power-supply voltage regulatiim 
depend almost entirely upon the in of 
the input choke in relation to the load resist-
ance (§ 8-1). The function of the choke is to 
raise the ratio of average to peak current (by 
its energy storage), and to prevent the d.c. 
output voltage from rising above the average 
value (§ 2-7) of the a.c. voltage applied to the 
rectifier. For both purposes, its impedance 
(§ 2-8) to the flow of the a.c. component 
(§ 8-4) must be high. 
The value of input-choke inductance which 

prevents the d.e, output voltage from rising 
above the average of the rectified a.c. wave is 
the critical inductance. For 120-cyele ripple, it 
is given by the approximate formula: 

L Load resistance (ohms) 
crit. 

1000 

For of her ripple frequencies, the in 
required will be t he above value multiplied by 
the ratio of 120 to the aetual ripple frequeney. 
With in values less t lion 

the d.c. output. voltage will rise because the 
filter tends to act as a condenser-input filter 
(§ 8-5). With critical inductanee. the peak 
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plate current of one tube in a center-tap recti-
fier will he approximately 10 per cent higher than 
the the, load curnsut taken friim the supply. 
An inductance of twice the critical value is 

called the optimum value. This value gives a 
further reduction in the ratio of peak to aver-
age plate current, and represents the point at 
which further increase in inductance does not 
give correspondingly improved operating char-
acteristics. 
Swinging chokes— The formula for criti-

cal inductance indicates that the inductance 
required varies widely with the load resistance. 
In the case where there is no load except the 
bleeder (§ 8-4) on the power supply, the criti-
cal inductance required is highest; much lower 
values are satisfactory when the full-load cur-
rent is being delivered. Since the inductance of 
a choke tends to rise as the direct current 
flowing through it is decreased (§ 8-4), it is 
possible to effect. an economy in materials by 
designing t he choke to have a " swinging " char-
acteristic such that it has the required critical 
inductance value with the bleeder load only, 
and about the optimum inductance value at 
full load. If the bleeder resistance is 20,000 
ohms and the full-load resistance (including 
the bleeder) is 2500 ohms, a choke which swings 
from 20 henrys to 5 henrys over the full output-
current range will fulfill the requirements. 
Resonance — Resonance effects in the series 

circuit across the output of the rectifier which 
is formed by the first choke ( Li) and first filter 
condenser (C1) must be avoided, since the 
ripple voltage would build up to large values 
(§ 2-10). This not only is the opposite action 
to that for which the filter is intended, but 
also may cause excessive rectifier peak cur-
rents and abnormally high inverse peak volt-
ages. For full-wave rectification the ripple fre-
quency will be 120 cycles for a 60-cycle supply 
(§ 8-4), and resonance will occur when the 
product of choke inductance in henrys times 
condenser capacity in microfarads is equal to 
1.77. The corresponding figure for 50-cycle 
supply ( 100-cycle ripple frequency) is 2.53, and 
for 25-cycle supply (50-cycle ripple frequency), 
115. At least twice these products should be 
used to ensure against resonance effects. 
Output voltage — Provided the input-

choke inductance is at least the critical value, 
the output voltage may be calculated quite 
closely by the equation: 

E = 0 9E (/1, + IL) (RI + R2) . . g — 
1000 

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 second-
ary in the case of the center-tap rectifier); 
la and IL are the bleeder and load currents, 
respectively, in milliamperes; R1 and R2 are 
the resistances of the first and second filter 
chokes; and E, is the drop between rectifier 
plate and cathode (§ 8-2). These voltage drops 
are shown in Fig. 804. 

At no load //, is zero, hence the no-load 
voltage may be calculated on the basis of 
bleeder current only. The voltage regulation 
may be determined front the no-load and full-
load voltages (§ 8-1). 

Fig. 804 — Voltage drops in the power-supply circuit. 

Ratings of components— Because of bet-
ter voltage regulation, filter condensers are 
subjected to smaller variations in d.c. voltage 
than in the condenser-input filter (§ 8-5). How-
ever, it is advisable to use condensers rated for 
the peak transformer voltage in case the bleeder 
resistor should burn out when there is no ex-
ternal load on the power supply, since the 
voltage then will rise to the same maximum 
value as with a condenser-input filter. 
The input choke may be of the swinging 

type, the required no-load and full-load kn-
ductance values being calculated as described 
above. The second choke (smoothing choke) 
should have constant inductance with varying 
d.c. load currents. Values of 10 to 20 henrys 
ordinarily are used. Since chokes usually are 
placed in the positive leads, the negative being 
grounded, the windings should be insulated 
from the core to withstand the full d.c. output 
voltage of the supply. 

II 8-7 The Plate Transformer 

Output voltage — The output voltage of 
the plate transformer depends upon the re-
quired d.c. load voltage and the type of recti-
fier circuit. With condenser-input filters, the 
r.m.s. secondary voltage usually is made equal 
to or slightly more than the d.c. output volt-
age, allowing for voltage drops in the rectifier 
tubes and filter chokes as well as in the trans-
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap (§ 8-3). 
With a choke-input filter, the required r. 

secondary voltage (each side of center-tap 
for a center-tap rectifier) can be calculated 
by the equation: 

Eg — 1.1 [E. + I(Ri + R2) + E.] 
1000 

where E. is the required d.c. output voltage, 
/ is the load current (including bleeder current) 
in milliamperes, RI and R2 are the resistances 
of the filter chokes, and E, is the voltage drop 
in the rectifier. Ei is the full-load r.m.s. (§ 2-7) 
secondary voltage; the open-circuit voltage 
usually will be 5 to 10 per cent higher. 

Volt-ampere rating—The volt-ampere rat-
ing (§ 2-8) of the transformer depends upon 
the type of filter (condenser or choke input). 



/SO Chapter eight 
With a condenser-input filter the heating effect 
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 in-
ductance (§ 8-6), the secondary volt-amperes 
can be calculated quite closely by the equation: 

Sec. V.A. = 0.00075 El 

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 I is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt-
amperes will be 10 to 20 per cent higher because 
of transformer losses. 

41 8-8 Voltage Stabilization 

Gaseous regulator tubes — There is fre-
quent need for maintaining the voltage applied 
to a low-voltage low-current circuit (such as 
the oscillator in a superhet receiver or the fre-
quency-controlling oscillator in a transmitter) 
at a practically constant value, regardless of 
the voltage regulation of the power supply or 
variations in load current. In such applica-
tions, gaseous regulator tubes (VR105-30, 
VR150-30, etc.) can be used to good advan-
tage. The voltage drop across such tubes is 
constant over a moderately wide current 
range. The first number in the tube designa-
tion indicates the terminal voltage, the second 
the maximum permissible tube current. 
The fundamental circuit for a gaseous regu-

lator is shown in Fig. 805-A. The tube is con-
nected in series with a limiting resistor, RI, 
across a source of voltage which must be 
higher than the starting voltage, or voltage 
required for ionization of the gas in the tube. 
The starting voltage is about 30 per cent higher 
than the operating voltage. The load is con-
nected in parallel with the tube. For stable 
operation, a minimum tube current of 5 to 10 
ma. is required. The maximum permissible 
current with most typesis 30 ma.; consequently, 
the load current cannot exceed 20 to 25 ma. 
if the voltage 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 — 1000 (E, — E,) 

where R is the limiting resistance in ohms, 
E. is the voltage of the source across which the 
tube and resistor are connected, E, is the rated 
voltage drop across the regulator tube, and 
I is the maximum tube current in milliam-
peres (usually 30 ma.). 

Fig. 805-B shows how two tubes may be 

Fig. 805 — Voltage-stabilizing circuits using Vit tubes. 

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 E,. 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 20 to 25 milliamperes. 

Voltage regulation of the order of 1 per cent 
can be obtained with circuits of this type. 

Electronic voltage regulation — A voltage 
regulator circuit suitable for higher voltages 
and currents than the gaseous tubes, and also 
having the feature that the output voltage can 
be varied over a rather wide range, is shown 
in Fig. 806. A high-gain voltage amplifier tube 
(§ 3-3), usually a sharp cut-off pentode (§ 3-5) 
is connected in such a way that a small change 
in the output voltage of the power supply 
causes a change in grid bias, and thereby a cor-
responding change in plate current. Its plate 
current flows through a resistor (1-15), the volt-
age drop across which is used to bias a second 
tube — the " regulator" tube — whose plate-
cathode circuit is connected in series with the 
load circuit. The regulator tube therefore func-
tions as an automatically variable series re-
sistor. Should the output voltage increase 
slightly the bias on the control tube will become 
more positive, causing the plate current of the 
control tube to increase and the drop across 
R5 to increase correspondingly. The bias on 
the regulator tube therefore becomes more 
negative and the effective resistance of the 
regulator tube increases, causing the terminal 
voltage to drop. A decrease in output voltage 
causes the reverse action. The time lag in the 
action of the system is negligible, and with 
proper circuit constants the output voltage 
can be held within a fraction of a per cent 
throughout the useful range of load currents 
and over a wide range of supply voltages. 
An essential in this system is the use of a 

constant-voltage bias source for the control 
tube. The voltage change which appears at the 
grid of the tube is the difference between a 
fixed negative bias and a positive voltage 
which is taken from the voltage divider across 
the output. To get the most effective control, 
the negative bias must not vary with plate 
current. The most satisfactory type of bias is 
a dry battery of 45 to 90 volts, but a gaseous 
regulator tube (VR75-30) or a neon bulb of the 
type without a resistor in the base may be used 
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instead. If the gas tube or neon bulb is used, a 
negative-resistance type of oscillation (§ 3-7) 
may take place at audio frequencies or higher, 
in which case a condenser of 0.1 pfd. or more 
should be connected across the tube. A similar 
condenser between the control-tube grid and 
cathode also is frequently helpful in this respect. 
The variable resistor, R3, is used to adjust the 

"bias on the control tube to the proper operat-
ing value. It also serves as an output voltage 
control, setting the value of regulated voltage 
within the existing operating limits. 
The maximum output voltage obtainable is 

equal to the power-supply voltage minus the 
minimum drop through the regulator tube. 
This drop is of the order of 50 volts with the 
tubes ordinarily used. The maximum current 
also is limited by the regulator tube; 100 milli-
amperes is a safe value for the 2A3. Two or 
more regulator tubes may be connected in 
parallel to increase the current-carrying capac-
ity, with no change in the circuit. 

III 8-9 Bias Supplies 
Requirements— A bias supply is not called 

upon to deliver current to a load circuit, but 
simply to furnish a fixed grid voltage to set the 
operating point of a tube (§ 3-3). However, in 
most applications it is nevertheless true that 
current flows through the bias supply, because 
such supplies are used chiefly in connection 
with power amplifiers of the Class-B and 
Class-C type, where grid-current flow is a 
feature of operation (§ 3-4). In circuit design 
a bias supply resembles the rectified-a.c. plate 
supply (§ 8-1), having a transformer-rectifier-
filter system employing similar circuits. Bias 
supplies may be classified in two types, those 
furnishing only protective bias, intended to pre-
vent excessive plate current flow in a power 
tube in case of loss of grid leak bias (§ 3-6) 
from excitation failure, and those which fur-
nish the actual operating bias for the tubes. 
In the former type, voltage regulation (§ 8-1) 
is relatively unimportant; in the latter it may 
be of considerable importance. 

Fig. 806 — Electronic voltage regulator. The regulator 
tube is ordinarily a 2A3 or a number of them in parallel, 
the control tube a 6SJ7 or similar type. The filament 
transformer for the regulator tithe must be insulated for 
the plate voltage, and cannot supply current to other 
tubes when a filament-type regulator tube is used. Typi-
cal values: RI, 10,000 ohms; R2, 25,000 ohms; Ra, 10,000. 
olarn potentiometer; R4. 5000 ohms; R5, 0.5 nlegolam. 

In general, a bias supply should have well-
filtered d.c. output, especially if it furnishes 
the operating bias for the stage, since ripple 
voltage may modulate the signal on the grid 
of the amplifier tube (§ 5-1). Condenser-input 
filters are generally used, since the regulation 
of the supply is not a function of the filter. 
The constants given in § 8-5 are applicable. 

Voltage regulation — A bias supply must 
always have a bleeder resistance (§ 8-4) con-
nected across its output terminals, to provide 
a d.c. path from grid to cathode of the tube 
being biased. Although the grid circuit takes 
no current from the supply, grid current flows 
through the bleeder resistor and the voltage 
across the resistor therefore varies with grid 
current. This variation in voltage is practically 
independent of the bias-supply design unless 
special voltage-regulating means are used. 

sar..4c -c 

Fig. 807 — Supply for furnishing protective bias to a 
power amplifier. The transformer, T, should furnish peak 
voltage at least equal to the protective bias required. 

Protective bias — This type of bias supply 
is designed to give an output voltage sufficient 
to bias the tube to which it is applied at or 
near the plate-current cut-off point (§ 3-2). A 
typical circuit is given in Fig. 807. The re-
sistance, RI, is the grid-leak resistor (§ 3-6) for 
the amplifier tube with which the supply is 
used, and the normal operating bias is devel-
oped by the flow of grid current through this 
resistor. R2 is connected in series with R1 across 
the output of the supply, to reduce the voltage 
across RI, when there is no grid-current flow, 
to the cut-off value for the tube being biased. 
The value of R2 is given by the formula: 

Et — Ee 
R2 — X RI 

where Et is the output voltage of the supply 
with R2 and RI in series as a load, Ee is the 
cut-off bias, and R1 is as described above. 
When such a supply is used with a Class-0 

amplifier, the voltage across R1 from grid-
current flow will normally be higher than that 
from the bias supply itself, since the latter is 
adjusted to cut-off while the operating bias 
will be twice cut-off or higher (§ 3-4). In some 
cases the grid-leak voltage may even exceed 
the peak output voltage of the transformer 
(1.41 times half the total secondary voltage, in 
the circuit shown). The filter condensers in 
such a bias supply must, therefore, be rated to 
stand the maximum operating bias voltage on 
the Class-C amplifier, if this voltage exceeds 
the nominal output voltage of the supply. 

Voltage stabilisation — When the bias 
supply furnishes operating rather than simply 
protective bias, the value of bias voltage 
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should be as constant as pe,ssible even when 
the grid current of the biased tube varies. A 
simple method of improving bias voltage 
regulation is to make the bleeder resistance 
low enough so that the current through it from 
the supply is several times the maxilla' m gril 
current to be expected. By this means, the per-
centage variation in current is reduced. This 
method requires, however, t hat a considerable 
amount of power be dissipated in t he bleeder, 
which in turn calls for a relatively large power 
transformer and filter choke. 

Bias-voltage variation may also be reduced 
by means of a regulator tube, as shown in Fig. 
808. The regulator tube usually is a triode 
having a plate-current rating adequate to carry 
the expected grid current. It is cathode-biased 

Fig. 808 — Auto-
matic voltage reg-
ulator for bias sup-
plies. For hest 
operation the tube 
used should ht. one 
having high  
conductance ( 13-2). 

§ 3-6) by the resistor, R, which is of the order 
of several hundred thousand ohms or a few 
megolims, so that with no grid current the tube 
is biased practically to cut-off. Because of this 
high resistance, the grid current will flow 
through the plate resistance of the regulator 
tube, which is comparatively low, rather than 
through R1 and R.; hence the voltage from 
the supply, across R1 and the cathode-plate 
circuit of the regulator tube in series, can be 
considered constant. The bias voltage is equal 
to the voltage across the tube alone. When grid 
current flows, the voltage across the tube will 
tend to increase; hence the drop across RI de-
creases, lowering the bias on the regulator 
and reducing its plate resistance. This. in turn, 
reduces the tube voltage drop, and the bias 
voltage tends to remain constant over a fairly 
wide range of grid current values. 
At low bias voltages it may be necessary to 

use a number of tubes in parallel to get suffi-
cient variation of plate resistance for good 
regulating action. The bias supply must fur-
nish the required bias voltage plus the voltage 
required to bias the regulator tube to cut-off, 
considering the output bias voltage as the plate 
voltage applied to the regulator. The current 
taken from the bias supply is negligible. leg 
may be tapped to provide a range of bias volt-
ages to meet different tube requirements. 

Multistage bias supplies— Where several 
power amplifier tubes are to be biased from a 
single supply, the various bias circuits must be 
isolated by some means. If the grid currents 
of all stages should flow through a single 
bleeder resistor, a variation in grid current in 
one stage would change the bias on all, a 
condition which would interfere with effective 
adjustment and operation of the transmitter. 
When protective bias is to be furnished 

several stages, the circuit arrangement of Fig. 

ttJ 

Fig. 809 — Isolat-
ing circuit for tutu-
tilde bias supply. 

809, using rectifier tubes to isolate the individ-
ual grid-leaks of the various stages, may be 
employed. In the diagram, two type SO recti-
fiers are used to furnish bias to four stages. 
Each pair of resistors (R1R2) eonstitutes a 
separate bleeder across the bias supply. R1 is 
the grid-leak for the biased stage; leg is a drop-
ping resistor to adjust the voltage across RI 
to the cut-off value (without grid-current 
flow) for the biased tube. The values of RI and 
leg may be calculated as described in the para-
graph on protective bias. In this case, the bias 
supply should be designed to have inherently 
good voltage regulation; i.e., a choke-input 
filter with appropriate filter and bleeder con-
stants (§ 8-6) should be used, the bleeder being 
separate from those associated with the rec-
tifier tubes. When the voltage across RiR2 
rises because of grid-current flow through RI, 
the load on the supply will vary (hence the 
necessity for good voltage regulation in the 
supply), but there is no interaction of grid cur-
rents in the separate bleeders because the 
rectifiers can pass current only ill Imo direction. 
When a single supply is to furnish operating 

bias for several stages, a separate regulator-
tube circuit ( Fig. 808) may be used fur each 
one. Individual voltages for the various stages 
can be obtained by appropriate taps on R2. 

Well-regulated bias for several stages may 
be obtained by the use of gaseous regulator 
tubes. when the voltage and current ratings of 
the tubes permit their use. This is shown in 
Fig. 810. A single tube or two or more in series 
can be used to give the desired bias-voltage 
drop; the bias supply voltage must be high 
enough to provide starting volt age for the 
tubes in series. R1 is the protective resistance 
(§ 8-8); its value should be calculated for mini-
mum stable tube current. The maximum grid 
current t hat can be handled is 20 to 25 milli-
amperes with available regulator tubes. 

Fig. 810— Use of VR tubes to stabilize bias voltage. 
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(I, 8-10 Miscellaneous Power-Supply 

Circuits 
Voltage diriders — A voltage divider is a 

resistor connected across a source of voltage 
and tapped at appropriate points (§ 2-6). 
Since t he voltage at any tap depends upon the 
current drawn from the tap, the voltage regu-
lation (§ S-1) is inherently poor. Henee, a volt-
age divider is best suited to applications where 
the currents drawn are constant, or where sepa-
rate voltage-regulating circuits (§ 8-8) are used 
to compensate for voltage variations at the 
taps. 
A typical voltage-divider arrangement is 

shown in Fig. 811. The terminal voltage is E, 
and two taps are provided to give lower volt-
ages, El and E2, at currents /1 and /2 respec-
tively. The smaller the resistance between 
taps in proportion to the total resistance, the 
smaller the voltage between the taps. For con-
venience, the voltage divider in the figure is 
considered to be made up of separate resist-
ances, 112. 113, between taps. 11 carries 
only the bleeder current„ /b. //2 carries h iii 
addition to h: //2 ea rries I. /1 it lid I. To ea Ici 

the resistances required, a bleeder current, 

Fig. 811 — Typical 
volt ilge-divider,ireuitEi  

= 

F2 — Fi 
R2 = ± 

E— F2 
R3 = AFW:1:1 

/b, must be assumed; generally it is low com-
pared to the total 'tent current ( 10 per cent or 
so). Then the requirecl values can be caleulatol 
as shown below, / being in amperes. 
The method may be extended to ally de-

sired number of taps, each resistance section 
being calculated by Ohm's Law (§ 2-6) using 
the voltage drop across it and the total current 
through it. The power dissipated by eaeh sec-
tion may be calculated by multiplying / and E. 

Transformerless plate supplies— The line 
voltage is rectified directly, without a step-up 
power transformer, for certain applications 
(such as some types id receivers) where the low 
voltage so obtained is satisfactory. A simple 
power supply of this variety. often called the 
"a.c.-d.e." type, is shown in Fig. 812. Rectifier 
tubes for this purpose have heaters operating 
at relatively high voltages ( 12.(, 25, 35, 45, 50, 
70 or 115 volts), which can be eonneeted across 
the a.c. line in series with other tube filaments 
and/or a resistor, R, of suitable value to limit 
the current to the rated value for the tubes. 
The half-wave circuit shown has a funda-

mental ripple frequency equal to I he line fre-
quency (§ 8-4) and hence requires more in-
ductance and capacity in the filter for a given 
ripple percentage (§ 8-5) than the full-wave 
rectifier. A condenser-input filter generally is 
used. The input condenser should be at least 

16 aid. and preferably 32 or 40 pfd., to keep 
the output voltage high and to improve voltage 
regulation. Frequently a second filter section 
(§ 8-5) is sufficient to provide smoothing. 

c C 
Output 

cT 
Fig. 812 — Trangfornierle, . plate sum4 with half-wave 
rectifier. Other filaments are COIllleeted in series with R. 

No ground connection can be used on the 
power supply unless the grounded side of the 
power line is connected to the grounded side 
of the supply. Receivers using an a.c.-(1.c. sup-
ply usually are grounded through a low ca-
pacity (0.05 dd.) condenser, to avoid short-
circuiting the line should the line plug be 
inserted in the socket the wrong way. 

.oltage multiplier circuits— Transformer-
less voltage multiplier circuits make it possible to 
obtain kl.e, voltages higher ti inn the line voltage 
without using step-up transformers. By alter-
nately charging two or more condensers to the 
peak line wiltage and allowing them to discharge 
in series. tin' total output voltage becomes the 
sum of the voltages appearing across the in-
dividual condensers. The required switching 
operation is perforkned automatically by diode 
rectifier tubes associated with the condensers. 
A half-wave voltage doubler is shown in 

Fig. 813-A. In this circuit when the plate 
of the lower diode is positive the tube passes 
current, charging CI to a voltage equal to the 
peak line voltage less the tube drop. When the 
line polarity reverses at the end of the half 
cycle the voltage resulting from the charge in 
C1 is added to the line voltage, tue upper (bode 
meanwhile similarly ellarging C2. C2. however, 
does not receive its full charge because it be-

‘,.Itaar multiplier eirenitt.i. half-wave 
s °hag«. doubler. It. full-was e doubler. (. grittier. 1). 
quadrupler. Dual diode rectifier tulœs may be used. 
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Fig. 814 — Curves showing the d.c. output voltage and 
the regulation under load for voltage-multiplier circuits. 

gins discharging into the load resistance as 
soon as the upper diode becomes conductive. 
For this reason, the output is somewhat less 
than twice the line peak voltage. As with any 
half-wave rectifier, the ripple frequency corre-
sponds to the line frequency. 
The full-wave voltage doubler at B is more 

popular than the half-wave type. One diode 
charges CI when the polarity between its plate 
and cathode is positive while the other section 
charges C2 when the line polarity reverses. Thus 
each condenser is charged separately to the 
same d.c. voltage, and the two discharge in 
series into the load circuit. The ripple frequency 
with the full-wave doubler is twice the line fre-
quency (§ 8-4). The voltage regulation is in-
herently poor and depends critically upon the 
capacities of CI and .(72, being better as these 
capacities are made larger. A typical supply 
with 16 pfd. at CI and C2 will have an output 
voltage of approximately 300 at light loads, as 
shown in Fig. 814. 
The voltage tripler in Fig. 813-C comprises 

four diodes in a full-wave doubler and half-
wave rectifier combination. The ripple frequency 
is that of the line as in a half-wave circuit, be-
cause of the unbalanced arrangement, but the 
output voltage of the combination is very 
nearly three times the line voltage, and the reg-
ulation is better than in other voltage mul-
tiplier arrangements, as shown in Fig. 814. 

Fig. 813-D is a voltage quadrupler with two 
half-wave doublers connected in series, dis-
charging the suns of the accumulated voltages 
in the associated condensers into the filter in-
put. The quadrupler is by no means the ulti-
mate limit in voltage multiplication. Practical 
power supplies have been built using up to 
twelve doubler stages in series. 

In the circuits of Fig. 813, C2 should have a 
working voltage rating of 350 volts and C1 of 
250 volts for a 115-volt line. Their capacities 
should be at least 16 pfd. each. Subsequent 
filter condensers must, however, withstand the 
peak total output voltage — 450 volts in the 
case of the tripler and 600 for the quadrupler. 
No direct ground can be used on any of these 

supplies or on associated equipment. If an r.f. 
ground is made through a condenser the ca-

pacity should be small (0.05 pfd.), since it is in 
shunt from plate to cathode of one rectifier. 
Duplex plate supplies— In some cases it 

may be advantageous economically to obtain 
two plate-supply voltages from a single power 
supply, making one or more of the components 
serve a double purpose. Circuits of this type are 
shown in Figs. 815 and 816. 

In Fig. 815, a bridge rectifier is used to ob-
tain the full transformer voltage, while a con-
nection is also brought out from the center-tap 
to obtain a second voltage corresponding to 
half the total transformer secondary voltage. 
The sum of the currents drawn from the two 
taps should not exceed the d.c. ratings of the 
rectifier tubes and transformer. Filter values 
for each tap are computed separately (§ 8-6). 

Fig. 815 — Du-
plex plate sup-
ply, delivering 
two output volt-
ages, both with 
good regulation. 

• 

• lit 

Fig. 816 shows how a transformer with 
multiple secondary taps may be used to obtain 
both highs and low voltages simultaneously. A 
separate full-wave rectifier is used at each tap. 
The filter chokes are placed in the common 
negative lead, but separate filter condensers 
are required. The sum of the currents drawn 
from each tap must not exceed the transformer 
rating, and the chokes must be rated to carry 
the total load current. Each bleeder resistance 
should have a value in ohms 1000 times the 
maximum rated inductance in henrys of the 
swinging choke, Ls, for best regulation (§ 8-6). 

Fig. 816 — Power supply in which a single transformer 
and set of chokes serve for two different output voltages. 

Rectifiers in parallel— Vacuum-type recti-
fiers may be connected in parallel (plate to 
plate and cathode to cathode) for higher cur-
rent-carrying capacity with no circuit changes. 
When mercury-vapor rectifiers are connected 

in parallel, slight differences in tube character-
istics may make one ionize at a slightly lower 
voltage than the other. Since the ignition volt-
age is higher than the operating voltage the 
first tube to ionize carries the whole load, as 
the voltage drop is then too low to ignite the 
second tube. Tisis can be prevented by connect-
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ing 50- to 100-ohm resistors in series with each 
plate, thereby insuring that a high-enough 
voltage for ignition will be available. 

Vibrator pourer supplies— The vibrator 
type of power supply consists of a special step-
up transformer combined with a vibrating in-
terrupter (vibrator). When the unit is connected 
to a storage battery, plate power is obtained 
by passing current from the battery through 
the primary of the transformer. The circuit is 
made and reversed rapidly by the vibrator con-
tacts, interrupting the current at regular inter-
vals to give a changing magnetic field which 
induces a voltage in the secondary (§ 2-5). The 
resulting square-wave d.c. pulses in the pri-
mary of the transformer 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 syn-
chronized pair of vibrator contacts. The recti-
fied output is pulsating d.c., which may be 
filtered by ordinary means (§ 8-5). The smooth-
ing filter can be a single-section affair, but the 
filter output capacity should be fairly large — 
16 to 32 pfd. 

Fig. 817 shows the two types of circuits. At 
A is shown the nensynchronous 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 uf the trans-
former primary. The magnet coil again is en-
ergized, and the cycle repeats itself. 
The synchronous circuit of Fig. 817-B 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 secon-
dary windipu Ir‘ correct. The proper connec-
tions may be determined by experiment. 
The buffer condenser, C2, across the trans-

former secondary absorbs the surges which 
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 (§ 2-5). Without this 
condenser excessive sparking occurs at the 
vibrator contacts, shortening the vibrator life. 
Correct values usually lie between 0.005 and 
0.03 pfd. and for 250-300-volt supplies the con-
denser should be rated at 1500 to 2000 volts 
d.c. The exact capacity is critical, and should 
be determined experimentally. The optimum 
value is that which results in least battery cur-
rent for a given rectified d.c. output from the 
supply. In practice the value can be deter-
mined by observing the degree of vibrator 

/85 
sparking as the capacity 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 Cz 
will limit the secondary current to a safe value 
should the condenser fail. 
A more exact check on the operation can be 

secured with an oscilloscope having a linear 
sweep circuit which can be synchronized with 
the vibrator. The vertical plates should be con-
nected across the outside ends of the trans-
former primary winding to show the input 
voltage waveshape. Fig. 818-C shows an ideal-
ized trace of the optimum waveform when the 
buffer capacity is adjusted to give proper op-
eration throughout the life of the vibrator. The 
horizontal lines in the trace represent the volt-
age during the time the vibrator contacts are 
closed, which should be approximately 90 per 
cent of the total time. When the contacts are 
open the trace should be partly tilted and 
partly vertical, the tilted part being 60 per cent 
of the total connecting trace. The oscilloscope 
will show readily the effect of the buffer capacity 
on the percentage of tilt. In actual patterns the 
horizontal sections are likely to droop somewhat 
because of the resistance drop in the battery 
leads as the current builds up through the 
primary inductance ( Fig. 818-ll). 
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 RFC IL 
and C1, in the battery circuit and RPC2 with C3 
in the d.c. output circuit. C1 is usually from 
0.5 to 1 gfd., a 50-volt rating being adequate. 
RFC' consists of about 50 turns of No. 12 or 
No. 14 wound to about half-inch diameter, 
large wire being required to carry the rather 
heavy battery current without undue loss of 
voltage. A choke of these specifications should 

• 
To smoothinf 

IC, fitter 

Fig. 817— Basic types of vibrator power-supply circuits. 

be adequate, but if there is persistent trouble 
with hash it may be beneficial to experiment 
with other sizes. Bank-wound chokes are moro 
compact and give higher inductance for a given 
resistance. In the secondary filter, C3 may be of 
the order of 0.01 to 0.1 pfd., and RFC2 a 2.5-
millihenry r.f. choke of ordinary design. 
A 100-gpfd. mica condenser, connected 

from the positive output lead to the " hot " side 
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(A) (B) (C) (D) 

(E) (F) (G) (H) 
Fig. 818 — CI Jaracteristie vibrator was , forms ¿LS view ed 
mi the oscillo,cope. A. ideal theoretioal trace for resist 
load; cornm llow stops instantly when vibrator con-
tacts open and resumes approximately 1 mierosecond 
Inter (for standard ii 5-eyele vibration frequene ) after 
interrupter arm 2110VCS across for the next half-cycle. 
B, ideal practical waveform for inductive load ( trans-
former primary) with correct looffer capacity. C. prac-
tical approximation of B for loaded nonss nchninotts vi-
brator. I). satisfactors practical trace for synchronous 
(self-rectifsing) vibrator under load: the peaks result 
from voltage drop in the primary when the secondary 
load is connected, not from faulty operation. 

Faulty operation is indicated in traces E through II: 
E, effect of insufficient buffering capacits (not to he mis. 
taken for "bouncing" of contacts). The opposite condi-
tion — excessive buffering captivity — is indicated by 
slow build-up with rounded corners, especialls 

OVerd0Slire caused by too-sinall buffer einidenser 
(same condition as in E) s,itic s ilwa tor unloaded. G, 
"skipping- of worn-out or inisadjusted vibrator, with in-
terrupter making poor contact inn Icue side. II, -bounc-
ing" resulting from worn-out contaets or sluggi-di reed. 
G and II usually call for replace/in-tit of the ibrator. 

of the " A" battery, may be helpful in reducing 
hash in certain power supplies. A trial is neces-
sary to see whether or not it is required. It 
should be mounted right at the output socket. 

Equally as important. as the hash filter is 
thorough shielding of the power supply and 
its connecting leads, shire even a small piece 
of wire or metal will ragliate enough r.f. to cause 
interference in a sensitive receiver. 

Testing in connection wit h hash elimination 
should be carried out with the supply operating 
a receiver. Since the interference usually is 
picked up on the receiving antenna leads by 
radiation from the supply itself and from the 
battery leads, it is advisable to keep t he supply 
and battery as far front the receiver as the con-
necting cables will permit. Three or four feet 
should be ample. The microphone cord likewise 
should be kept away from the supply and leads. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. 
A bottom plate to complete the sh cl ling is ad-
visable. The transformer case, vibrator cover 
and the metal shell of the tube all shoulgl 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 titan 
any other part of a well-shielded supply. 
Experimenting with different values in the hash 
filters should come after radiation from the 
battery leads has been reduced to a minimum. 
Shielding the leads is not particularly helpful. 

enapier 4ht 
Line-robage adjustment— In some local-

ities the line voltage may vary considerably 
from the nominal 115 volts as t he load on the 
power system changes. Since it is desirable to 
operate tube equipment, part icularly filaments 
and heaters, at constant voltage for maximum 
life, a means of adjusting the line voltage to the 
rated value is desirable. This can be accom-
plished by the circuit shown in Fig. 819, utiliz-
ing a step-down transformer with a tapped 
secondary connected as an autotransformer 
(§ 2-9). The secondary preferably should be 
tapped in steps of two or three volts, and 
should have suffieient total voltage to com-
pensate for the widest variations encountered. 
Depending upon the end of the secondary 
to which the line is connected, the voltage to 
the load can be made either higher or lower 
than the line voltage. A secondary winding 
capable of carrying five amperes will serve for 
loads up to 500 volt-amperes On :t 115- volt line. 

Fig. 819 — Line.volt a ce 
conipensati ,,,, by a tutu ceci 
step.donn autotransformer. 

41 8-11 — Emergency Power Supply 

Dry batteries— Dry-cell batteries are ideal 
for emergency receiver and low-power trans-
mitter supplies because they provide steady, 
pure, direct current. Their disadvantages are 
weight. high cost. and limited currunt capabil-
ity. In addition, they will lose their power even 
when not in use if allowed to stand idle for 
periods of a year or ingire. This makt.s them un-
econgnideal if not used ingire or less continuously. 

Table 1 in Chapter Eighteen gives service life 
of represent at ive types of batteries for various 
current drains, based on intermittent service 
simulating typical operation. The continuous-
service life will be somewhat greater at very 
low current drains and from (trie- il tif to two-
thirds the intermittent life at higher drains. 
The secret of long battery life at normal cur-

rent drains lies in intermittent operation. The 
duration of " on" periods should be reduced to 
a minimum. The more frequent the rests given 
a dry-cell battery, the longer it will last. As an 
example, one standard type will last 50 per cent 
longer if it is operated for periods of one min-
ute, with five-minute rest intervals, in 24-
hour intermittent operation than if it is oper-
ated continuously for four hours per day, 
although the actual energy consumption in the 
24-hour period is the same in both cases. 
Storage batteries — The most universally 

acceptable self-contained power source is the 
storage battery. It I as Iiigh initial capacity and 
can be recharged, so that its effective life is 
practically indefinite. It can be used to provide 
filament or heater power directly, and plate 
power through associated devices such as 
vibrator-transformers, dynamotors and gene-
motors, and a.c. converters. For emergency 
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work a storage battery is a particularly con-
venient power source, since such batteries are 
universally available. In a serious emergency 
it is possible to obtain 6-volt storage batteries 
so long as there are automobiles to borrow them 
from, and for this reason the ti- volt storage 
battery makes an excellent unit around which 
to design a low-powered emergency station. 

For maximum efficiency and usefulness the 
power drain on the storage battery should not 
exceed 15 or 20 amperes from the ordinary 
100- or 120-ampere-hour 6-volt battery. Heavy 
connecting leads should be used to minimize 
the voltage dru up; similarly, heavy-duty low-
resistance switches are required. 

l'ibra for power supplies— For portable 
or mobile work, the most common source of 
power for both filaments and plates is the 6-
volt automobile-type storage battery. Fila-
ments may be heated direct ly from the battery, 
while plate power is obtained by passing cur-
rent from the battery through the primary of 
a suitalile transformer, interrupting it, at regu-
lar intervals and rectifying the secondary out-
put (§ 2-5) providing outputs as high as 400 
volts at 200 ma. The high-voltage filter circuit 
usually is identical with that of an equivalent 
power source operating from the a.c. line 
(§ 8-5). Noise suppression fillers, serving to 
minimize r.f. nut cri  caused by t lw vibra-
tor, are incorporated in manufaetured units. 

Although vibrator sups dies are ordinarily 
used with 6-volt tubes, their use with 2-volt 
tubes is quite possible provided additional fila-
ment filtration is incorporated. This filter may 
consist of a small low-resistance iron-core filter 
choke or the voice-coil winding of a speaker 
transformer. The field coil of a loudspeaker de-
signed to operate on 4 volts at the total fila-
ment current of the receiver may be used. The 
filaments are then connected in parallel, as 
usual, and placed in series with this winding 
across the 6-volt battery. In both 6- and 2-volt 
receivers, " liash" can be reduced by heavily 
by-passing the battery at the vibrator supply 
terminals, using fixed condensers of 0.25 to 1 
dd. capacity or more, and by including an r.f. 
Choke of laia-v-j"wire in ! hr. hut tery lend near the 
condenser. Noise will be minimized if a single 
ground, consisting of a short, heavy copper 
strap, is used. Thorough shielding of the vibra-
tor also will contribute to the noise reduction. 

Table Il in Chapter Eighteen lists standard 
commercial vibrator supplies suitable for use 
as emergency or portable power sources. Those 
units which include a hum filter are indicated. 
The vibrator supplies used with automobile 
receivers are sat isfaetory for receiver applien-
tions and for use with transmitters where the 
power requirements are small. 
The efficiency of vibrator packs runs be-

tween about 60 to 75 per cent. 
Dyna tttttt ors and gene fors— A dyna-

motor is a double-armature high-voltage gen-
erator, the additional winding serving as a 
driving motor. llynamotors usually are op-

crated from 6-, 12- or 32-volt storage batteries, 
and deliver from 300 to 1000 volts or more. 
The genemotor is a refinement of the dyna-

motor, designed especially for automobile re-
ceiver, sound truck and similar applications. It 
has good regulation and efficiency, combined 
with economy of operation. Standard models 
of genemotors have ratings ranging from 135 
volts at 30 ma. to 300 volts at 200 ma. or 500 
volts at 200 ma. (See Table III in Chapter 
Eighteen.) The norMal efficiency averages 
around 50 per cent, increasing to better than 
60 per cent in the higher-power units. The 
voltage regulation of a genemotor is com-
parable to that of well-designed a.c. supplies. 

Successful operation of dynamotors and 
genemotors requires heavy, direct leads, me-
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtration. The shafts 
and bearings should be thoroughly " run in" 
before regular operation is attempted, and 
thereafter the tension of the bearings should be 
checked occasionally. 

In mounting the genemotor, 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 genemotor 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-afd. mica condensers to a 
common point on the genemotor frame, pref-
erably to a point inside the end cover close to 
the iettslt 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. 
When the genemotor is used for receiving, a 

filter should be used similar to that described 
for vibrator supplies. A 0.01-afd. 600-volt 
(d.e.) paper condenser should be connected in 
Shunt across the output of the genemotor, fol-
lowed by a 2.5- unit. r.f. choke in the positive 
high-voltage lead. From this point the output 
shouhl be run through a " brute force" smooth-
ing filter using 4- to 8-1.cfd. electrolytic con-
densers with a 15- or :30-henry choke having 
low d.c. resistance. 

CM. CI Tiers— In some instances it 
is desirable to utilize existing equipment built 
for 115-volt a.c. operation. To operate such 
equipment with any of the power sources out-
lined above would require a considerable 
amount of rebuilding. This can be obviated by 
using a rotary converter capable of changing 
the d.e. from 6-, 12- or 32-volt batteries to 
110-volt 60-cycle a.e. Such converter units 
are built to deliver output ranging from 40 to 
300 watts. 
The conversion efficiency of these units aver-

ages about 50 per emit. In appearance and oper-
ation they are similar to genenartors of equiva-
lent rating. The over-all efficieney of the con-
verter will be lower, however, because of losses 
in the a.c. rectifier-filter circuits and the neces-
sity for converting heater as well as plate power. 
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Wave Propartlion 

41 9-1 Characteristics of Radio Waves 

Relation to other forests of radiation — 
Radio waves differ from other forms of elec-
tromagnetic radiation principally in the order 
of their wavelength, which ranges from ap-
proximately 30,000 meters to a small fraction 
of a centimeter; i.e., their frequency ranges 
between about 10 kc. and 1,000,000 Mc. They 
travel at the same velocity as light waves 
(about 300,000,000 meters per second in free 
space) and can be similarly reflected, refracted 
and diffracted. 
The total energy in a radio wave is evenly 

divided between traveling electrostatic and 
electromagnetic fields. The lines of force of 
these fields are at right angles to each other in 
a plane perpendicular to the direction of travel, 
as shown in Fig. 901. 
Polarization — The polarization of a radio 

wave is taken as the direction of the lines of 
force in the electrostatic field. If the plane of 
this field is perpendicular to the earth, the 
wave is said to be vertically polarized; if it is 
parallel to the earth, the wave is horizontally 
polarized. The longer waves, when traveling 
along the ground, usually maintain their polar-
ization 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. 
Reflection — Radio waves may be reflected 

from any sharply defined discontinuity of 
suitable characteristics and dimensions en-
countered in the medium in which they aro 
traveling. Any conductor (or any insulator 
having a dielectric constant differing from that 

Alaystele 
liner of 
Fora' 

Electrostatic fifes of Force 

Fig. 901 — Representation of electrostatic and elec-
tromagnetic lines of force in a radio wave. Arrows indi-
cate 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. 

of the medium) offers such a discontinuity if its 
dimensions are at least comparable to the 
wavelength. The surface of the earth and the 
boundaries between ionospheric layers are ex-
amples of such discontinuities. Objects as small 
as an airplane, a tree or even a man's body will 
readily reflect the shorter waves. 
Refraction — As in the case of light, a 

radio wave is bent when it moves obliquely 
into any medium having a different refractive 
index from that of the medium which it 
leaves. Since the velocity of propagation 
or travel differs in the two mediums, that 
part of the wave front which enters first travels 
faster or slower than the part which enters 
last, and so the wave front is turned or re-
fracted (usually downward in the vertical 
plane). Refraction may take place in either the 
ionosphere (ionized upper atmosphere) or the 
troposphere (lower atmosphere). 
Diffraction — When a wave grazes the edge 

of an object in passing, it tends to be bent 
around that edge. This effect, called diffrac-
tion, results in a diversion of part of the energy 
of those waves which normally follow a 
straight or line-of-sight path, so that they may 
be received at some distance below the summit 
of an obstruction, or around its edges. 
Types of waves— According to the altitude 

of the paths along which they are propagated, 
radio waves may be classified as ionospheric 
waves, tropospheric waves or ground waves 
The ionospheric wave (sometimes called the 

"sky wave,") is that part of the total radiation 
which is directed toward the ionosphere. 
Depending upon variable conditions in that 
region, as well as upon wavelength (or fre-
quency), the ionospheric wave may or may not 
be returned to earth by the effects of refraction 
and reflection. 
The tropospheric wave is that part of the 

total radiation which undergoes refraction and 
reflection in regions of abrupt change of dielec-
tric constant in the troposphere, such as the 
boundaries between air masses of differing 
temperature and moisture content. 
The ground wave is that part of the total 

radiation which is directly affected by the 
presence of the earth and its surface features. 
The ground wave has two components. One is 
the surface wave, which 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. 902. 
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Fig.902 —  showing how both direct and reflected waves 
may be received simultaneously in v.h.f. transmission. 

9-2 Ionospheric Propagation 

The ionosphere — Communication between 
distant points by means of radio waves 
of frequencies ranging between 3 and 30 Mc. 
depends principally upon the ionospheric 
wave. Upon leaving 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 back to earth. The medium which 
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 quantity to cause a change in 
the refractive index. This condition is believed 
to be the effect of ultraviolet radiation from 
the sun. The ionosphere is not a single region 
but is composed of a series of layers of varying 
densities of ionization occurring at different 
heights. Each layer consists of a central region 
of relatively dense ionization which tapers off 
in intensity both above and below. 
Refraction, absorption and reflection — 

For a given density of ionization, the degree of 
refraction becomes less as the wavelength be-
comes shorter (or as the frequency increases). 
The bending therefore is less at high than at 
low frequencies, and if the frequency is raised 
to a sufficiently high value, a point is finally 
reached where the refractive bending becomes 
too slight to bring the wave back to earth, 
even though it may enter the ionized layer 
along a path which makes a very small angle 
with the boundary of the ionosphere. 
The greater the density of ionization, the 

greater the bending at any given frequency. 
Thus, with an increase in ionization, the mini-
mum wavelength which can be bent sufficiently 
for long-distance communication is lessened 
and the maximum usable frequency is in-
creased. 
The wave necessarily loses some of its energy 

in traveling through the ionosphere, this ab-
sorption loss increasing with wavelength and 
also with ionization density. Unusually high 
ionization, especially in the lower strata of the 
ionosphere, may cause complete absorption of 
the wave energy. 

In addition to refraction, reflection may take 
place at the lower boundary of an ionized 
layer if it is sharply defined; i.e., if there is an 
appreciable change in ionization within a rela-
tively short interval of travel. For waves 
approaching thé layer at or near the perpendic-
ular, the change in ionization must take place 
within a difference in height comparable to a 
wavelength; hence, ionospheric reflection is 
more apt to occur at longer wavelengths 
(lower frequencies). 

Critical frequency— When the frequency 
is sufficiently low, a wave sent vertically up-
ward to the ionosphere will be bent sharply 
enough to cause it to return to the transmitting 
point. The highest frequency at which such re-
flection can occur, for a given state of the iono-
sphere, is called the critical frequency. Although 
the critical frequency may serve as an index of 
transmission conditions, it is not the highest 
useful frequency, since other waves of the 
same frequency which enter the ionosphere at 
angles smaller than 90 degrees (less than verti-
cal) will be bent sufficiently to return to earth. 
The maximum usable frequency, for waves 
leaving the earth at very small angles to the 
horizontal, is in the vicinity of three times the 
critical frequency. 

Besides being directly observable, the criti-
cal frequency is of more practical interest than 
the ionization density because it includes the 
effects of absorption as well as refraction. 

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 refraction which actually 
takes place, as illustrated in Fig. 903. The 
wave traveling 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 formed as shown, 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 normally useful layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles. The 
ionization density is greatest around local 
noon; the layer is only weakly ionized at 
night, when it is not exposed to the sun's 
radiation. The air at this height is sufficiently 
dense so that free ions and electrons very 
quickly meet and recombine. 
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 re-
combination of ions and electrons takes place 
very slowly, inasmuch as particles can travel 
relatively great distances before meeting. The 
ionization decreases after sundown, reaching a 
minimum just before sunrise. In the daytime 

Fig. 903 — Showing bending in the ionosphere and the 
echo or reflection method of determining virtual height. 
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the F layer splits into two parts, the Pi and F2 
layers, with average virtual heights of, respec-
tively, 140 miles and 200 miles. These layers 
are most highly ionized at about local noon, 
and merge again at sunset into the F layer. 

Cyclic variations irt the ionosphere — 
Since ionization depende upon ultraviolet radi-
ation, 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, averaging about 4 Mc. as against a 
winter average of 3 Mc. The F layer shows 
little variation, the critical frequency being of 
the order of 4 to 5 Mr. in the evening. The 
layer, which has a critical frequency near 5 Mc. 
in summer, usually disappears entirely in win-
ter. The critical frequencies for the P2 are 
highest in winter ( 11 to 12 Mc.) and lowest in 
summer (around 7 Mc.). The virtual height of 
the F2 layer, which is about 185 miles in winter, 
averages 250 miles in summer. 

Seasonal transition periods occur in spring 
and fall, when ionospheric conditions are found 
highly variable. 

There are at least two other regular cycles 
in ionization. One such cyclic period covers 28 
days, which corresponds with the period of the 
sun's rotation. For a short time in each 28-day 
cycle, transmission conditions reach a peak. 
Usually this peak is followed by a fairly rapid 
drop to a lower level, and then a slow building 
up to the next peak. The 28-day cycle is par-
ticularly evident in the 14- and 28-Mc. amateur 
bands. 
The longest cycle yet observed covers about 

11 years, corresponding to a similar cycle of 
sunspot activity. The effect of this cycle is to 
shift upward or downward the values of the 
critical frequencies for F- and F2-layer trans-
mission. The critical frequencies are highest 
during sunspot maxima and lowest during 
sunspot minima. It is during the period of 
minimum sunspot activity when long-distance 
transmissions occur on the lower frequencies. 
At such times the 28- Mc. band is seldom useful 
for DX work, while the 14-Me. band performs 
well in the daytime but is not ordinarily useful 
at night. The most recent sunspot maximum is 
considered to have occurred in 1938. 
Magnetic storms and other disturbances 

— Unusual disturbances in the earth's mag-
netic field (magnetic storms) usually are ac-
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companied by disturbances in the ionosphere, 
when the layers apparently break up and ex-
pand. There is usually also an increase in ab-
sorption during such a period. Radio transmis-
sion is poor and there is a drop in critica.1 fre-
quencies so that lower frequencies must be 
used for communication. A storm may last for 
several days. 

Unusually high ionization in the region of 
the atmosphere below the normal ionosphere 
nifty increase absorption to such an extent that 
sky-wave transmission becomes impossible on 
high frequencies. The length of such a disturb-
ance may be several hours, with a gradual fall-
ing off of transmission conditions at the begin-
ning and an equally gradual building up at t he. 
end of the period. Fadeouts, similar to t he 
above in effect, are caused by sudden disturb-
ances on the sun. They are characterized by 
very rapid ionization, with sky-wave trans-
mission disappearing almost instantly, occur 
only in daylight, and do not last as long as the 
first type of absorption. 

Magnetic st orms frequently are accompanied 
by unusual auroral displays, creating an ionized 
"curtain" in the polar regions which can act as 
a reflector of radio waves. Auroral reflection is 
occasionally observed at frequencies as high as 
60 Mc. 
Sporadic E-layer ionization— Occasion-

ally scattered patches or clouds of relatively 
dense ionization appear at heights approxi-
mately the same as that of the E layer. The 
effect is to raise the critical frequency to a 
value perhaps twice that which is returned 
from any of the regular layers by normal 
refraction. Distances of about 500 to 1250 
miles may be covered at 56 Me. if the ionized 
cloud is situated midway between transmitter 
and receiver, or is of any very considerable 
extent. This effect, while infrequently observed 
in winter, is prevalent during the late spring 
and early summer, with no apparent correla-
tion of the condition with the time of day. 
The presence of sporadic-E refraction on the 

14- and 28-Me. bands is indicated by an ab-
normally short distance between the trans-
mitter and the point where the wave first is 
returned to earth as when, for example, 14-
Mc. signals from a transmitter only 100 miles 
distant may arrive with an intensity usually 
associated with distances of this order on 7 and 
3.5 Mc. 

e 

Fig. 904 — Refraction of sky WaVeS,ShOW-
ing the critical wave angle: and the skip 
zone. Waves leaving the transmitter at 
angles above the critical (greater than A) 
arc not bent enough to be returned to earth. 
As the angle is increased, the waves return 
to earth ai increasingly greater di -• tances. 
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Wave angle— The smaller the angle at 
which a wave leaves the earth, the less will 
be the bending required in the ionosphere 
to bring it back and, in general, the greater the 
distance between the point where it leaves the 
earth and that at which it returns. This is 
shown in Fig. 904. The vertical angle which 
the wave makes with a tangent to the earth is 
called the ware angle or angle of radiation. 
Skip distance— Since greater bending is 

required to return the wave to earth when 
the wave angle is high, at the higher frequen-
cies the refraction frequently is not enough to 
give the required bending unless the wave 
angle is smaller than a certain angle called the 
critical angle. This is illustrated in Fig. 904, 
where waves at angles of A or less give use-
ful signals while wavès sent at higher angles 
penetrate the layer and are not returned. The 
distance between and R1 is, therefore, the 
shortest possible distance over which com-
munication by normal ionospheric refraction 
can be accomplished. 
The area between the end of the useful 

ground wave and the beginning of ionospheric 
wave reception is called the skip zone. The 
extent of skip zone depends upon the fre-
quency and the state of the ionosphere, and is 
greater the higher the transmitting frequency 
and the lower the critical frequency. Skip dis-
tance depends also upon the height of the 
layer in which the refraction takes place, the 
higher layers giving longer skip distances for 
the same wave angle. Wave angles at the 
transmitting and receiving points are usually, 
although not always, approximately the saine 
for any given wave path. 

It is readily possible for the ionospheric 
wave to pass through the E layer and be 
refracted back to earth frein 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 from one of the others, 
depending upon the time of day and the exist-
ing conditions. Depending upon the wave angle 
and the frequency, it is sometimes possible to 
carry on communication via either the E or 
F1-F2 layers on the same frequency. 
Mu hump transmission— On returning 

to the earth the wave can be reflected upward 
and travel again to the ionosphere. There it 
may onee more be refracted, and 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, since at 
the lowest useful wave angles (of the order of a 
few degrees, waves at lower angles generally 
being absorbed rapidly at high frequencies by 
being in contact with the earth) the maximum 
one-hop distance is about 1250 miles for refrac-
tion from the E layer and around 2500 miles for 
the /e2 layer. However, ground losses absorb 
some of the energy from the wave on each re-
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flection (the amount of the loss varying with 
the type of ground and being least for reflection 
from sea water). Thus, when the distance per-
mits, it is better to have one hop rather than 
several, since the multiple reflections introduce 
losses which are higher than those caused by 
the ionosphere alone. 
Fading— Two or more parts of the wave 

may follow slightly different paths in travel-
ing to the receiving point, in which ease the 
difference in path lengths will cause a phase dif-
ference to exist between the wave components 
at the receiving antenna. The field strength 
therefore may have any value between the 
numerical sum of the components (when they 
are all in phase) and zero (when there are 
only two components and they are exactly out 
of phase). Since the paths change from time to 
time, this causes a variation in signal strength 
called fading. Fading can also result from 
the combination of single-hop and multi-hop 
waves, or the combination of a ground wave 
with an ionospheric or tropospheric wave. 
Such a condition gives rise to an area of severe 
fading near the limiting distance of the ground 
wave, better reception being obtained at both 
shorter and longer distances where one com-
ponent or the other is considerably stronger. 
Fading may be rapid or slow, the former type 
usually resulting frein rapidly changing condi-
tions in the ionosphere, the latter occurring 
when transmission conditions are relatively 
stable. 

It frequently occurs that transmission con-
ditions are different for waves of slightly dif-
ferent frequencies, so that in the case of voice-
modulated transmission, involving side-bands 
differing slightly from the carrier in frequency. 
the carrier and various side-band components 
may not be propagated in the same relative 
amplitudes and phases they had at the trans-
mitter. This effect, known as selective fading, 
causes severe distortion of the signal. 

41 9-3 Tropospheric Propagation 

Air masses and fronts— in the lower at-
mosphere wave propagation is affected by the 
changes in refractive index between differing 
0.1r ltnasst.s. A mass uf ail- hundt eild of reilns in 
area may remain at rest over one region until 
it becomes affected by the surface teniperat tire 
and humidity characteristic of that region. 
Eventually being moved on by the forces of 
atmospheric circulation, the mass may travel 
over regions quite different from its origin and 
retain for some time its original characteristics. 
When it meets a dissimilar air mass, the lighter, 
warmer and drier mass overruns t he heavier, 
cold, moist mass creating a boundary between 
the t wo called a front. This front, which repre-
sents a discontinuity in the dielectric constant 
of the troposphere, serves to refract and reflect 
the higher-frequency radio waves in much the 
same manner as the ionospheric layers, but at 
lesser heights and more restricted angles. As a 
result frequencies above 50 Mc. are returned to 
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Fig. 905— Illustrating the effect of a temperature 
inversion in extending the range of v.h.f. signals. 

earth at distances considerably beyond the 
range of ground-wave propagation, sometimes 
up to 400 miles. 
Temperature inversions — The tempera-

ture of the lower atmosphere normally de-
creases at a constant rate with increasing 
height. When for any reason the normal varia-
tion or lapse rate of approximately 3° F. per 
1000 feet of elevation is altered, a temperature 
inversion is said to take place. The resulting 
change in the dielectric constants of the air 
masses affected causes reflection and refrac-
tion similar to that in the ionosphere. 
Types of inversion other than the dynamic 

type described in the preceding paragraph in-
clude the subsidence inversion, caused by the 
sinking of an air mass which has been heated by 
compression; the nocturnal inversion, brought 
about by the rapid cooling of surface air after 
sunset; and the cloud-layer inversion, caused 
by the heating of air above a cloud layer by 
reflection of the sun's rays from the upper sur-
face of the clouds. Refraction and reflection of 
v.h.f. waves are brought about also, although 
to a lesser degree, by the presence of sharp 
transitions in the water-vapor content of the 
atmosphere. Fig. 905 illustrates the conditions 
existing when the air is " normal" and when a 
temperature inversion is present. 

II 9-4 Ground-Wave Propagation 

Surface ware — The surface wave is con-
tinuously in contact with the surface of the 
earth and, in cases where the distance of trans-
mission makes the curvature of the earth a 
factor, extends its range by diffraction. The 
surface wave is practically independent of 
seasonal and day and night effects at fre-
quencies above 1500 kc. 
The surface wave must be vertically polar-

ized because the electrostatic field of a horizon-
tally polarized wave would be short-circuited 
by the ground, which acts as a conductor at 
the frequencies for which the surface wave is of 
most interest. 
The wave induces a current in the ground 

in traveling along its surface. If the ground 
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were a perfect conductor there would be no 
loss of energy, but actual ground has ap-
preciable resistance, so that the current flow 
causes some energy dissipation. This loss must 
be supplied by the wave which is correspond-
ingly weakened. Hence, the transmitting range 
depends upon the ground characteristics. Be-
cause sea water is a good conductor, the range 
will be greater over the ocean than over land. 
The losses increase with frequency, so that the 
surface wave is rapidly attenuated at high 
frequencies and above about 2 Mc. is of little 
importance, except in purely local communica-
tion. The range at frequencies in the vicinity 
of 2 Mc. is of the order of 200 miles over 
average land and perhaps two or three times 
as far over sea water, for a medium-power 
transmitter (500 watts or so) using a good 
antenna. At higher frequencies the range drops 
off rapidly. 
Space wave— In the v.h.f. portion of the 

spectrum (above 30 Mc.) the bending of the 
waves in the normal ionosphere is so slight 
that the ionospheric wave (§ 9-2) is not or-
dinarily useful for communication. The range 
of the surface wave also is extremely limited, 
as stated above. Hence, normal v.h.f. trans-
mission is by means of the space wave in which 
the direct--wave component travels directly 
from the transmitter to the receiver through 
the atmosphere along a line-of-sight path. 

Part of the space wave strikes the ground 
between the transmitter and receiver and is 
reflected upward at a slight angle, as was shown 
in Fig. 902. The effect of this ground-reflected 
wave, which is out of phase with the direct 
wave, is to reduce the net field strength at the 
receiving point. The degree of cancellation 
depends upon the heights of the transmitting 
and receiving antennas above the point of 
reflection, the ground losses when reflection 
takes place, and the frequency — the can-
cellation decreasing with an increase in any 
of these. 
The energy lost in ground absorption by a 

wave traveling close to the ground decreases 
very rapidly with its height in terms of wave-
lengths above the ground. A via. direct wave, 
therefore, can be relatively close (in physical 
height) to the ground without suffering the ab-
sorption effects which would occur at the same 
physical heights with longer wave-lengths. 
Normal refraction — There is normally 

some change in the refractive index of the air 
with height above ground, its nature being 
such as to cause the wave to bend slightly 
towards the ground. Where curvature of the 
earth must be considered, this has the effect 
of lengthening the distance over which it is 
possible to transmit a direct wave. It is con-
venient to consider the effect of this " normal 
refraction" as equivalent to an increase in the 
earth's radius, in determining the antenna 
heights necessary to provide a clear path for 
the wave. The equivalent radius, taking re-
fraction into account, is 4/3 the actual radius. 
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Wave Propagation 

9-5 Optimum Wave Angles 

One of the requirements in high-frequency 
radio transmission is to send a wave to the 
ionosphere in such a way that it will have the 
best chance of being returned to earth. This is 
chiefly a matter of the angle at which the wave 
enters the layer, alt hough in some cases polari-
zation may be of importance. Furthermore, the 
desirable conditions may change considerably 
with frequency. 
The desirable conditions for waves of differ-

ent frequencies can be summarized as follows, 
in terms of the various amateur bands: 

1.75 Mc. — Low-angle radiation is indi-
cated for the longer distances. High-angle 
radiation may cause fading toward the limit 
of the ground-wave signal, because the down-
coming waves add in random phase to the 
ground wave. Vertical polarization is to be 
preferred. 

3.5 Mc.— Waves at all angles of radiation 
usually will be reflected, so that no energy is 
lost by high-angle radiation. However, the 

200 lower-angle waves will, in general, give the 
greatest distances. Polarization on this band is 
not of great importance. 
7 Mc. — Under most comfit ions, angles of ra-

diation up to about 45 degrees will be returned 
to earth; during the sunspot maximum still 
higher angles are useful. It is best to concen-
trate the radiation below 45 degrees. Polariza-
tion is not important, except that losses prob-
ably will be higher with vertical polarization. 

14 Mc.— For long-distance transmission, 
most of the energy should be concentrated at 
angles below about 20 degrees. Higher angles 
are useful for comparatively short distances 
(300-400 miles), although 30 degrees is about 
the maximum useful angle. Aside from the 
probable higher losses with vertical polariza-
tion, the polarization may be of any type. 
28 Mc. — Angles of 10 degrees or less are 

most useful. As in the case of 14 Mc., polariza-
tion is not important. 
56 Mc..— The lowest possible angle of radia-

tion is most useful for all types of transmission. 
Vertical polarization has been chiefly used for 
line-of-sight and lower atmosphere transmis-
sion, although horizontal polarization may be 
slightly better for long distances. In any event, 
the same polarization should be used at both 
transmitter and receiver. 
Higher frequencies— As in the case of 56 

Mc. either horizontal or vertical polarization 
may be used, so long as the same type is em-
ployed at, both ends of the circuit. 
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Fig. 906 — Chart for leterminin line-of•sight distance 
for v.h.f. transmissiot . The solid line includes effect of 
refraction, while the dotted line is the optical distance. 

Range es. height — Since the direct wave 
travels in practically a straight line, the 
maximum signal strength can be obtained 
only when there is an unobstructed atmos-
pheric path between the transmitter and re-
ceiver. This means that antennas should be 
sufficiently elevated to provide such a path. 
On long paths the curvature of the earth, as 
well as the intervening terrain, must be taken 
into account. 
The height required to provide a clear 

line-of-sight path over level terrain from an 
elevated transmitting point to a receiving point 
on the surface, not including the effect of 
refraction, is 

d 2 
It = 

where h is the height of the transmitting an-
tenna in feet and d the distance in miles. Con-
versely, the line-of-sight distance in miles for 
a given height in feet is determined by 

= 1.2301. 

Taking refraction into account, this equation 
becomes 

d =- 1.411./jo. 

Fig. 906 gives the answer directly when either 
value is known. 
When transmitter and receiver both are 

elevated, the maximum direct-wave distance 
to ground level can be determined separately 
for each. Adding the two distances thus ob-
tained will give the maximum distance by 
which they can be separated for direct- wave 
communication. This is shown in Fig. 907. 

/93 

Fig. 907 — Method of determining total line-of-sight 
distance when both transmitter and receiver are ele-
vated, based on Fig. 906. Since only earth curvature is 
taken into account in Fig. 906, irregularities in the 
around between the transmitting and receiving points 
tmust be considered when computing each actual path. 
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111 10-1 Antenna Properties 

Wave propagation and antenna design—. 
For most effective transmission, the propaga-
tion characteristics of the frequency under 
consideration must be given due consideration 
in selecting the type of antenna to use. These 
have been discussed in Chapter Nine. On some 
frequencies the angle of radiation and polariza-
tion may be of relatively little importance; on 
others they may be all-important. On a given 
frequency, the particular type of antenna best 
suited for long-distance transmission may not 
be as good for shorter-range work as would a 
different type. 
The important properties of an antenna or 

antenna system are its polarization, angle of 
radiation, impedance, and directivity. 
Polarization — The polarization of a 

straight-wire antenna is its position with re-
spect to the earth. That is, a vertical wire 
transmits vertically polarized waves and a 
horizontal antenna generates horizontally 
polarized waves (§ 9-1). The wave from an 
antenna in a slanting position contains both 
vertical and horizontal components. 
Angle of radiation— The wave angle 

(§ 9-4) at which an antenna radiates best is 
determined by its polarization, height above 
ground, and the nature of the ground. Radia-
tion is not all at one well-defined angle, but 
rather is dispersed over a more or less large 
angular region, depending upon the type of 
antenna. The angle is measured in a vertical 
plane with respect to a tangent to the earth 
at the transmitting point. 
Impedance — The impedance (§ 2-8) of the 

antenna at any point is the ratio of voltage to 
current at that point. It is important in con-
nection with feeding power to the antenna, 
since it constitutes the load represented by the 
antenna. 
Directivity — All antennas radiate more 

power in certain directions than in others. 
This characteristic, called directivity, must be 
considered in three dimensions, since direc-
tivity exists in the vertical plane as well as in 
the horizontal plane. Thus, the directivity of 
the antenna will affect the wave angle as well 
as the actual compass directions in which 
maximum transmission takes place. 
Current— The field strength produced by 

an antenna is proportional to the current flow-
ing in it. When there are standing waves on 
an antenna, the parts of the wire carrying the 
higher current have the greatest radiating 
effect. 

Power gain.— The ratio of power required 
to produce a given field strength, with a " com-
parison" antenna, to the power required to 
produce the same field strength with a specified 
type of antenna is called the power gain of the 
latter antenna. The field is measured in the 
optimum direction of the antenna under test. 
The comparison antenna almost always is a 
half-wave antenna at the same height and 
having the same polarizatien as the antenna 
under consideration. Power gain usually is 
expressed in decibels (§ 3-3). 

41 10-2 The Half-Wave Antenna 

Physical and electrical length— The fun-
damental form of antenna is a single wire 
whose length is approximately equal to half 
the transmitting wavelength. It is the unit 
from which many more complex forms of an-
tennas are constructed. It is variously known 
as a half-wave dipole, half-wave doublet, or 
Hertz antenna. 
The length of a half wave in space is: 

492  Length (feet) — (1) 
Freq. (Mc.) 

The actual length of a half-wave antenna 
will not be exactly equal to the half wave 
in space, but depends upon the thickness of the 
conductor in relation to the wavelength as 
shown in Fig. 1001, 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). Under 
average conditions the following formula is 
sufficiently accurate for wire antennas at fre-
quencies up to 30 Mc.: 

Length of half-wave antenna (feet) = 
492 X 0.95 _  468  
Freq. (Mc.) Freq. (Mc.) 

Above 30 Mc. the formulas below should be 
usei I. particularly for antennas constructed 
from rod or tubing. The factor K is taken from 
Fig. 1001. 

Length of half-wave antenna (feel) = 

492 X K (3) 
Freq. (Mc.) 

590.5 X K  
or length (inches) — (4) 

Freq. (Mc.) 

Current and voltage distribution— When 
power is fed to such an antenna the current and 

(2) 

194 
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voltage vary along its length (§ 2-12-A). The 
current is maximum at the center and 
nearly zero at the ends, while the opposite 
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Fig. 1001— 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 1). The effect of conductor diameter on the im-
pedance measured at the center also is shown. 
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is true of the r.f. voltage. The current does 
not actually reach zero at the current nodes 
(§ 2-12-A), because of the end effect; similar-
ly, the voltage is not zero at its node be-
cause of the resistance of the antenna, which 
consists of both the r.f. resistance of the 
wire (ohmic resistance) and the radiation re-
sistance (§ 2-12-A). Usually the ohmic resist-
ance of a half-wave antenna is small enough, in 
comparison 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 — that is, sufficiently removed from sur-
rounding objects so that they do not affect the 
antenna's characteristics — is 73 ohms, ap-
proximately. The value under practical condi-
tions is commonly taken to be in the neighbor-
hood of 70 ohms. It is pure resistance, and is 
measured at the center of the antenna. The 
impedance is minimum at the center, where it 
is equal to the radiation resistance, and in-
creases toward the ends. The actual value at 
the ends will depend on a number of factors, 
such as the height, the physical construction, 
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 
shown in Fig. 1001. If the diameter of the con-
ductor is made large, the capacitance per unit 
length increases and the inductance per unit 
length decreases. Since the radiation resistance 
is affected relatively 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 fre-
quencies where the wavelength is small. 
Radiation characteristics— The radia-

tion from a half-wave antenna is not uniform 
in all directions but varies with the angle 
with respect to the axis of the wire. It is most 

intense in directions at right-angles to the wire 
and zero along the direction of the wire it 
self, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 1002, 
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 in the- figure, then 
the field strength (§ 9-1) will be uniform in all 
horizontal directions; if the antenna is hori-
zontal, the relative field strength will depend 
upon the direction of the receiving point with 
respect to the direction of the antenna wire. 

e 10-3 Ground Effects 

Reflection — When the antenna is near the 
ground the free-space pattern of Fig. 1002 
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. Tisis 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 reflected waves may be in such 
phase relationship to the directly-radiated 
waves that the two completely reinforce each 
other, or the phase relationship may be such 
that complete cancellation takes place. All 
intermediate values also are possible. Thus, the 
effect of a perfectly-reflecting ground is such 
that the 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. 1003 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. 
When the half-wave antenna is vertical the 

maximum and minimum points in the curves 
of Fig. 1003 exchange positions, so that the 

Fig. 1002— The free-space radiation pattern of a half-
wave antenna. The antenna is shown in the vertical 
position. This is a cross-section of the solid pattern de-
scribed by the figure when rotated on its vertical azis. 
The "doughnut" form of the solid pattern can be more 
easily visualized by imagining the dram in g glued to a 
piece of cardboard, with a short length of wire fastened 
on it to represent the antenna. Twirling the wire will give 
a visual representation of the solid radiation pattern. 
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nulls become maxima, and vice versa. In this 
case, the height is taken as the distance from 
ground to the center of the antenna. 
Radiation angle— The vertical angle, or 

angle of radiation, is of primary importance, 
especially at the higher frequencies (§ 9-2, 9-4). 
It is advantageous, therefore, to erect the an-
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Fig. 1003 — Effect of ground on radiation of horizontal 
antennas at vertical anglee for four antenna heights. 
This chart is based ou perfectly-conducting ground. 

tenna at a height which will take advantage of 
ground reflection in such a way as to reinforce 
the space radiation at the most desirable angle. 
Since low radiation angles usually are desirable, 
this generally means that the antenna should 
be high — at least 34 wavelength at 14 Mc., 
and preferably 3% or 1 wavelength; at least 1 
wavelength, and preferably higher, at 28 Mc. 
and the very-high frequencies. 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 Me. At 7 Mc. and lower 
frequencies the higher radiation angles are ef-
fective, so that again a reasonable antenna 
height is not difficult of attainment. Heights 
between 35 and 70 feet are suitable for all 
bands, the higher figures generally being pref-
erable where circumstances permit their use. 
Imperfect ground— Fig. 1003 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; appre-
ciable high-frequency radiation at angles 
smaller than a few degrees is practically im-
possible to obtain at. heights uf less than several 
wavelengths. Above 15 degrees, however, the 
curves are accurate enough for all practical 
•purposes, and may be taken as indicative of 
the sort of 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 which are reflected 

directly upward from the ground induce a 
current in the antenna in passing, and, depend-
ing on the antenna height, the phase relation-
ship 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 in-
crease in current is equivalent to a decrease in 
impedance, and vice versa. Hence, the im-
pedance of the antenna varies with height. 
The theoretical curve of variation of radiation 
resistance. for an antenna above perfectly-
reflecting ground is shown in Fig. 1004. 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 unimpor-
tant 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 consideration for other rea-
sons. A vertical half-wave antenna will radi-
ate equally well in all horizontal directions, so 
that it is substantially nondirectional, in the 
usual sense of the word. If installed horizon-
tally, however, the antenna will tend to show 
directional effects, and will radiate best in the 
direction at right angles, or broadside, to the 
wire. The radiation in such a case will be least 
in the direction toward which the wire points. 
This can be readily seen by imagining that Fig. 
1002 is lying on the ground, and that the pat-
tern is looked at from above. 
The 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. In practice, however, at high 
frequencies both types work about alike at low 
angles. 
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Fig. 1004 — Theoretical curve of variation of radiation 
resistance for a half-wave horizontal antenna, as a 
function of height in wavelength above perfectly-re-
flecting ground. 



Antenna SyàleniJ /97 
Effective radiation patterns— In deter-

mining the radiation pattern it is necessary to 
consider radiation in both the horizontal and 
vertical planes. When the half-wave antenna is 
vertical, the vertical angle of radiation chosen 
does not affect the shape of the horizontal pat-
tern, but only its relative amplitude. When the 
antenna is horizontal, however, both the shape 
and amplitude are dependent upon the angle of 
radiation chosen. 

Fig. 1005 — Illustrating the im-
portance of vertical angle of 
radiation in determining an-
tenna directional effects. Ground 
reflection is neglected in this 
(framing of the free-space field 
pattern of a horizontal antenna. 

sazi,„/„.• 

Fig. 1005 illustrates this point. The " free-
space " pattern of the horizontal antenna 
shown is a section cut vertically through the 
solid pattern. In the direction OA, horizontally 
along the wire axis, the radiation is zero. At 
some vertical angle, however, represented by 
the line OB, the radiation is appreciable, 
despite the fact that this line runs in the same 
geographical direction as OA. At some higher 
angle, OC, the radiation, still in the same geo-
graphical direction, is still more intense. The 
effective radiation pattern therefore depends 
upon which angle of radiation is most useful, 
and for long-distance transmission is dependent 
upon the conditions existing in the ionosphere. 
These conditions may vary not only from day 
to day and hour to hour, but even from minute 
to minute. Obviously, then, the effective direc-
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Fig. 1006 — Horizontal pattern 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 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, hut this does not mean that the maxi-
mum amplitudes necessarily will be the same. The arrow 
indicates the direction of the horizontal antenna wire. 

tivity of the antenna will change along with 
transmission conditions 

At very-high frequencies, where only ex-
tremely low angles are useful for any but 
sporadic-E transmission (§ 9-2), the effective 
radiation pattern of the antenna approaches 
the free-space pattern. A horizontal antenna 
therefore shows more marked directive effects 
than it does at lower frequencies, on which high 
radiation angles are effective. 

Theoretical horizontal-directivity patterns 
for half-wave horizontal antennas at vertical 
angles of 9, 15, and 30 degrees (representing 
average useful angles at 28, 14 and 7 Me. 
respectively) are given in Fig. 1006. At inter-
mediate angles the values in the affected re-
gions also will be intermediate. Relative field 
strengths are plotted on a decibel scale (§ 3-3), 
so that they represent as nearly as possible the 
actual aural effect at the receiving station. 

4Z 10-4 Applying Power to the Antenna 

Direct excitation — When power is trans-
ferred directly from the source to the radiating 
antenna, the antenna is said to be directly 
excited. While almost any coupling method 
(§ 2-11) may be used, those most commonly 
employed are shown in Fig. 1007. Power usu-
ally is fed to the antenna at either a current or 
voltage loop (§ 10-2). If power is fed at a cur-
rent loop, the coupling method is called current 
feed; if at a voltage loop, the method is called 
voltage feed. 
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Fig. /007 — Methods 
of directly exciting the 
half-wave antenna. A, 
current feed, series tun-
ing; B, voltage feed, 
capacity coupling; C, 
voltage feed, with an 
inductively-coupled an-
tellila tank. In A, the 
coupling circuit is not 
included in the effective 
electrical length of the 
antenna system proper. 

Current feed — This method is elximn 
in Vig 1007-A. The antenna is eut at the center 
and a small coil coupled to the output tank cir-
cuit of the transmitter, with adjustable cou-
pling so that the transmitter loading can be 
controlled. Since the addition of the coil 
"loads" the antenna, or increases its effective 
length because of the additional inductance, 
the series condensers, CI and C2, are used to 
provide electrical means for reducing the 
length to its original unloaded value; in other 
words, their capacitive reactance serves to can-
cel the effect of the inductive reactance 
of the coil (§ 2-10). 

Voltage feed — In Fig. 1007, at B and C 
the power is introduced into the antenna at a 
point of high voltage. In B, the end of the an-
tenna is coupled to the output tank circuit 
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through a small condenser, C; in C, a separate 
tank circuit, connected directly to the an-
tenna, is used. This tank is tuned to the trans-
mitter frequency, and should be grounded at 
one end or at the center of the coil, as shown. 
Adjustment of coupling— Methods of 

tuning and adjustment of direct-feed systems 
correspond to those used with transmission 
lines, which are discussed in § 10-6. 
Disadvantages of direct excitation— Di-

rect excitation seldom is used except on the 
lowest amateur frequencies, because it involves 
bringing the antenna proper into the operating 
room and hence into close relationship with 
the house and electric wiring. This usually 
means that some of the power is wasted in 
heating poor conductors in the field of the an-
tenna. Also, it often means that the shape of 
the antenna must be distorted, so that the ex-
pected directional effects are not realized, and 
likewise that. the height will be limited. For 
these reasons, in high-frequency work prac-
tically all amateurs use transmission lines or 
feeder systems, which permit placing the an-
tenna in a desirable location. 

1:1. 10-5 Transmission Lines 

Requirements— A transmission line (§ 2-
12-A) is used to transfer power, with a minimum 
of loss, from the transmitter to the antenna 
from which the power is to be radiated. At 
radio frequencies, where every wire carrying r.f. 
current tends to radiate energy in the form of 
electromagnetic waves, special design is neces-
sary to minimize radiation and thus cause as 
much. of the power as possible to be delivered 
to the receiving end of the line. 

Radiation can be minimized by using a line 
in which the current is low, and by using two 
conductors carrying currents of equal magni-
tudes but opposite phase so that the fields 
about the conductors cancel each other. For 
good cancellation of radiation, the two conduc-
tors should be kept parallel and quite close to 
each other. 
Types— The most common form of trans-

mission line consists of two parallel wires, 
maintained at a fixed spacing of two to six 
inches by insulating spacers or spreaders 
placed at suitable intervals (open-wire line). A 
second type consists of insulated wires twisted 
together to form a flexible line, without spacers 
(twisted-pair line). A third has the parallel 
wires maintained at a fixed spacing of a half 
inch or less by molding them in a flexible tape 
of low-loss insulating material. Another type 
of line has a wire inside of and coaxial with a 
tubing outer conductor, separated from the 
outer conductor by insulating spacers or 
"beads" at regular intervals (coaxial or con-
centric line). A variation of this type uses solid 
but flexible insulating material to fill the space 
between the inner and outer conductors, the 
latter usually being made of metal braid rather 
than of solid tubing, so that the line will be 
flexible. Still another type of line uses only a 

single wire, without a second conductor (single-
wire feeder); in this type, radiation is mini-
mized by keeping the line current low. 
Spacing of open-wire lines — The spacing 

between the wires of an open-wire line should 
be small in comparison to the operating wave-
length, to prevent appreciable radiation. It is 
impracticable to make the spacing of an open-
wire line very small, however, because when 
the wires swing with respect to each other in a 
wind the line constants (§ 2-12-A) will vary, 
and thus cause a variation in tuning or loading 
on the transmitter. It is also desirable to use as 
few insulating spacers as possible, to keep the 
weight of the line to a minimum. In practice, 
a spacing of about six inches is used for 14 Mc. 
and lower bands, with four- and two-inch spac-
ings being common on very-high frequencies. 

Electrical length— The electrical length of 
a transmission line may be quite different from 
its physical length, because waves travel more 
slowly along a transmission line than they do 
in space. The difference is small in the case of 
air-insulated lines, but is considerable in lines 
having solid dielectrics. The ratio of the physi-
cal length of a line one electrical wavelength 
long to a wavelength in space is called the 
velocity factor of the line. A line with a velocity 
factor of 0.65, for example, will have an elec-
trical length of 10 meters (space wavelength) 
when it is 6.5 meters long. 

Table I gives velocity factors for various 
types of lines in common use. This factor must 
always be used in calculating the length of a 
solid-dielectric line used, for instance, as a 
quarter-wave matching section as described 
later in this chapter. The physical length of a 
quarter-wave line is 

Length of quarter-wave line 
in feet 

or 

Length of quarter-wave line 
in inches 

246 X V  
(5) Freq. (Mc.) 

2950 X V  
(6) 

Freq. (Mc.) 

where V is the velocity factor given in Table I. 
Balance to ground — For maximum can-. 

cellation of the fields about the two wires, it 
is necessary that the currents be equal in 
amplitude and opposite in phase. Should the 
capacity or inductance per unit length in one 
wire differ from that in the other, this condition 
cannot be fulfilled. Insofar as the line itself is 
concerned, the two wires will have identical 
characteristics only when the two have exactly 
the same physical relationships to ground and 
to other objects in the vicinity. Thus, the line 
should be symmetrically constructed and the 
two wires should be at the same height. Line 
unbalance can be minimized by keeping the 
line as far above the ground and as far from 
other objecte as possible. • 
To overcome unbalance the line sometimes 

is transposed, which means that the positions 
of the wires are interchanged at regular inter-
vals. This procedure is more helpful on long 
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TABLE I 

TRANSMISSION-LINE VELOCITY FACTORS AND AITEM'ATION 

Type of Line 

Velocity 
Factor 
1 

•• Attenuation, 

dt../100 ft.; Mc. 
3.6 7 

4U0 to 
600 ohms 

111115• 

Parallel-tithing 

Coaxial. air-insulated 

RG-8/U (53 °Inns) 

RG-58/1.1 (53 ohms) 

It(1-11/1.1 (75 ohms) 

Twin-Lead. 300 ohms 

Twin-Lend, 130 ohms 
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than on short lines, and need not be resorted t o 
for lines less than a wavelength long. 
Resonant and non resonant lines - Lines 

are classified as resonant or nonresonant, de-
pending upon the standing-wave ratio. If the 
ratio is near 1, the line is said to be non-
resonant. Reactive effects will be small, and 
consequently no special tuning provisions need 
ordinarily be made for canceling them even 
when the line length is not an exact multiple of 
a quarter wavelength. Such a line must be 
terminated in its characteristic impedance 
(§ 2-12-A). If the standing-wave ratio is fairly 

1.5 2 3 4 5 7 10 IS 20 
STANDING -WAYE RATIO 

Fig. 1008- Effect of standing-wave ratio on line loss. 
The power-loss ratio given by the ettrve, multiplied by 
the power that Would be lost in the same line if perfectly 
matched, gives the actual power lost in the line when 
standing waves are present. 

large, the input reactance must be canceled or 
"tuned out" unless the line is a multiple of a 
quarter wavelength and resonant. 

Losses - There are three ways 
by which power may be lost in a 
transmission line: by radiation, by 
heating of the conductors (1212 loss), 
and by heating of the dielectric, if 
any. Loss by radiation will occur if 
the line is unbalanced and, particu-
larly with open-wire lines, may greatly 
exceed the heat losses. It can be re-
duced to a minimum by terminating 
the line in a balanced load and by 
symmetrical, uniform construction. 
Heat losses in both the conductor 

and the dielectric increase with fre-
quency. Conductor losses also are 
greater the lower the characteristic 
impedance of the line, because a 
higher current flows in a lo w-iniped-
ance line for a given power input. The 
converse is true of dielectric losses be-
cause these increase with the voltage, 
which is greater on high-impedance 
lines. The dielectric loss in air-in-
sulated lines is negligible (the only 
loss is in the insulating spacers) and 
such lines operate at high efficiency 
when radation losses are low. In 
solid-dielectric lines most of the loss 
is in the dielectric, the conductor 
losses being small. 

3 4 5 6 7 aslo 
CENTER-TO-CENTER SPACING (nrcH55.) 

Fig. 1009 - Chart showing the characteristic imped-
ance of typical spaced.conductor parallel transmission 
lines. Tubing sizes given arc for outside diameters. 

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 char-
acteristic impedance of the line) are given in 
Table I. In these figures the radiation loss is 
assumed to be negligible. When there are 
standing waves on the line the power loss in-
creases as shown in Fig. 1008. 
The losses in air-insulated lines may increase 
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considerably when the line is wet or the spacers 
become dirty. Moisture may also cause a 
change in the characteristic impedance of 
parallel-wire lines with solid dielectric. 
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Fig. 1010 — Chart showing characteristic impedance 
obtained with various air-insulated concentric lines. 

tL 10-6 Coupling to Transmission Lines 

Requiremen is — The coupling system be-
tween a transmitter and the • input end of a 
transmission line must provide means for 
adjusting the load on the transmitter to the 
proper value (impedance matching), and for 
tuning out any reactive component that may 
be present (§ 2-9, 2-10, 2-11). The resistance and 
reactance considered are those present at the 
input end of the line, and hence have nothing 
to do with the antenna itself except insofar as 
the antenna load may affect the operation of 
the line. 
Untuned coil — One of the simplest sys-

tems, shown in Fig. 1011-A, uses a coil of a 
few turns tightly coupled to the plate tank 
coil. Since no provision is made for tuning, 
this system is suitable only for nonresonant 
lines which show practically no reactance at 
the input end. Loading on the transmitter may 
be varied by varying the coupling between the 
tank inductance and the pick-up coil, as it is 
frequently called, or by changing the number 
of turns on the pick-up coil. A slight amount 
of reactance is coupled into the tank circuit by 
the pick-up coil, since the flux leakage (§ 2-11) 
is high, so that some slight retuning of the 
plate tank condenser may be necessary when 
the load is connected. 
Taps on tank circuit — A method suitable 

for use with open-wire lines is shown in Fig. 
1011-B, where the line is tapped on a balanced 
tank circuit with taps equidistant from the 
center or ground point. This symmetry is 
necessary to maintain line balance to ground 
(§ 10-5). Loading is increased by moving the 
taps outward from the center. Any reactance 
present may be tuned out by readjustment of 

the plate tank condenser, but this method is 
not suitable for large values of reactance and 
therefore direct tapping is best confined to use 
with nonresonant lines. 
Adjustment of untuned systems — Ad-

justment of either of the above systems is quite 
simple. Starting with loose coupling, apply 
power to the transmitter, and adjust the 
plate tank condenser for minimum plate cur-
rent. If the current is less than the desired load 
value, increase the coupling and again resonate 
the plate condenser. Continue until the desired 
plate current is obtained, always keeping the 
plate tank condenser at the setting which gives 
minimum current. 

Pi-section coupling — A coupling system 
which is electrically equivalent to tapping on 
the tank circuit, but using a capacitance volt-
age divider in the plate tank circuit for the pur-
pose, is shown in Fig. 1011-C. Since one side 
of the condenser across which the line is con-
nected is grounded, some unbalance will be 
introduced into the transmission line. This 
method is used chiefly with low-power portable 
sets, because it is readily adjustable to meet 
a fairly wide range of impedance values. A 
single-ended amplifier, using either a screen-
grid tube or a grid-neutralized triode (§ 4-7), is 
required, since the plate tank circuit is not 
balanced. Coupling is adjusted by varying Clr 
reresonating thé circuit each time by means of 
C2 until the desired amplifier plate current is 
obtained. In general, the coupling will increase 
as Ci is made smaller with respect to C2. Rela-
tively large-capacity 'condensers are required 
to give a suitable impedance-matching range 
while maintaining resonance. 

Pi-section filter — The coupling circuit 
shown in Fig. 1011-D is a low-pass filter capa-
ble of coupling between a fairly wide range of 
impedances. The method of adjustment is as 
follows: First, with the filter disconnected from 
the transmitter tank, tune the transmitter tank 
to resonance, as evidenced b'y minimum plate 
current. Then, with trial settings of the clips 
on L1 and L2 (few turns for high frequencies, 
more for lower), tap the input clips on the final 
tank coil at points equidistant from the center, 
so that about half the coil is included between 
them. A balanced tank circuit must be used. 
Set C2 at about half scale, apply power, and 
rapidly rotate C1 until the plate current drops 
to minimum. If this minimum is not the de-
sired full-load plate current, try a new setting 
of C2 and repeat. If, for all settings of C2, the 
plate current is too high or too low, try new 
settings of the taps on L1 and L2, and also of the 
taps on the transmitter tank. Do not touch 
the tank condenser during these adjustments. 

With some lengths of resonant lines, particu-
larly those which are not exact multiples of a 
quarter wavelength, it may be difficult to get 
proper loading with the pi-section coupler. 
Usually antennas of these lengths also will be 
difficult to feed with other systems of coupling. 
In such cases. the proper output loading often 
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Fig. 1011— Methods of coupling the transmitter output to the transmission line. Application, circuit values 
and adjustment are discussed in the text. The coupling condensers, C, are fixed blocking condensers used to 
isolate the transmitter plate voltage from the antenna. Their capacity is not critical, 500 µµfd. to 0.002 dd. 
being satisfactory values, but their voltage rating should at least equal the plate voltage on the final stage. 

can be obtained by varying the L/C ratio of 
the filter over a considerably wider range 
than is necessary for normal loads. 

Series tuning — When the input impedance 
of the line is low, the coupling method shown 
in Fig. 1011-E may be used. This system, 
known as series tuning, places the coupling 
coil, tuning condensers and load all in series, 
and is particularly suitable for use with reso-
nant lines when a current loop appears at the 
input end. As shown, two tuning condensers 
are used, to keep the line balanced to ground. 
However, one will suffice, the other end of the 
line being connected directly to the end of LI. 
The tuning procedure with series tuning is as 

follows: With C1 and C2 at minimum capaci-
tance, couple the antenna coil, LI, loosely to 
the transmitter output tank coil, and observe 
the plate current. Then increase C1 and C2 si-
multaneously until a setting is reached which 
gives maximum plate current, indicating that 
the antenna system is in resonance with the 
transmitting frequency. Readjust the plate 
tank condenser to minimum plate current. This 
is necessary because tuning the antenna circuit 
will have some effect on the tuning of the plate 
tank. The new minimum plate current will be 
higher than with the antenna system detuned, 
but should still be well below the rated value 
for the tube or tubes. Increase the coupling be-
tween L1 and L2 by a small amount, readjust 
C1 and C2 for maximum plate current, and 
again set the plate tank condenser to mini-
mum. Continue this process until the mini-
mum plate current is equal to the rated plate 
current for the amplifier. Always use the de-
gree of coupling between L1 and L2 which will 
just bring the amplifier plate current to rated 

value when C1 and C2 pass through resonance. 
Parallel tuning — When the line has high 

input impedance, the use of parallel tuning, as 
shown in Fig. 1011-F, is required. Here the 
coupling coil, tuning condenser and line all are 
in parallel, the load represented by the line be-
ing directly across the tuned coupling circuit. 

If the line is nonreaetive, the coupling circuit 
will be tuned independently to the transmitter 
frequency; line reactance can be compensated 
for by tuning of C1 and, if necessary, adjust-
ment of L1 by means of taps. Parallel tuning 
is suited to resonant lines when a voltage loop 
appears at the input end. 
The tuning procedure is quite similar to 

that with series tuning. Find the value of 
coupling between L1 and L2 which will bring 
the plate current to the desired value as C1 is 
tuned through resonance. Again, a slight read-
justment of the amplifier tank condenser may 
be necessary to compensate for the effect of 
coupled reactance. 
Link coupling — Where tuning of the cir-

cuit connected to the line is necessary or 
desirable, it is possible to separate physically 
the line-tuning apparatus and the plate tank 
circuit by means of link coupling (§ 2-11). 
This is often convenient from a constructional 
standpoint, and has the advantage that there 
will be somewhat less harmonic transfer to 
the antenna, since stray capacity coupling is 
lessened with the smaller link coils. 

Figs. 1011-G and H show a method which 
can be considered to be a variation of Fig. 
1011-B. The first (G) is suitable for use with a 
single-ended plate tank, the second (H) for a 
balanced tank. The auxiliary tank on which 
the transmission line is tapped may have ad-
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justable inductance as well as capacitance, to 
provide a wide range of reactance variation for 
compensating for line reactance. The center of 
the auxiliary tank inductance may be grounded, 
if desired. The link windings should be placed 
at the grounded parts of the coils, to reduce 
capacitance coupling and consequent harmonic 
transfer. With this inductively-coupled system, 
the loading on the auxiliary tank circuit in-
creases as the taps are moved outward from the 
center, but, since this decreases the Q of the 
circuit, the coupling to the plate tank simul-
taneously decreases (§ 2-11). Hence, a compro-
mise adjustment giving proper loading must 
be found in practice. Loading also may be 
varied by changing the coupling between one 
link winding and its associated tank coil; 
either tank may be used for this purpose. When 
the auxiliary tank is properly tuned to com-
pensate for line reactance, the plate-tank tun-
ing will be practically the same as with no load; 
hence, the plate tank condenser need be re-
adjusted only slightly to compensate for the 
small reactance introduced by the link. 
With some antenna systems and line lengths 

it may be difficult to make these perform si-
multaneously the functions of compensating * 
for the input reactance of the line and match-
ing the input resistance of the line to the trans-
mitter. In such cases it will be hard to find a 
definite resonance point when tuning the an-
tenna tank circuit, and it may also be impos-
sible to load the amplifier to normal plate 
current. This condition frequently is accom-
panied by excessive heating of parts of the 
antenna tank coil. It may be overcome by 
separately tuning out the line reactance as 
shown in Fig. 1012. The tuning procedure is as 
follows: First, with the feeder taps discon-
nected and with very loose coupling between 
the two tank circuits, tune the antenna tank 
to resonance as indicated by a rise in plate 
current. Then attach the feeder taps, keeping 
them quite close together, and note whether 
the antenna tank condenser capacitance has 
to be increased or decreased to reresonate the 
circuit. If the capacitance has to be decreased, 

link 

( Antenna Tank 

L feeders 

(A) 

Fig. 1012— Use of auxiliary coil (L) or condenser (C) 
to tune out line input reactance with the link-coupled 
circuits of Figs. 1011-G and H. 

use Fig. 1012-A; if increased, use circuit B. 
Adjust the auxiliary inductance (L) or capaci-
tance (C) to the value which permits tapping 
the line on the antenna tank coil without 
changing the tuning of this circuit. The spread 
between the taps may then be adjusted as *de-
scribed above to give normal loading. Values 
of auxiliary inductance and capacitance re-
quired must be determined experimentally. 

Link coupling also may be used with series 
tuning, as shown in Fig. 1011-I. The coupling 
between one link and its associated coil may 
be made variable, to give the same effect as 
changing the coupling between the plate tank 
and antenna coils in the ordinary system. 
The tuning procedure is the saine as described 
above for series tuning. In the case of single-
ended tank circuits the input link is coupled 
to the grounded end of the tank coil, as in 
Fig. 1011-G. 

Circuit values — The values of inductance 
and capacity to use in the antenna coupling 
system will depend upon the transmitting fre-
quency, but are not particularly critical. With 
series tuning (Figs. 1011-E, I), the coil may 
consist of a few turns of the same construction 
as is used in the final tank; average values will 
run from one or two turns at very-high frequen-
cies to perhaps 10 or 12 at 3.5 Mc. The number 
of turns preferably should be adjustable so that 
the inductance can be changed should it not 
be possible to reach resonance with the con-
densers used. The series condensers should 
have a maximum capacitance of 250 or 350 
Add. at the lower frequencies; the same values 
will serve even at 28 Mc., although 100 ppfd. 
will be ample for this and the 14-Mc. band. 
Still smaller condensers can be used at very-
high frequencies. Since series tuning is used at a 
low-voltage point in the feeder system, the 
plate spacing of the condensers does not have 
to be large. Ordinary receiving-type condensers 
are large enough for plate voltages up to 1000, 
and the smaller transmitting condensers have 
high-enough voltage ratings for higher-power 
applications. In high-power radiotelephone 
transmitters it may be necessary to use con-
densers having a plate spacing of approxi-
mately 0.15 to 0.2 inch. 

In parallel-tuned circuits (F, G, H) the an-
tenna coil and condenser should be approxi-
mately the same as those used in the final tank 
circuit. The antenna tank circuit must be capa-
ble of being tuned independently to the trans-
mitting frequency, and, if possible, provision 
should be made for tapping the coil, so that the 
L IC ratio can be varied to the optimum value 
(§ 2-11) as determined experimentally. 

In Fig. 1011-D, C1 and C2 may be 100 to 250 
gad. each, the higher-capacitance values being 
used for lower-frequency operation (3.5 Mc. 
and lower). Plate spacing should be, in general, 
at least half that of the final-amplifier tank 
condenser. For operation up to 14 Mc., L1 
and L2 each may consist of 12 turns, 2 Y¡ 
inches in diameter, spaced to occupy 3 inches 
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length, and tapped every three turns. Ap-
proximate settings are 9 turns for, 3.5 Mc., 6 
turns for 7 Mc., and 3 turns for 14 Mc. The 
coils may be wound with No. 14 or No. 12 
wire. This method of coupling is very seldom 
used at very-high frequencies. 
Harmonic reduction— It is important to 

prevent harmonics in the output of the trans-
mitter from being transferred to the antenna 
system. Harmonics are readily fed to the an-
tenna system by coupling methods which 
require a connection to the plate tank circuit, 
either direct or through condensers, as in B, 
C and D, Fig. 1011. Harmonic transfer is much 
less likely with inductively-coupled systems, 
particularly when a separate tuning system is 
provided at the input end of the line as in 
E, F, G, H. and I. 

In inductively-coupled systems, care must be 
taken to prevent stray capacitance coupling 
between coils. Link coils always should be 
coupled at a point of ground potential (§ 2-13) 
on the plate tank coil, as also should series- and 
parallel-tuned coils (E and F), when possible. 
The effect of stray capacitance can be reduced 
by grounding (to the amplifier chassis) the 
center of the coupling coil in Fig. 1011-E and 
F, and by similarly grounding one side of the 
coupling coil at the amplifier end in U. H, and 
I. Capacitance coupling can be practically elim-
inated by the use of a Faraday shield (§ 4-9) 
between the plate-tank and antenna coils. 

—AA— 

Fig.1013— Half-wave antennas fed from resonant lines. 
A and 13 are end-feed systems for use with quarter. and 
half-wave lines; C and D are center- feed systems. The 
current distribution is shoun for all four cases, arrows 
indicating the instantaneous direction* of current flow. 

41 10-7 Resonant Lines 

Two-wire lines— Because of its simplicity 
of adjustment and flexibility with respect to 
the frequency range over which an antenna 
system will operate, the resonant line is widely 
used with simple antenna systems. Because 
resonant lines operate with relatively high 
standing-wave ratios, lines with air dielectric 
are to be preferred for this purpose in view of 
their low losses (§ 10-5). However, if the line is 
short — say less than 100 feet — lines having 
low-loss solid dielectric ( polyethylene) such as 
300-ohm " Twin-Lead" can be used without 
undue loss at frequencies below 30 Mc. 

Connection to antenna — A resonant line 
is usually — in fact, practically always — con-
nected to the antenna at either a current or 
voltage loop. This is advantageous, especially 
when the antenna is to be operated at har-
monic frequencies, since it simplifies the prob-
lem of determining the coupling system to be 
used at the input end of the line. 
Half-wave antenna with resonant line — 

It is often helpful to look upon the resonant 
line simply as an antenna folded back on itself. 
Such a line may be any vhole-number multiple 
of a quarter wave in length; in other words, 
any total wire length which will accommodate 
a whole number of standing waves. (The 
"length" of a two-wire line is, however, always 
taken as the length of one of the wires.) 

Quarter- and half-wave resonant lines feed-
ing half-wave antennas are shown in Fig. 1013. 
The current distribution on both antenna and 
line is indicated. It will be noted that the 
quarter-wave line has maximum current at one 
end and minimum current at the other, de-
termined by the point of connection to the 
antenna. The half-wave line, however, has the 
same current (and voltage) values at both 
ends. 

If a quarter-wave line is connected to the end 
of an antenna, as shown in Fig. 1013-A, then 
at the transmitter end of the line the current 
is high and the voltage low (low impedance), 
so that series tuning (§ 10-6) can be used. 
Should the line be a half-wave long, as at 
1013-B, current will be minimum and voltage 
maximum (high impedance) at the transmitter 
end of the line, just as it is at the end of the 
antenna. Parallel tuning therefore is required 
(§ 10-6). The line could be coupled to a bal-
anced final tank through small condensers, 
as in Fig. 1011-B, but the inductively-coupled 
circuit is preferable. An end-fed antenna with 
resonant feeders, as in 1013-A and B, is known 
as the " Zeppelin" or " Zepp" antenna. 
The line also may be inserted at the center 

of the antenna at the maximum-current point. 
Quarter- and half-wave lines teed in this way 
are shown at Fig. 1013-C and D. In C, the an-
tenna end of the line is at a high-current low-
voltage point (§ 10-2); hence, at the transmit-
ter end the current is low and the voltage high. 
Parallel tuning therefore is used. The half-
wave line at D has high current and low volt-
age at both ends, so that series tuning is used 
at the transmitter end. 
The four arrangements shown in Fig. 1013 

are thoroughly-useful antenna systems, and are 
shown in more practical form in Fig. 1014. In 
each case the antenna is a half wavelength 
long, the exact length being calculated from 
Equations 2, 3 or 4 (§ 10-2). The line length 
should be an integral multiple of a quarter wave-
length and may be calculated from Equations 5 
and 6 (§ 10-5), the result being multiplied by 
any whole number which gives a total length con-
venient for reaching from the antenna to the 
transmitter. If there is an odd number of quar-
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Fig. 1014 — Practical half-wavc 
antenna systems using resonant. 
line feed. In the center-feed sys-
tems, the antenna length, X, does 
not include the length of the insu-
lator at the center. Line length is 
measured from the antenna to the 
tuning apparatus; leads in the lat-
ter should be kept short enough so 
their effect can he neglected. The 
use of two r.f. ammeters, M, as 
shown is helpful for balancing 
feeder currents; however. one me-
ter is sufficient to enable tuning for 
maximum output, and may be 
transferred froto one feeder to the 
other, if desired. The systems at 
(A) and (C) are for feeders an odd 
number of quarter waves in 
length; ) and ( I)) are for feeders 
a multiple of a half wavelength. 
The detailed draw ings shown here 
correspond electrically to the ele-
mentary-schematic half-wave an-
tenna systems shown in Fig. 1013. T11A14MTA 

( 

ter waves on the line in the case of the end-fed 
antenna, series tuning should be used at the 
transmitter end; if an even number of quarter 
waves, then parallel tuning should be used. 
With the center-fed antenna the reverse is 
true. 

Practical line lengths— In general, it is 
best to use line lengths that are integral mul-
tiples of a quarter wavelength. Intermediate 
lengths will give intermediate impedance val-
ues and will show reactance (§ 2-12-A) as well. 
The tuning apparatus is capable of compensat-
ing for reactance, but it may be difficult to get 
suitable transmitter loading because simple 
series and parallel tuning are suitable for only 
low and high impedances, respectively, and 
neither will perform well with impedances of 
the order of a few hundred ohms. Such values 
of impedance may reduce the Q of the coupling 
circuit to a point where adequate coupling 
cannot be obtained (§ 2-11). However, some 
departure from the ideal length is possible — 
even as much as 25 per cent of a quarter wave 
in many cases — without undue difficulty in 

4— 
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RIGHT 
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tuning and coupling. In such cases the type of 
tuning to use, whether series or parallel, will 
depend on whether the feeder length is nearer 
an odd number of quarter waves or nearer an 
even number, as well as on the point at which 
the feeder is connected to the antenna — at 
the end or in the center. 

Line current— The feeder current as read 
by the r.f. ammeters is useful for tuning pur-
poses only; the absolute value is of little im-
portance. When series tuning is used the cur-
rent will be high, but very little current will be 
indicated in a parallel-tuned system. This is 
because of the current distribution on the 
feeders, as shown by Fig. 1013. With a given 
antenna and tuning system, of course, the 
greatest power will be delivered to the an-
tenna when the readings are highest. However, 
should the feeder length be changed no useful 
conclusions can be drawn from comparison 
between the new and old readings. For this 
reason, any indicator which registers the rela-
tive intensity of r.f. eurrent can be used for 
tuning purposes. Many amateurs, in fact, use 

(c) 
SHORT 

Fig. 1015 — Illustrating the effect on feeder balance of incorrect antenna length for various types of antenna s-
tems. In end-feed systems, the current minimum shifts above or below the feeder junction, unbalancing the line. 
With center feed, incorrect antenna length does not unbalance the transmission line as it does with end feed. 
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flashlight or dial lamps for this púrpose in-
stead of meters. Such lamps are inexpen-
sive indicators, and, when shunted by short 
lengths of wire so that considerable current 
can be passed without danger of burn-out, 
will serve very well even with high-power 
transmitters. 
Antenna length and line operation — 

Insofar as the operation of the antenna itself 
is concerned, departures of a few per cent from 
the exact length for resonance are of negligible 
consequence. However such inaccuracies may 
influence the elm vior of the feeder system, 
and as a result may have an adverse effect on 
the operation of the system as a whole. This 
is true particularly of end-fed antennas, such 
as are shown in Figs. 1014-A and B. 

Fur example, Fig. 1013-A shows the current 
distribution on the half-wave antenna and 
quarter-wave feeder when the antenna length 
is correct. At the junction of the " live" feeder 
and the antenna the current is minimum, so 
that the currents in the two feeder wires are 
equal at all corresponding points along their 
length. When the antenna is too long, as in B, 
the current minimum occurs at a point on the 
antenna proper, so that at the top of the live 
feeder there is already appreciable current 
flowing, whereas at the top of the " dead" 
feeder the current must be zero. As a result the 
feeder currents are not balanced, and some 
power will be radiated from the line. In C, 
the antenna is too short, bringing the current 
minimum to a point on the live feeder, so that 
again the currents are unbalanced. The more 
serious the unbalance, the greater the radia-
tion from the line. 

If the antenna is fed at the center the un-
desirable effects of incorrect antenna length 
balance out, so that the line operates properly 
under all conditions. This is shown in Fig. 
1015 at D, E and F. So long as the two halves 
of the antenna are of equal length the dis-
tribution of current on the feeders will be 
symmetrical, so that no unbalance exists even 
for antenna lengths considerably removed from 
the correct value. 

In the interests of reducing radiation from 
the transmission line, therefore, feeding at the 
center of the antenna system is preferable to 
feeding at the end. Strictly speaking, end-fed 
systems of the type shown in Fig. 1014 at A 
and B cannot be truly balanced because the 
current at the end of the wire connected to 
the antenna is finite, though small, while the 
current at the en, l of the open wire is zero. 

«L 10-8 Nonresonant Lines 

Requirements— The advantages of non-
resonant transmission lines — minimum losses, 
and elimination of the necessity for tuning — 
make the use of this type of line attractive. The 
chief disadvantage of the nonresonant line, 
aside from the necessity for more care in initial 
adjustment, is that when "matched" to the 
ordinasy antenna the match is perfect only for 

one frequency, or at most for a small band of 
frequencies on either side of the frequency for 
which the matching is done. Except for a few 
special systems, such an antenna is unsuitable 
for work on more than one amateur band. 

Adjustment of a nonresonant line is simply 
a process of adjusting the terminating resist-
ance to match the characteristic impedance of 
the line. To accomplish this the antenna itself 
must be resonant at the selected frequency, and 
the line must then be connected to it in such a 
way that the antenna impedance as looked at 
by the line is the right value. The matching 
may be done by connecting the line at the 
proper spot along the antenna, by inserting an 
impedance-transforming device between the 
antenna and line, or by using a line having an 
impedance equal to the center impedance of 
the antenna. 
An impedance mismatch of several per cent 

is of little consequence so far as power trans-
fer to the antenna is concerned. It is relatively 
easy to get the standing-wave ratio down to 2 
or 3 to 1, a perfectly satisfactory condition in 
practice. Of considerably greater importance 
is the necessity for getting the currents in the 
two wires balanced, both as to amplitude and 
phase. If the currents are not the same at 
corresponding points on adjacent wires and 
the loops and nodes do not also occur at cor-
responding points, there will be considerable 
radiation loss. Perfect balance can be brought 
about only by perfect symmetry in the line, 
particularly with respect to ground. This 
symmetry should extend to the coupling ap-
paratus at the transmitter. An electrostatic 
shield between the line and the transmitter 
coupling coils often will be of value in pre-
venting capacitance unbalance, and at the 
same time will reduce harmonic radiation. 

In the following discussion of ways in which 
different types of lines may be matched to the 
antenna, a half-wave antenna is used as an ex-
ample. Other types of antennas may be 

D —•-¡ 

(Interned line 
any letyM 

Fig. 1016 — Single-wire feed system. 

treated by the same methods, making due 
allowance for the order of impedance that ap-
pears at the end of the line when more elabo-
rate systems are used. 

Single-wire feed— In the single-wire feed 
system, the return circuit is through the 
ground. There will be no standing waves on 
the feeder when its characteristic impedance 
is matched by the impedance of the antenna 
at the connection point. The principal dimen-
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sions ( Fig. 1016) are the length of the antenna, 
L, and the distance. D, from the exact center 
of the antenna to the point at which the 
feeder is attached. The antenna length may 
be calculated from Equation 2 (§ 10-2). The 
distance D depends upon the diameter of the 
feeder wire, since this diameter determines its 
characteristic impedance. For No. 14 wire D 
is equal to the antenna length multiplied by 
0.139; for No. 12 wire the factor is 0.133. 

In constructing an antenna system of this 
type, the feeder must run straight away from 
the antenna (at a right angle) for a distance of 
at least one-third the length of the antenna. 
Otherwise the field of the antenna will affect 
the feeder and cause faulty operation. There 
should be no sharp bends in the feeder wire 
at any point. 

(e) 
Fig. 1017 — Methods of coupling the feeder to the 
transmitter in a single-wire feed system. Circuits are 
shown for both single-ended and balanced tank circuits. 

With the coupling system shown in Fig. 
1017-A, the process of adjustment is as follows: 
Starting at the ground point on the tank coil, 
the tap is moved toward the plate end until 
the amplifier draws the rated plate current. The 
plate tank condenser should be readjusted each 
time the tap is changed, to bring the plate cur-
rent back to minimum. The amplifier is loaded 
properly when this " minimum" value is equal 
to the rated current. The condenser, C, in the 
feeder is for the purpose of insulating the 
antenna system from the high-voltage plate 
supply when series plate feed is used. It should 
have a voltage rating somewhat higher than 
that of the plate supply. Almost any capaci-
tance greater than 500 peifd. will be satisfac-
tory. The condenser is unnecessary, of course, 
if parallel plate feed is used. 

Inductive coupling to the output circuit is 
shown in Fig. 1017-B. The antenna tank circuit 
should tune to resonance at the operating fre-
quency, and the loading is adjusted by varying 
the coupling between the two tanks, both be-
ing kept tuned to resonance. 

Regardless of the type of coupling employed, 
a good ground connection is essential with this 
system. Single-wire feed works best over moist 
ground, and comparatively poorly over rock 
and sand. 

Twisted-pair feed — A two-wire line com-
posed of twisted rubber-covered wires or close-
spaced parallel wires with polyethylene insula-

Fig. 1018 — Half-wave antenna center fed by a twisted. 
pair line. Fanning (B) compensates for line impedance. 

tion can be constructed to have a surge imped-
ance approximately equal to the 70-ohm 
impedance at the center of the antenna itself, 
thus permitting connecting the line to the an-
tenna as shown in Fig. 1018. Any discrepancy 
which may exist between line and antenna im-
pedance can be compensated for by a slight 
fanning of the line where it connects to the two 
halves of the antenna, as indicated at B in Fig. 
1018. The twisted-pair line is a convenient type 
to use, since it is easy to install and the r.f. volt-
age on it is low because of the low impedance. 
The antenna should be one-half wavelength 

long for the frequency of operation, as deter-
mined by the formulas ( § 10-2). The amount of 
" fanning" (dimension B) will depend upon the 
kind of cable used; the required spacing usually 
will be between 6 and 18 inches. It may be 
checked by inserting ammeters in each an-
tenna leg at the junction of the feeder and 
antenna; the value of B which gives the largest 
current is correct. Alternatively, the system 
may be operated continuously for a time with 
fairly high r.f. power input, after which the 
feeder may be inspected (by touch) for hot spots. 
These indicate the presence of standing waves, 
and the fanning should be adjusted until they 
are eliminated or minimized. Each leg of the 
feeder forming the triangle at the antenna 
should be equal in length to dimension B. 

Coupling between the transmitter and the 
transmission line is ordinarily accomplished 
by the untuned coil method shown in Fig. 
1011-A (§ 10-6). 
Concentric-linefeed— A concentric trans-

mission line can be constructed to have a surge 
impedance equal to the 70-ohm impedance at 
the center of a half-wave antenna. Such a line 
can be connected directly to the center of the 
antenna, therefore, forming the system shown 
in Fig. 1019. 

Outer Tub 

Optione ground 
ta outer Conductor 

Inner wire 
O, Tubiny 

Concentric line 
(Any Lenyth) 

To 
Coup/in9 

Fig. 1019— Half-wave antenna centerfed by a concen-
tric transmission line of 70 ohms surge impedance. 
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An air-insulated concentric line will have a 

surge impedance of 70 ohms when the inside 
diameter of the outer conductor is approxi-
mately 3.2 times the outside diameter of the 
inner conductor. This condition can be fulfilled 
by using standard 9f6-inch (outside diameter) 
copper tubing for the outer conductor and 
No. 14 wire for the inner. Ceramic insulating 
spacers are available commercially for this 
combination. Flexible solid coaxial cable hav-
ing the requisite impedance for connection to 
the center of the antenna also is available. 
The operation of such an antenna system is 

similar to that of the twisted-pair system just 
described, and the same transmitter coupling 
arrangements may be used (§ 10-6). 
The outer conductor of the line may be 

grounded, if desired. The feeder system is 
slightly unbalanced, because the inner and 
outer conductors do not have the same capac-
itance to ground. Although the line itself, being 
shielded, cannot radiate, an " antenna" current 
can flow on the outside of the shield (outer 
conductor) and the cable therefore may become 
part of the radiating system. The magnitude of 
this current will depend upon the length of the 
cable and will be greatest when the length is 
such as to be resonant, in conjunction with the 
antenna itself, at the operating frequency. The 
current can be reduced by grounding the shield 
(with a very short lead) at any point an odd 
number of quarter wavelengths from the point 
of connection to the antenna. 

Delta matching transformer — Because of 
the extremely close spacing required, it is 
impracticable to construct an open-wire 
transmission line which will have a surge 
impedance low enough to work directly into 
the center of a half-wave antenna. Such wire 
lines usually have impedances between 400 
and 700 ohms, 600 ohms being a widely-used 
value. It is necessary, therefore, to use other 
means for matching the line to the antenna. 
One method of matching is illustrated by the 

system shown in Fig. 1020. The matching sec-
tion, E, is " fanned" to have a gradually in-
ceasing impedance so that its impedance at 
the antenna end will be equal to the impedance 
of the antenna section, C, while the impedance 

Fig. 1020 — 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. 

at the lower end matches that of rt practicable 
transmission line. 
The antenna length, L, the feeder clearance, 

E, the spacing between centers of the feeder 
wires, D, and the coupling length, C, are the 
important dimensions of this system. The sys-
tem must. be designed for exact impedance val-
ues as well as frequency values, and the di-
mensions therefore are fairly critical. 
The length of the antenna is figured from 

Equation 2 (§ 10-2). The length of section C is 
computed by the formula: 

118  C (feet) — 
Freq. (Me.) 

The feeder clearance, E, is found from the 
equation: 

E (feet) =  148  
Freq. (Me.) 

The above equations are for wire antennas 
and for feeders having a characteristic imped-
ance of 600 ohms and will not apply to feeders 
of any other impedance. The proper feeder 
spacing for a 600-ohm transmission line is com-
puted to a sufficient ly close approximation by 
the following formula: 

D = 75 X d 

where D is the distance between the centers of 
the feeder wires and d is the diameter of the 
wire. If the wire diameter is in inches the spac-
ing also will be in inches, and if the wire diam-
eter is in millimeters the spacing also will be in 
millimeters. 
Methods of coupling to the transmitter are 

discussed in § 10-6, those shown in Figs. 1011-
C, D, O and H being suitable. 

Fig. 1021— The "Q" antenna, using a quarter-wave im-
pedance-matching section with elose-spaeed conductors. 

"Q"-section transformer — The imped-
ance of a two-wire line of ordinary constrtiction 
(400 to 600 ohms) can be matched to the im-
pedance of the center of a half-wave antenna 
by utilizing the impedance-transforming prop-
erties of a quarter-wave line (§ 10-5). The 
matching section must have low surge im-
pedance and therefore is commonly con-
structed of large-diameter conductors such as 
aluminum or copper tubing, with fairly close 
spacing. This system is known as the "Q" 
antenna. It is shown in Fig. 1021. The impor-
tant dimensions are the length of the antenna, 
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the length of the matching section, B, the 
spacing between the two conductors of the 
matching section, C, and the impedance of the 
untuned transmission line connected to the 
lower end of the matching section. 
The required surge impedance for the match-

ing section is 

Ze = VZ1 Z2 

where Z1, is the input impedance and Z2 the 
output impedance. Thus a quarter-wave sec-
tion matching a 600-ohm line to the center of a 
half-wave antenna (72 ohms) should have a 
surge impedance of 208 ohms. The spacings 
between conductors of various sizes of tubing 
and wire fur different surge impedances are 
given in graphical form 111 Fig. 1009. With 
¡finch tubing, the spacing should be 1.5 
inches for an impedance of 208 ohms. 
The length of the matching section, B, 

should be equal to a quarter wavelength, and 
is given by Equation 5 (§ 10-5). The length of 
the antenna can be calculated from Equation 2 
(§ 10-2). 
This system has the advantage of the sim-

plicity of adjustment of the twisted-pair feeder 
system and at the same time tile superior in-
sulation of an open-wire system. Figs. 1011-B, 
D. G and H (§ 10-6) represent suitable meth-
ods of coupling to the transmitter. 

Linear transformers— Fig. 1022 shows 
two methods of coupling a nonrcsonant line 
to a half-wave antenna through a quarter-
wave linear transformer or matching section. 
In the case of the center-fed antenna, tile 
free end of the matching section, B, is open 
(high impedance) since the other end is con-
nected to a low-impedance point on the 
antenna. With the end-fed antenna, the free 
end of the matching section is closed through 
a shorting bar or link; this end of the section 
has low impedance, since the other end is con-
nected to a high-impedance point on the 
antenna. 

Spreaders 

11,74,,elhfte 
Offy lenyth 

Shotey1rn4 -"/ 

Fig. 1022 — Half-wave antenna systems with quarter. 
wave open-wirelinear impedance-matehin g transformera. 

When the connection between the matching 
section and the antenna is unbalanced, as in 
the end-fed system, it is important that the 
antenna be the right length for the operating 
frequency if a good match is to be obtained 
(§ 10-7). The balanced center-fed system is less 
critical in this respect. The shorting-bar 
method of tuning tile center-fed system to 
resonance may be used if the matching section 
is extended to a half wavelength, bringing a 
current loop at the free end. 

In the center-fed system, the antenna and 
matching section should be cut to lengths 
found from the equations in § 10-2 and § 10-5. 
Any necessary on-the-ground adjustment can 
be made by adding to or clipping off the open 
ends of the matching section. In tile end-fed 
system the matching section can be adjusted 
by making the line a little longer than neces-
sary and adjusting the system to resonance 
by moving the shorting link up and down. 
Resonance can be determined by exciting the 
antenna at the proper frequency from a 
temporary antenna near by and measuring 
the current in the shorting bar by a low-range 
r.f. ammeter or galvanometer using one of the 
devices of this type described in the chapter on 
measurements. The position of the bar should 
be adjusted for maximum current reading. This 
should be done before the transmission line is 
attached to the matching section. 
The position of the line taps will depend 

upon the impedance of the line as well as on the 
antenna impedance at the point of connection. 
The procedure is to take a trial point, apply 
power to tile transmitter, and then check the 
transmission line for standing waves. This can 
be done by measuring the current in, or voltage 
along, the wires. At any one position along the 
line the currents in the two wires should be 
identical. Readings taken at intervals of a 
quarter wavelength will indicate whether or 
not standing waves are present. 

It will not usually be possible to obtain 
complete elimination of standing waves when 
the matching stub is exactly resonant, but tile 
line taps should be adjusted for the smallest 
obtainable standing-wave ratio. Then a further 
"touching up" of the matching-stub tuning 
will eliminate the remaining standing wave, 
provided the adjustments are carefully made. 
The stub must. be readjusted, because when 
resonant it exhibits some reactance as well as 
resistance at all points except at the ends, and 
a slight lengthening or shortening of tile stub 
Is necessary to tune out this reactance. 

Since the line impedance is ordinarily be-
tween 500 and 600 ohms, the feettne methods of 
coupling may be used between the transmitter 
and the line as are recommended for the delta-
matching system and the `' (.4" matching 
transformer. 
Matching stubs — The operation of the 

quarter-wave matching transformer of Fig. 
1022 may be considered from another — and 
more general — viewpoint. Suppose that sec-
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tion C is looked upon simply as a continuation 
of the transmission line. Then the " free" end 
of the transformer becomes a ."stub" line, 
shunting a section of the main transmission 
line. From this viewpoint., matching the line 
to the antenna becomes a matter of selecting 
the right type and length of stub and attaching 
it to the proper spot along the line. 

Referring to Fig. 1023, at any distance (X) 
from the antenna, the line will have an imped-
ance which may be considered to be made up 
of reactance .(either inductive or capacitive) 
and resistance, in parallel. The reactive com-
ponent, can be eliminated by shunting the line 
at distance X from the antenna with another 
reactance equal in value but opposite in sign 
to the reactance presented by the line at that 
point. If distance X is such that the line pre-
sents an inductive reactance, a corresponding 
shunting capacitive reactance will be required. 

Sendiny End 
 1 

Fig. 1023 — antenna Mid transmiss  line differ 
in impedance, they may be Matched by a short length 
of transmission line, 1, called a stub. Determination of 
the critical dimensions, X and Y, for proper snatching 
depends on whether the stub is open or closed at the end. 

The required compensating reactance may 
be supplied by shunting the line with a stub 
cut to proper length, Y. NVit h the reactances 
canceled only a pure resistance remains as a 
termination for the remainder of the line be-
tween the sending end and the stub, and this 
resistance can be adjusted to match the 
characteristic impedance of the line by ad-
justing the distance X. 

Distances X and Y may be determined 
experimentally, but since their values are 
interdependent the cut-and-try method is 
somewhat laborious. If the standing-wave 
ratio and the positions of the current loops and 
nodes can be measured, the length and position 
of the stub can be found from Figs. 1024 and 
1025. 
Although the standing-wave ratio can be 

measured in terms of either current or voltage, 
measurement of current usually is more con-
venient,. (If the measurements are made with 
a current-squared galvanometer an appropri-
ate correction must be made, since scale 
readings with this type of meter are propor-
tional to power.) With the antenna connected 
to the line but with the stub disconnected, the 
r.f. meter should be moved along the line from 
the antenna toward the sending end until a 
current loop or node is found. Its location 
should be marked and the value of the current 

lenyth of 
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Fig. 1024 — Graph for determining position and length 
of a shorted stub. Dimensions may be converted to linear 
tttt its after values have been taken from the graph. 

recorded. Then the meter should be moved 
along toward the sending end until the next 
loop or node is located (if the first was a loop 
the second will be a node, and vice versa), and 
the current at this point recorded. As a cross-
check for wavelength, the distance between a 
loop and node should be Wi wavelength. The 
standing-wave ratio is the ratio of current at a 
loop to current at a node. 
Once the standing-wave ratio is known, the 

length and position of the stub, in terms of 
wavelength, can be found directly from Figs. 
1024 and 1025. The wavelength in feet for any 
frequency can be found from Equation 1 
(§ 10-2). 
Methods of coupling to the line shown in 

Figs. 1011-B, D, G and H (§ 10-0) can be used. 
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Fie. 1025 — Graph for determining position and length 
of an open stub. Dimensions may he converted to 
linear units after values have been taken from the graph. 

Measuring standing waves — Equipment 
for measuring the standing-wave ratio along 
the transmission line is described in the chapter 
on measurements. At frequencies below 30 
megacycles the thermomilliammeter probably 
is the most reliable instrument and the easiest, 
to use. The absolute value of the current in the 
line is not, important; the ratio between the 
maximum and minimum currents is what is 
required. 
When the standing-wave ratio is low it may 

he difficult to determine the exact location of 
a node or loop since the current changes rather 
slowly at these points. In such a case the fol-
lowing procedure may be adopted: Measure 
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the minimum current, then choose a somewhat 
higher value and locate two points on either 
side of the minimum at which the current 
equals the chosen value. For example, if the 
minimum current is 0.1 ampere, a value of 0.15 
ampere might be chosen and the meter moved 
first to one side and then the other of the 
minimum point until two spots are found 
where the reading is 0.15 ampere. Then the 
node will be just half-way between these two 
points and may be determined very easily by 
measuring the distance. The saine method 
may be used to locate a current loop with more 
exactness than by trying to locate the actual 
point of maximum current. In this ease, of 
course, a value of current slightly lower than 
the maximum value should be chosen. 
A crystal-detector probe pick-up measures 

maximum and minimum voltage rather than 
current. The standing-wave ratio may be 
measured in terms of voltage equally as well 
as in terms of current. However, in using the 
charts for the matching stub system it must be 
kept in mind that a voltage loop occurs at the 
same point as a current node, and vice versa. 

E, 10-9 Long-Wire Antennas 

Definition — An antenna will be resonant 
so lung 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 antenna is more than a half wave 
long it usually is called a long-wire antenna, or 
a harmonic antenna. 

Current and voltage distribution— Fig. 
1026 shows the current and voltage distribu-

A 

D 

4TH HARMONIC( 2-WAVE) 

Fig. 1026— Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-
ous harmonics of its fundamental resonant frequency. 

tion along a wire operating at its fundamental 
frequency (where its length is equal to a half 
wavelength) and at its second, third and 
fourth harmonics. For example, if the funda-
mental 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 Me., the current and voltage 
distribution would be as in C; and at 28 Me., 
the fourth harmonic, as in D. The number of 
bile 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-
mire antenna is not an exact multiple of that of 
a half-wave antenna because the end effects 
(§ 10-2) operate only on the end sections of 
the antenna; in other parts of the wire these 
effects are absent, und the wire length is ap-
proximately that of an equivalent portion of 
the wave in space. The formula for the length 
of a long-wire antenna, therefore, is 

Length (feet) - 491 (N-0.05)  (7) P'reg. (Mc.) 

where N is the number of half waves on the 
antenna. From this, it is apparent that an 
antenna cut as a half wave for a given fre-
quency will be slightly off resonance at exactly 
twice that frequency (on the second harmonic) 
because of the different behavior of end effects 
when there is more than one standing wave on 
the antenna. The effect is not very important 
except for a possible unbalance in the feeder 
system (§ 10-7), which may result. in some 
radiation from the feeder in end-fed sys-
tems. 
Impedance and power gain — The radia-

tion resistance as measured at a current loop 
becomes larger as the antenna length is in-
creased. Also, a long-wire antenna radiates 
more power in its most favorable direction 
than does a half-wave antenna in its most 
favorable direction. This power gain is secured 
at the expense of radiation in other directions. 
Fig. 1027 shows how the radiation resistance 
and the power in the lobe of maximum radia-
tion vary with the antenna length. 



Aillenna Syólern4 211 

2 3 4 5 6 7 8 9 10 11 i2 13 14 
ANTENNA zimEne-À 

Fig. 1029 — Horizontal pa term: of radiation from an 
antenna three half-wares 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. 

Fig. 1027 — Curve A shows variation in radiation re-
sistance with antenna length. Curve 13 shows primer in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 

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 directional character-
istic splits up into " lobes" which make vari-
ous angles with the wire. In general, as the 
length of the wire is increased the direction in 
which maximum radiation occurs tends to ap-
proach the line of the antenna itself. 

Fig. 1028— Horizontal patterns of radiation from a 
full-trate antenna. 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. All three 
patterns are drawn to the same relative scale: actual am-
plitudes will depend upon the height of the antenna. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 1028, 1029 
and 1030, for three vertical angles of radiation. 
Note that, as the wire length increases, the 
radiation along the line of the antenna becomes 
more pronounced. Still longer antennas can 
be considered to have practically " end-on" 
directional characteristics, even at the lower 
radiation angles. 

Fig. 1030 — Horizontal pa terns of radiation from an 
antenna two warelengths lol g. 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. 



212 a,ler 
Methods of feeding — In a long-wire an-

tenna, the currents in adjacent half-wave sec-
tions must be out of phase, as shown In Fig. 
1029 and Fig. 1031. The feeder system must 
not upset this phase relationship. This re-
quirement is met by feeding the antenna at 
either end or at any current loop. A two-wire 
feeder cannot he inserted at a current node, 
however, because this invariably brings the 
currents in two adjacent half-wave sections in 
phase; if the phase in one section could be re-
versed, then the currents in the feeders neces-
sarily would have to be in phase and the feeder 
radiation would not be canceled out. 

Either resonant or nonresonant feeders may 
be used. With the latter, the systems employ-
ing a matching section (§ 10-8) are best. The 
nonresonant line may be tapped on the 
matching section, as in Fig. 1022, or a " Q"-
type section, Fig. 1021, may be employed. 
In such case, Fig. 1032 gives the required surge 
impedance for the matching section. It can 
also be calculated as described in § 10-S 
from the radiation resistance data in Fig. 1027. 
Methods of coupling the line to the trans-

mitter are the same as described in § 10-9 for 
the particular type of line used. 

(A) 

Fig. 1031 — Current distribution and feed points for 
long-, ire antennas. A 3/:..wave antenna is used as an 
illustration. N% ith two-wire feed, the line may be con-
nected at the end of the an enna or at any current loop 
(hut not at a current node) for harmonic operation. 
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C 10-10 Multiband Antennas 
Principles — As suggested in the preceding 

section, the same antenna may be used for 
several bands by operating it on harmonics 
When this is done it is necessary to use reso-
nant feeders, since the impedance matching for 
nonresonant feeder operation can be accom-
plished only at one frequency unless means are 
provided for changing the length of a snatching 
section and shifting the point at which the 
feeder is attached to it. A matching section 
which is only a quarter wavelength long at one 
frequency will be a half wavelength long at 
twice that frequency, and so on; and changing 
the length of the wires, even by switching, is 
so inconvenient as to be impracticable. 

Furthermore, the current loops shift to a new 
position on the antenna when it is operated on 
harmonics, further complicating the feed situa-
tion. It is for this reason t hat a half-wave an-
tenna which is center fed by a rubber-insulated 
line is practically useless for harmonic operation; 
on all even harmonics there is a voltage maxi-
mum occurring right at the feed point, and the 
resultant impedance mismatch is so bad that 
there is a large standing-wave rat io and conse-
quently high losses arise in the rubber dielectric. 
It is also wise not to attempt to use a half-wave 
antenna center fed with coaxial cable, even the 
type using polyethylene dielectric, on its har-
monics. I ligher-impedance solid-dielectric lines 
such as 300-ohm Twin-Lead may be used, how-
ever, provided the power does not exceed a few 
hundred watts. 
When the same antenna is used for work in 

several bands, it must be realized that the 
directional characteristic will vary with the 
band in use. 
Simple systems — Any of the antenna 

arrangements shown in § 10-7 may be used for 
multiband operation by making the antenna a 
half wave long at the lowest frequency to be 
used. The feeders should be a quarter wave 
long (electrical length), or some multiple of a 

quarter wave, at the saine frequency. 
Typical examples, toget her with the 
type of tuning to be used, are given 
in Table II. The figures given rep-
resent a compromise designed to 
give satisfactory operation on all 
the bands considered, taking into 
account the change in required length 
as the order of the harmonic goes 
up. 
A center-fed half-wave antenna 

‘vill not operate as a long wire on 
harmonics, because of the phase re-
versal at the feeders previously men-
tioned (§ 10-9). On the second har-
monic the two antenna sections are 
each a half wave long, and, since the 
currents are in phase, the directional 
characteristic is different from that 
of a full-wave antenna even though 
the over-all length is the same. On the 
fourth harmonic each section is a full 

D 
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Fig. 1032 — Required surge impedance of quarter. cave matching 
sections for radiators of various lengths. Curve A is for a transmis-
sion-line impedance of 440 ohms, curve D is for 470 ohms, curve C 
for 580 ohms and curve D for 600 ohms. Dimensions for matching 
sections of the required impedance are obtained from Fig. 1009. 
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TABLE II 

MULTIBAND RESONANT-LINE FED ANTENNAS 

Antenna 
Length (ft.) 

Feederl 
Length: — ut.) 

Band 7'ype of 
Tuning 

With end feed: 
120 60 4-Me. 'phone series 

series 
parallel 
parallel 
parallel 

series 
parallel 

136 67 3.5-Mc. c.w. 
7 Mc. 

14 Me. 
28 Me. 

134 67 3.5-Me. c.u. 
7 Mc. 

67 33 7 Me. 
14 Me. 
28 Me. 

series 
parallel 
parallel 

With center feed: 
137 67 3.5 Mc. 

7 Mc. 
14 M c. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 

67.5 34 7 Me. 
14 Mr. 
28 Mc. 

parallel 
parallel 
parallel 

The antenna lengths gi 'en represent compromises 
for harmonic operation because of different end 
effects on different ban Is. The 136-foot end-fed 
antenna is slightly long for 3.5 Mc., but will work 
well in the region which quadruples into the 14-Me. 
band (3500-3600 Le.). Bands not listed are not 
recommended for the particular antenna. The cen-
ter-fed systems arc less critical as to length. 
On harmonics, the cod-fed and center-fed anten-

nas will not have the same directional characteris-
tics, as explained in the text. 

wave long, and, again, because of the direc-
tion of current flow, the system will not oper-
ate as a two-wavelength antenna. It should 
not be assumed that these systems are not 
effective radiators; it simply means that the 
directional characteristic will not be that of a 
long wire having the same over-all length. 
Rather, it will resemble the characteristic of 
one side of the antenna, although not neces-
sarily having the same exact form. 

Antennas with a few other types of feed 
systems may be operated on harmonics for the 
higher-frequency bands, although their per-
formance is somewhat impaired. The single-
wire fed antenna (§ 10-8) may be used in this 
way; the feeder and antenna will not be 
matched exactly on harmonics, with the result 
that standing waves will appear on the feeder, 
but the system as a whole will radiate. A better 
match will be obtained if the point of connec-
tion of the feeder to the antenna is made 
exactly one-third the over-all antenna length 
from one end. While this disagrees slightly 
with the figures given for a half-wave antenna, 
it has been found- to work better on the 
harmonic frequencies. 

The "Q" antenna system (§ 10-8) also can 
be operated on harmonics, but the line cannot 
operate as a nonresonant line except at the 
fundamental frequency of the antenna. For 
harmonic operation the line must be tuned, and 
therefore the feeder length is important. The 
tuning system will depend upon the number of 
quarter waves on the line, including the " Q" 
bars. The concentric-line fed antenna (§ 10-8) 
may he used on harmonies, if the concentric 
line is air-insulated. Its operation on harmonics 
is similar to that of the " Q." This antenna is 
not recommended for multiband operation 
with a solid-dielectric line, however. 
The delta-match system (§ 10-8) can be used 

on harmonics, although some standing waves 
will appear on the line. For that matter, any 
antenna system can be used on harmonic fre-
quencies by tying the feeders together at the 
transmitter end and feeding the system as a 
single wire by means of a tuned circuit coupled 
to the transmitter. 
A simple antenna system without feeders, 

useful for operation on five bands, is shown in 
Fig. 1033. On all bands from 3.5 Mc. upward it 
operates as an end-fed antenna — half wave 
on 3.5 Me., long wire on the other hands. On 
1.75 Me. it is only a quarter wave in length, and 
must be worked against ground. On this band, 
since it is fed at a high-current point, series 
tuning (§ 10-6) must be used. 
Antennas for restricted space— If the 

space available for the antenna is not large 
enough to accommodate the length neces-
sary 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 quar-
ter wavelength and still 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 de-
sired band otherwise would be impossible. 

Fig. 1033 — A simple antenna system for five ama-
teur bands. The antenna is voltage fed on 3.5, 7, 14 and 
28 Mc., working on the fundamental, second, fourth and 
eighth harmonics, respectively. For 1.75 Mc. the system 
is a quarter-wave grounded antenna, in which ease 
series tuning must be used. The antenna wire should be 
kept well in the clear and should be as high as possible. 
If the length of the antenna is increased to approximate-
ly 260 feet, voltage feed can be used on all. five bands. 
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Resonant feeders are a practical necessity 

with such an antenna system, and a center-fed 
antenna will give best all-around performance. 
With end feed the feeder currents become 
badly unbalanced and, since lengths midway 
between those requiring series or parallel 
tuning ordinarily must be used to bring the 
entire system to resonance, coupling to the 
transmitter often becomes difficult. 

With center feed practically any convenient 
length of antenna can be used, if the feeder 
length is adjusted to accommodate at least 
one half-wave around the whole system. 
Typical cases are shown in Fig. 1034, one for 

(A) 

Fig. 1034 — Current distribution on short antennas. 
Those at the left are too short for fundamental opera-
tion, one (A) having an over-all length of one quarter-
wave; the other (C) being longer hut not a half is a ve 
bug. These systems may he used wherever space to erect 
a full half-wave antenna is not available. The current 
distribution for second-harmonic operation k shown at 
the right of each figure (B and D). In A and C, the total 
length around the system is a half wave at the muda. 
mental. In B and D, the over-all length is a full wave. 
Arrows show the instantaneous direction of current flow. 

an antenna having a length of one quarter-
wave (A) and the other for an antenna some-
what longer (C) but still not a half wave long. 
Current distribution is shown for both funda-
mental and second harmonic. From the points 
marked X, resonant feeders any convenient 
number of quarter waves in length may be 
extended to the operating room. The sum of 
the distances on each wire from X to the an-
tenna end must equal a half wave. It is suffi-
ciently accurate to use Equation 2 (§ 10-2) 
in calculating this length. Note that X-X is a 
high-current point on these shortened anten-
nas, corresponding to the center of a half-wave 
antenna. It is also apparent that the antenna 
at A is a half-wave antenna on the next higher-
frequency band (B). 
A practical antenna of this type can be made 

as shown in Fig. 1035. Table III gives a few 

recommended lengths. Remembering the pre-
ceding discussion, however, the antenna can 
be made any convenient length, provided the 
feeder is considered to " begin" at X-X and the 
line length is adjusted accordingly. 
Bent antennas — Since the field strength at 

a distance is proportional to the current in the 
antenna, the high-current part of a half-wave 
antenna (the center quarter wave, approxi-
mately) does most of the radiating (§ 10-1). 
Advantage can be taken of this fact when the 
space available does not permit erecting 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. 

TABLE III 

ANTENNA AND FEEDER LENGTHS FOR SHORT 
M ULT1BAND ANTENNAS, CE.NTER FED 

Antenna 
Length (ft.) 

Feeder 
Length 
(ft.) 

Band Type of 
Tuning 

100 38 3.5 Mc. 
7 Me. 

14 Me. 
28 Mc. 

parallel 
series 
series 
series or 
parallel 

series 
parallel 
parallel 
parallel 

67.5 34 3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

50 43 7 Me. 
14 Mc. 
28 Me. 

parallel 
parallel 
parallel 

33 51 7 Me. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

parallel 
series 
parallel 

33 31 7 Mc. 
14 Me. 
28 Mc. 

The operation is illustrated in Fig. 1036. 
Such an antenna will be a somewhat bet-
ter radiator than the arrangement of Fig. 
1034-A on the lowest frequency, but is not so 
desirable for multiband operation because the 
ends play an increasingly important part as the 
frequency is raised. The performance of the 
system in such a case is difficult to predict, 

Tuning 
Apparatus 

Fig. 1035 — Practical arrangement of a shortened an-
tenna. The total length, A + B B -F A, should be a 
half wavelength for the lowest-frequency band, usually 
3.5 Mc. See Table III for lengths and tuning data. 
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especially if the ends are vertical (the 
most convenient arrangement), because 
of the complex combination of horizontal 
and vertical polarization which results as 
well as the dissimilar directional charac-
teristics. 

Fig. 1036 — 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 ami 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. 

11. 10-1 1 Long-Wire DirectiveArrays 

The " V" antenna— It has been em-
phasized that, as the antenna length is 
increased, the lobe of maximum radiation makes 
a more acute angle with the wire (§ 10-9). Two 
such wires may be combined in the form of a 
horizontal " V" so that the main lobes from 
each wire will reinforce along a line bisecting the 
angle between the wires. This increases both 
gain and directivity, since the lobes in direc-
tions other than along the bisector cancel to a 
greater or lesser extent. The horizontal " V" 
antenna therefore transmits best in either di-
rection (is bidirectional) along a line bisect-
ing the " V" made by the two wires. The power 
gain depends upon the length of the wires. 
Provided the necessary space is available, 
the " V" is a simple antenna to build and 
operate. It can also be used on harmonies, 
so that it is suitable for multiband work. 
The " V" antenna is shown in Fig. 1037. 

a 

Fig. 1037 — The "V" antenna, made by combining 
two long wires in such a way that each reinforces the 
radiation from the other. The important quantities arc 
the length of each leg and the angle between the legs. 

Fig. 1038 shows the dimensions that should 
be followed for an optimum design to obtain 
maximum power gain for different-sized " V" 
antennas. The longer systems give good 
performance in multiband operation. Angle a 
is approximately equal to twice the angle of 
maximum radiation for a single wire equal in 
length to one side of the " V." 
The wave angle referred to in Fig. 1038 is 

the vertical angle of maximum radiation 
(§10-1). Tilting the whole horizontal plane of 
the "V" will tend to increase the low-angle 
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Fig. 1038— Desist' , hart for horizontal "V" antennas, giving 
the enclosed angle between sides vs. the length of the wires. 

radiation off the low end and decrease it off the 
high end. 
The gain increases with the length of the 

wires, but is not exactly twice the gain for a 
single long wire as given in Fig. 1027. In the 
longer lengths the gain will be somewhat 
increased, because of mutual coupling between 
the wires. A " V" eight wavelengths on a leg, 
for instance, will have a gain of about 12 db. 
over a half-wave antenna, whereas twice the 
gain of a single 8-wavelength wire would be 
only approximately 9 db. 
The two wires of the " V" must be fed out of 

phase, for correct operation. A resonant line 
may simply be attached to the ends, as shown 
in Fig. 1037. Alternatively, a quarter-wave 
matching section may be employed and the 
antenna fed through a nonresonant line 
(§ 10-8). If the antenna wires are made multi-
ples of a half wave in length (use Equation 
7 in § 10-9, for computing the length), the 
matching section will be closed at the free end. 
The rhombic antenna— The horizontal 

rhombic or " diamond" antenna is shown in 
Fig. 1039. Like the " V," it requires a good deal 
of space for erection, but it is capable of giving 
excellent gain and directivity. It also can be 
used for multiband operation. In the ter-
minated form shown in Fig. 1039, it operates 
like a nonresonant transmission line, without 
standing waves, and is unidirectional. It may 
also be used without the terminating resistor, 
in which case there are standing waves on the 
wires and the antenna is bidirectional. 
The important quantities influencing the 

design of the rhombic antenna are shown in 
Fig. 1039. While several design methods may 
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called 
"compromise" method. The chart of Fig. 
1040 gives design information based on a 
given length and wave angle to determine the 
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Fig. 1039 — The horizontal rhombic or diamond antenna, termi-
nated. Important design dimensions are indicated; details in text. 

remaining optimum dimensions for best opera-
tion. Curves for values of length of 2, 3 and 4 
wavelengths are shown, and any intermediate 
valises may be interpolated. 

With all other dimensions correct, an increase 
in length causes an increase in power gain and 
a slight reduction in wave angle. An increase 
in height also causes a reduction in wave angle 
and an increase in power gain, but not to the 
same extent as a proportionate increase in 
length. For multiband work, it is satisfactory 
to design the rhombic antenna on the basis of 
14-Mc. operation, which will permit work 
from the 7- to t he 28-Mc, bands as well. 
A value of 800 ohms is correct- for the 

terminating resistor for any properly-con-
structed rhombic, and the system behaves as 
a pure resistive load under this condition. The 
terminating resistor must. be capable of safely 
dissipating one-half the power output. ( to 
eliminate the rear pattern), and should be 
noninductive. Such a resistor may be made up 
from a carbon or graphite rod or from a long 
800-ohm transmission line using resistance 
wire. If the carbon rod or a similar form of 
lumped resistance is used, the device should be 
suitably protected from weather effects, i.e., 
it, should be covered with a good asphaltic 
compound and sealed in a small lightweight 
box or fiber tube. Suitable nonreactive termi-
nating resistors are also available commer-
cially. 

For feeding t he antenna, the antenna im-
pedance will be matched by an 800-ohm line, 
whirls may be constructed from No. 16 wire 
spared 20 inches or from No. 18 wire spaced 
16 inches. The 800-ohm line is somewhat 
ungainly to install, however, and may be 
replaced by an ordinary 600-ohm line with 
only a negligilde mismatch. Alternatively, 
a matching section may be installed between 
the antenna terminals and a low-impedance 
line. However, when surit an arrangement is 
used, it will be necessary to change the match-
ing-section constants for each different band on 
which operation is contemplated. 

.5 
k .4 

The same design details apply to 
the unterminated rhombic as to the 
terminated type. When used without 
a terminating resistor, the system is 
bidirectional. Resonant feeders are 
preferable for the unterminated rhom-
bic. A nonresonant line may be used 
by incorporating a matching section 
at the antenna, but is not readily 
adaptable to multiband work. 
Rhombic antennas will give a 

power gain of 8 to 12 db. or more for 
leg lengths of two to four wave-
lengths, when constructed according 
to the charts given. In general, the 
larger the antenna, the greater the 
power gain. 
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Fig.1040 — Compromise-method design chart for rhotai. 
bic antennas of various leg lengths and wave anales. The 
following examples illustrate the use of the chart: 

(1) Given: 
Length (L) = 2 wavelengths. 
Desired wave angle (a) = 20°. 

To Find: II, 4.. 
Method: 
Draw vertical line through point a (L = 2 wave-

lengglia) and point I. on abscissa (à = 20°). Read 
angle of tilt (44 for point a and height (If) from 
intersection of line ab at point con curve 11. 

Result: 
4, = 60.5°. 
// = 0.73 wavelength. 

(2) Given: 
Length (L) = 3 wavelengths. 
Angle of tilt (0) = 

To Find: II, à. 
Method: 
Draw a vertical line from point d on curve L = 3 

uavelengths at = 78°. Read intersection of 
this line on curve // (point e) for height, and 
intersection at point .1 on the abscissa for .1_ 
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78 
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74 64 
1,t 

e‘ >. 

2 144 

40 

Result: 
H = 0.56 wavelength. 
â= 26.6°. 

20 30 

41 10-12 Directive Arrays with Driven 
Elements 

Principles — By combining individual half-
wave antennas into an array with suitable 
spacing between the antennas (called elements) 
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and feeding power to them simultaneously, it 
is possible to make the radiated fields from the 
individual elements add in a favored direction, 
thus increasing the field strength in that 
direction as compared to that produced by 
one antenna element alone. In other direc-
tions the fields will more or less oppose each 
other, giving a reduction in field strength. 
Thus a power gain in the desired direction is 
secured at the expense of a power reduction 
in other directions. 

Besides the spacing between elements, the in-
stantaneous direction of current flow (phase) 
in individual elements determines the directiv-
ity and power gain. There are several methods 
of arranging the elements. If they are strung 
end to end, so that all lie on the saine straight 
line, the elements are said to be collinear. If 
they are parallel and all lying in the same 
plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents are not 
in phase. Elements which receive power from 
the transmitter through the transmission line 
are called driven elements. 
The power gain of a directive system in-

creases with the number of elements. The 
proportionality between gain and number of 
elements is not simple, however. The gain de-
pends upon the effect which the spacing and 
phasing has upon the radiation resistance of the 
elements, as well as upon their number. 

Collinear arrays — Simple forms of col-
linear arrays, with the current distribution, 
are shown in Fig. 1041. The two-element array 
at A is popularly known as " two half waves 
in phase." It will be recognized as simply a 
center-fed antenna operated at its second 
harmonic. The way in which the number of 
elements may be extended for increased direc-
tivity and gain is shown in Fig. 1041-B. Note 
that quarter-wave transmission lines are used 
between each element; these give the reversal 
in phase necessary to make the currents in 
individual antenna elements all flow in the 
same direction at the same instant. Another 
way of looking at it is to consider that the 
whole system is a long wire, with alternate 
half-wave sections folded so that they do not 
radiate. Any phase-reversing section may be 
used as a quarter-wave matching section for 
attaching a nonresonant feeder (§ 10-8), or a 
resonant transmission line may be substituted 
for any of the quarter-wave sections. Also, the 
antenna may be end fed by any of the systems 
previously described (§ 10-7, 10-8), or any 
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TABLE IV 

THEORETICAL GAIN OF COLLINEAR HALF-WAVE 
ANTENNAS 

Spacing honreen 
centers of adjacent 

half waves 

Number of half wares 
in nrrny vs. gain in dh. 

2 

Ya Wave 
Wave 

1.8 
3.2 

3.3 
4.8 

•4.5 
6.0 

5.3 
7.0 

6.2 
7.8 

element may be center fed. It s best to feed at 
the center of the array, so that the energy will 
be distributed as uniformly as possible among 
the elements. 
The gain and directivity depend upon the 

number of elements and their spacing, center-
to-center. This is shown by Table IV. Al-
though %-wave spacing gives greater gain, 
it is difficult to construct a suitable phase-
reversing system when the ends of the antenna 
elements are widely separated. ll'or this reason, 
the half-wave spacing is most generally used 
in actual practice. 

Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount-
ing gives increased horizontal directivity, while 
the vertical directivity remains the same as for 
a single element at the same height. Vertical 
mounting gives the same horizontal pattern as 
a single element, but concentrates the radiation 
at low angles. It is seldom practicable to use 
more than two elements vertically at fre-
quencies below 14 Mc. because of the excessive 
height required. 
Broadside arrays — Parallel antenna ele-

ments with currents in phase may be com-
bined as shown in Fig. 1042 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 number of 
elements and the spacing, the gain for different 
spacings being shown in Fig. 1043. Half-wave 
spacing generally is used, since it simplifies the 
problem of feeding the system when the array 
has more than two elements. Table V gives 
theoretical gain as a function of the number of 
elements with half-wave spacing. 

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 be-
comes quite sharp, while the vertical pattern is . 
the same as that of one element alone. If the 
array is suspended horizontally, the horizontal 
pattern is equivalent to that of one element 

Fig. 1041 — Collinear half-wave antennas in 
phase. The system at A is generally known as 
"two half waves in phase." B is an extension of 
the system; in theory the number of elements 
may be carried on indefinitely, but practical con-
siderations usually limit the elements to four. 
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TABLE V 

THEORETICAL GAIN PS. NUMBER or BROADSIDE 
ELEMENTS (II ALF•WAVE SPACING) 

IV& of elements Gain 

2 
3 
4 
5 
6 

reeier 

4 (111. 
5.5 
7 db. 
8 db. 
9 db. 

«Ow 

Fig. 1042 — Broadside array using parallel half-wave 
elements. Arrows indicate the direction of current flow. 
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable  her of ele-
ments may be used. The array is bidirectional, is it h 
maximum radiation "broadside" or perpendicular to the 
antenna plane ( perpendicularly through this page). 

while the vertical pattern is sharpened, giving 
low-angle radiation. 

Broadside arrays may be fed either by reso-
nant transmission lines (§ 10-7) or through 
quarter-wave matching sections and non-
resonant lines (§ 10-8). In Fig. 1042, note the 
"crossing over" of the feeders, which is neces-
sary to bring the elements in proper phase 
relationship. 
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Fig. 1043 — Gain es. spacing for two parallel half-was e 
eletuen ta combined as either broadside or end-lire arrays. 

Combined broadside and collinear arrays 
— Broadside and collinear arrays may be 
combined to give both horizontal and vertical 
directivity, as well as additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 1044. The lower angle of radia-
tion resulting from stacking elements in the 
vertical plane is desirable at the higher fre-
quencies. In general, doubling the number of 
elements in an array by stacking will raise the 
gain from 2 to 4 db., depending upon whether 
vertical or horizontal elements are used — that 
is, whether the stacked elements are of the 
broadside or collinear type. 

...— A/2 

Fig. 1044— Combination broadside and collinear ar-
rays. A, with vertical elements; 13, with horizontal ele-
ments. Both arrays give low-angle radiation. Two or 
more sections may he used. The gain in die. will be equal, 
approximately, to the sum of the gain for one set of 
broadside elements (Table V) plus the gain of one set of 
collinear elements (Table IV). For example, in A each 
broadside set has four elements (gain 7 db.) and each 
collinear set two elements (gain 1.8 (lb.), giving a total 
gain of 8.8 db. lii B, each broadside set has tu o elements 
(gain 1 (lb.) and each collinear set three elements ( gain 
3.3 db.), making the total gain 7.3 db. The result is not 
strictly accurate, because of mutual coupling between 
the elements, but is good enough for practical purposes. 

The arrays in Fig. 1044 are shown fed from 
one end, but this is not especially desirable in 
the case of large arrays. Better distribution of 
energy between elements, and hence better 
all-around performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus, in the 8-element 
array at A, the feeders could be introduced at 
the middle of the transmission line between the 
second and third set of elements, in which case 
the connecting line would not be transposed. 
Alternatively, the antenna could be constructed 
with the transpositions as shown and the 
feeder connected between the adjacent ends of 
either the second or third pair of collinear 
elements. 
A four-element array of the general type 

shown in Fig. 1044-B, known as the " lazy H" 
antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated. in Fig. 1045. 

I 
7 

r 

feed 

Fig. 1045— A four-element combination broadside. 
collinear array, popularly known as the "lazy 11" 
antenna. A closed quarter-wave stub may be used 
at the feed point to match into a 600-ohm transmission 
line, or resonant feeders may he attached at the p • t 
indicated. The gain over a half-wave antenna is Sto 6 db. 

End-fire arrays — Fig. 1046 shows a pair 
of parallel half-wave elements with currents 
out of phase. This is known as an end-fire array, 
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because it radiates best along the line 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. 1043 shows how the 
gain varies with spacing. End-fire elements may 
be combined with additional collinear and 

ell 

••• 

(A) 
Fig. 1046— End-fire arrays using parallel half-wave 
elements. The elements are" shown with half-wave spac-
ing to illustrate feeder connections. In practice, closer 
spacings are desirable, as shown by Fig. 1043. Direction 
of maximum radiation is shown by the large arrows. 

broadside elements to give a further increase in 
gain and directivity. 

Either resonant or nonresonant lines may be 
used with this type of array. Nonresonant lines 
preferably are matched to the antenna through 
a quarter-wave matching section (§ 10-8). 
Checking phasing— Figs. 1044 and 1046 

illustrate a point in connection with feeding 
a phased antenna system which sometimes is 
confusing. In Fig. 1046, when the transmission 
line is connected as at A there is no cross-
over in the line connecting the two antennas, 
but when the transmission line is connected to 
the center of the connecting line the cross-
over becomes necessary (B). This is because 
in B the two halves of the connecting line are 
simply branches of the same line. In other 

(A) 

0.64X 

(D) 

0.64X 

words, even though the connecting line in B 
is a half wave in length, it is not actually a 
half-wave line but two quarter-wave lines in 
parallel. The same thing is true of the un-
transposed line of Fig. 1044. Note that, under 
these conditions, the antenna elements are in 
phase when the line is not transposed, and 
out of phase when the transposition is made. 
The opposite is the case when the half-wave 
line simply joins two antenna elements and 
does not have the feed line connected to its 
center, as in Fig. 1042. 
Adjustment of arrays— With arrays of 

the types just described, using half-wave 
spacing between elements, it will usually 
suffice to make the length of each element 
that given by the equation for a half-wave 
antenna in § 10-2, while the half-wave phasing 
lines between the parallel elements can be cal-
culated from the formula: 

Length of half- 482 X 0.975 480  
wave line (feet) = Freq. (Mc.) = Freq.. (Mc.) 

The spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments of line or element length 
or spacing are needed, provided the formulas 
are followed carefully. 

With collinear arrays of the type shown in 
Fig. 1041-B, the same formula may be used 
for the element length while the length of the 
quarter-wave phasing section can be found 
from the following formula: 

Length of quarter-wave 240  
line (feet) Freq. (Mc.) 

If the array is fed at its center it should not be 
necessary to make any particular adjustments, 
although, if desired, the whole system can be 
resonated by connecting an r. f. ammeter in the 
shorting link on each phasing section and 
moving the link back and forth to find the 
maximum current position. This refinement is 
hardly necessary in practice, however, so long 
as all elements are the same length and the 
system is symmetrical. 

Fig. 1047 — Simple directive-antenna systems. A is a 
two-element end-fire array; B is the same array with 
center feed, which permits use of the array on the second 
harmonic, where it becomes a four-element array with 
quarter-wave spacing. C is a four-element end-fire array 
with A.wave spacing. D is a simple two-element broad-
side array using extended in-phase antennas ("extended 
(louble-Zepp"). The gain of A and B is slightly over 4 db. 
On the second harmonic, B will give about 5 db. gain. 
With C, the gain is approximately 6 db., and with D, 
approximately 3 db. in A, B and C, the phasing line 
contributes about 1/16 wavelength to the transmis-
sion line; when B is used on the second harmonic, 
this contribution is 54 wavelength. Alternatively, the 

antenna ends may be bent to meet 
the transmission line, in which case 
each feeder is simply connected to one 

antenna. In D, points Y. Y indicate a quarter-wave point 
(high current) and X-X a half-wave point (high volt-
age). The line may be extended in multiples of quarter 
waves if resonant feeders arc to be used. A, B, and 
C may be suspended on wooden spreaders. The plane 
containing the wires should be parallel to the ground. 
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Simple arrays — Several simple directive 
antenna systems using driven elements have 
achieved rather wide use among amateurs. 
Four of these systems are shown in Fig. 1047. 
Tuned feeders are assumed in all cases; how-
ever, a matching section (§ 10-8) readily can be 
substituted if a nonresonant transmission line 
is preferred. Dimensions given are in terms of 
wavelength; actual lengths can be calculated 
from the equations in § 10-2 for the antenna 
and from t he equation above for the reso-
nant transmission line or matching section. 
In eases where the transmission-line proper 
connects to the midpoint of a phasing line, only 
half the length of the latter should be added to 
the line to find the quarter-wave point. 
At A and B are two-element end-fire arrange-

ments using close spacing. They are electrically 
equivalent; the only difference is in the method 
of connecting the feeders. B may also be used 
as a four-element array on the second har-
monic, although the spacing is not quite op-
timum ( Fig. 1043) for such operation. 
A close-spaced four-element array is shown 

at C. It will give about 2 db. more gain than 
the two-clement array. 
The antenna at 1), commonly known as the 

"extended double Zepp," is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half-
wave center-to-center spacing, but without 
introducing feed complications. The elements 
are madc longer than a half wave in order to 
bring this about. The gain is 3 db. over a single 
half-wave antenna, and the broadside direc-
tivity is quite sharp. 
The antennas of A and 13 may be mounted 

either horizontally or vertically; horizontal 
suspension (with the elements in a plane paral-
lel to the ground) is recommended, since this 
tends to give low-angle radiation without an 
unduly sharp horizontal pattern. Thus these 
systems are useful for coverage over a wide 
horizontal angle. The system at C, when 
mounted horizontally, will have a sharper hor-
izontal pattern than the two-element arrays. 

4110-13 Directive Arrays with 
Parasitic Elements 

Parasi ic excitation — The antenna arrays 
described in § 10-12 are bidirectional; that is, 
they will radiate in directions both to the 
"front" and to the " back" of the antenna sys-
tem. If radiation is wanted in only one direc-
tion (for instance, north only, instead of north-
south), it is necessary to use different element 
arrangements. In most of these arrangements 
the additional elements receive power by in-
duction or radiation from the driven element, 
generally called the " antenna," and reradiate 
it 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 
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the 
parasitic element tuning (which usually is ad-
justed by changing its length) and; particularly 
when the element is self-resonant, upon the 
spacing between it and the antenna. 
Gain vs. spacing — The gain of an antenna-

reflector or an antenna-director combination 
varies chiefly with the spacing between the 
elements. The way in which gain varies with 
spacing is shown in Fig. 1048, for the special 
case of self-resonant parasitic elements. This 
chart also shows how the attenuation to the 
"rear" varies with spacing. The saine spacing 
does not necessarily give both maximum for-
ward gain and maxi nom backward attenua-
tion. Backward attenuation is desirable when 
the antenna is used for receiving, since it 
greatly reduces interference coming from the 
opposite direction to the desired signal. 
Element lengths — The antenna length is 

given by the formulas in § 10-2. The director 
and reflector lengths must be determined ex-
perimentally for maximum performance. The 
preferable method is to aim the antenna at a 
receiver a mile or more distant and have an 
observer check the signal strength (on the re-
ceiver " S" meter) while the reflector or direc-
tor is adjusted a few inches at a time, until the 
length which gives maximum signal is found. . 
The attenuation may be similarly checked, the 
length being adjusted for minimum signal. In • 
general, for best front-to-back ratio the length 
of a director will be about 4 per cent less than 
that of the antenna. The reflector will be about 
5 per cent longer than the antenna. 
Simple systems; the rotary beam — Four 

practical combinations of antenna, reflector 
and director elements are shown in Fig. 1049. 
Spacings which give maximum gain or maxi-
mum front-to-back ratio (ratio of power radi-
ated in the desired direction to power radiated 
in the opposite direction) may be taken from 
Fig. 1048. In the chart, the front-to-hack 
ratio in db. will be the sum of gain and 
attenuation at the saine spacing. 

Systems of this type are popular for rotary-
beam antennae, where the entire antenna sys-
tem is rotated, to permit its gain and directiv-
ity 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. 

Arrays using more than one parasitic ele-
ment, such as those shown at C and D in Fig. 
1049, will give more gain and directivity than 
is indicated for a single reflector and director 
by the curves of Fig. 1048. The gain with a 
properly-adjusted three-element array (an-
tenna, director and reflector) will be 5 to 7 
db. over a half-wave antenna. Somewhat higher 
gain still can be secured by adding a second 
director to the system, making a four-element 
array. The front-to-back ratio is correspond-
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Fig. 1048— Gain ts. clement spacing r or an antenna 
and one parasitic element. The reference point, 0 db., is 
the field strength f  . a lialf-m ave antenna alone. The 
greatest gain is in direction A at spacings of less than 
0.14 wavelength, and in direction B at greater spacings. 
The front-to•leack ratio is" the difference in db. between 
curves A and B. Variation in rad Lion resistance of the 
driven element also is shown. These curves are for a self. 
resonant parasitic element. At  st 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. ' 1'his also improves the front-to•back ratio. 

ingly improved as the number of elements is 
increased. 
The elements in close-spaced (less than one-

quarter wavelength element spacing) arrays 
preferably should be macle of tubing of one-
half to one-inch diameter. A conductor of 
large diameier not only has less ohmic re-
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Fig. - 1049 — Half-wave antennas with parasitic ele-
ments. A, with director; B, with reflector; C, with both 
director and reflector; D, two directors and one reflector. 
Gain is approximately as shown by Fig. 1048, in the first 
MO Cases, and depends upon the spacing and length of 
the parasitic element. In the three- and four-element 
arrays a reflector spacing of 0.15 wavelength mill 
give slightly more gain than 0.1-wavelength spacing. 
Arrows show the direction of maximum radiation. 

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 
single half-wave dipole. With 3- and 4-element 
arrays the radiation resistance of the driven 
element may be as low as 6 or 8 ohms, so that 
ohmic losses in the conductor can consume an 
appreciable fraction of the power. Low radia-
tion resistance means that the antenna will 
work over only a small frequency range with-
out retuning unless large-diameter conductors 
are used. In addition, the antenna elements 
should be rigid because if they are free to move 
with respect to each other, the array will tend 
to show detuning effects under windy condi-
tions. 
Feeding close-spaced arrays — While any 

of the usual methods of feed may be applied 
to the driven element of a parasitic array, the 
fact that, with close spacing, the radiation re-
sistance as measured at the center of the driven 
element drops to a very low value makes some 
systems more desirable than others. The pre-
ferred methods are shown in Fig. 1050. Reso-
nant feeders are not recommended for lengths 
greater than a half wavelength. 
The quarter- or half-wave matching stubs 

shown at A and B in Fig. 1050 preferably 
should be constructed of tubing with rather 
close spacing, in the manner of the " Q" sec-. 
tion. This lowers the impedance of the match-
ing section and makes the position of the 
line taps somewhat less difficult to determine 
accurately. The line adjustment should be 
made only with the parasitic elements in 
place, and after the correct element lengths 
have been determined, it should be checked to 
compensate for changes likely to occur because 
of element tuning. The procedure is the same 
as that described in § 10-8. 

'rite concentric-line matching section at C 
will work with fair accuracy into a close-spaced 
parasitic array of 2, 3 or 4 elements without 
necessity for adjustment. The line is used as 
an impedance-inverting transformer, and, if its 
characteristic impedance is 70 ohms, it will give 
an exact match to a 600-ohm line when the 
resistance at the termination is about 8.5 ohms. 
Osier a range of 5 to 15 ohms the mismatch, and 
therefore the standing-wave ratio, will be less 
than 2 to 1. The length of the quarter-wave sec-
tion may be calculated from Equation 5 
(§ 10-5). • 
The delta matching transformer shown at D 

is probably easier to install, mechanically, 
than any of the others. The positions of the 
taps (dimension a) must be determined ex-
perimentally, along with the length, b, by 
checking the standing-wave ratio on the line 
as adjustments are made. Dimension b should 
be about 15 per cent longer than a. 
The system shown at E ("T" match) re-

sembles the delta match in principles of opera-
tion. It has the advantage that, with close 
spacing between the two parallel conductors. 



222 chapter iflen 

(B) 

600-ohm 
//ne 

(E) 

Movable 
itishortiily bar 

= #1' 
/levees 
snort" Oat 

oh» 
/Me 

Fig. 1050 — Recommended methods of feeding the 
driven antenna element in close-spaced parasitic arrays. 
The parasitic elements are not shown. A, quarter-wave 
open stub; II, half-wave closed stub; C, concentric-line 
quarter-wave matching section; D, delta matching 
transformer; E, " T" matching transformer. Adjustment 
details are discussed in the text. 

line radiation from the matching section is 
negligible whereas radiation from a delta may 
be considerable. It is adjusted by moving the 
shorting bars, keeping them equidistant from 
the center, until there are no standing waves 
on the line. The matching section may be made 
of the same type of conductor used for the 
driven element and spaced a few inches from it. 

The " folded dipole" shown in Fig. 1051 may 
be used as the driven element of a close-spaced 
parasitic array to secure an impedance step-up 
to the transmission line and also to broaden 
the resonance curve of the antenna. The folded 
dipole consists of two or more half-wave 
antennas connected together at the ends with 
the feeder connected to the center of only one 
of the antennas. The spacing between the 
parallel antennas should be small — of the 
order of the spacing used between wires of a 
transmission line. The current in the system 
divides in approximate proportion to tho areas 

Fig. 1051— Various forms of folded drpole. In cal-
culating the element lengths, the tota I ingth around 
any loop starting with the transmission-line terminals 
should equal one wavelength (twice the lc igth given by 
the appropriate formula, in view of conductor diameter, 
in § 10-2) so that the lengths of the conni.cting liars at 
the ends are included. 

of the conductors, resulting in an impedance 
step-up at the input terminals. With two 
similar conductors (equal areas) the impedance 
step-up is 4 to 1; if there are three similar 
conductors (or if the one not connected to the 
transmission line has twice the diameter of the 
other) the step-up is 9 to 1; if the ratio of the 
areas is 3 to 1 the step-up is 16 to 1, and so 
on. Thus if a 3-conductor dipole (all conduc-
tors the saine diameter) is used as the driven 
element of a four-element parasitic array the 
renter impedance of approximately 8 ohms is 
multiplied by 9 and appears as approximately 
72 ohms at. the input terminals. Such a system 
therefore can be fed directly from a 70-ohm 
line with no additional means for matching. 
Sharpness of resonance— Peak perform-

ance of a multielement parasitic array de-
pends upon proper phasing or tuning of the 
elements, which can be exact for one fre-
quency only. In the case of close-spaced ar-
rays, 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 kc. at 28 Mc. However, the antenna 
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. 
As mentioned in the preceding paragraphs, 

the use of large-diameter conductors will 
broaden the response curve of an array be-
cause the larger diameter lowers the Q (§ 10-2). 
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 ele-
ments to form arrays composed of collinear 
driven and parasitic elements and combination 
broadside-collinear-parasitic elements. Thus 
two or more collinear elements might be pro-
vided with a collinear reflector or director set, 
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one parasitic element to each driven element. 
Or both directors and reflectors might be used: 
A broadside-collinear array could be treated 
in the same fashion. 
When combination arrays are built up, a 

rough approximation of the gain to be ex-
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From 
Table IV, the gain of four collinear elements is 
4.5 db. with half-wave spacing; from Fig. 1043 
or Table V, the gain of two broadside elements 
at half-wave spacing is 4.0 db.; from Fig. 1048, 
the gain of a parasitic reflector at quarter-wave 
spacing is 4.5 db. The total gain is then the 
sum, or 13 db. for the sixteen elements. Note 
that using two sets of elements in broadside is 
equivalent to using two elements, so far as 
gain is concerned; similarly with sets of re-
flatters, as. against one antenna and one re-
flector. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distrjbuted between the 
various elements and upon the effect which 
mutual coupling between elements has upon 
the radiation resistance of the array, and may 
be somewhat higher or lower than the estimate. 
A great many directive antenna combina-

tions can be worked out by combining ele-
ments according to these principles. 

E. 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 the wire, the more 
energy it abstracts from the wave. Because of 
the high sensitivity of modern receivers, a 
large antenna is not necessary for picking up 
signals at good strength. An indoor wire only 
15 to 20 feet long will serve at frequencies 
below the v.h.f. range, although a longer wire 
outdoors is better. 
The use of a tuned antenna improves the 

operation of the receiver, however, because the 
signal strength is raised more in proportion to 
the stray noises picked up than is the case 
with wires of random length. Since the trans-
mitting antenna usually is given the best loca-
tion, it can also be expected to serve best for 
receiving. This is especially true when a direc-
tive antenna is used, since the directional ef-
fects and power gain of directive transmitting 
antennas are the same for receiving as for 

transmitting. A change-over switch or relay, 
connected in the antenna leads, can be used to 
transfer the connections from the receiver to 
the transmitter. 

In selecting a directional receiving antenna it 
is preferable to choose a type which gives very 
little response in all but the desired direction 
(small minor lobes). This is even more impor-
tant than high gain in the desired direction, 
because the cumulative response to noise and 
unwanted-signal interference in the smaller 
lobes may offset the advantage of increased 
desired-signal gain. 

IQ 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 satisfactory 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 
of ordinary soft-drawn No. 14 or No. 12 enam-
eled 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. 

In building a resonant two-wire feeder, 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 untuncd 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 
with wire. 
At points of maximum voltage insulation is 

most important, and Pyrex glass, Isolantite or 
steatite insulators with long leakage paths are 
recommended for the antenna. Glazed porce-
lain also is satisfactory. 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 chim-
ney 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. 
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Fig. 1052 — Some suggested antenna systems. A — 
Simple bidirectional rotatable end-fire array using 
t,isway, spacing between out-of-phase elements. Suit-
able for either 14 or 28 Mc. and can he rotated by hand. 
It can also be suspended from the halyard holding 
another antenna, as suggested in the lower drawing. B — 
Folded dipole using 300-ohm Twin-Lead for both an-
(enna and feeder. The junction X at the center is made 
by opening one conductor of the antenna section and 
soldering to the feeder leads. The joint may be made 
mechanically firm by heating the dielectric with a 
soldering iron, using extra bits of dielectric for a good 
bond. C — An end-lire array for use where space is 
limited. The ends of the two half-se ave elements are 
folded to meet at an insulator in the center. The antenna 
may be made still shorter by increasing the spacing: 
spacings up to wavelength may lee used. D — Pipe-
assembly three-element beam ("plumber's delight") 

(D) 

(c) 

Sleeves for , 
adjustment or/welt 

"—Straps 

70-ohm feeder 

with folded-dipole driven element. Because all three 
elements are at the same r.f. potential at their centers 
it is possible to join them electrically as w ell as mechani-
cally with no effect on the performance. PrOViAiOn is 
made for adjusting the element lengths for optimum 
performance at a given frequency ( I10-13). E — An 
extension of the folding principle shown in C. The 
collinear in-phase elements give additional gain and 
directivity. F — End- lire array with extended double 
Zepps. This antenna should give a gain of shout 7 (lb. in 
the direction perpendicular to the line of the an tenna.G — 
An 8-element array combining broadside, end-fire and 
collinear elements. The gain of an antenna of this type is 
about 10 db. This an also can be used at half the fre-
quency for which it is designed. 11 — Using two half-
wave antennas at right angles to change direction. V ith 
the three feeders indicated, either antenna alone can 
be fed as a Zepp and will radiate best perpendicular to its 
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NOTE: wood spreader 
should be usea'at center 
to maintain, .spaciny 

Ilse wood spreader at 
center as well as ends 

At /east Y2 to yround 

Stand -ohe 

Insulator 
"-wired to wood 
sprea42r 

SUGGESTED CONSTRUCTION AT CENTER 

X3 A 

r,t 
• cer q /t 

i  

(F) 

(G) 

(H) 

direction. By feeding the two together, leaving the third feeder wire idle, the optimum direction is the bisector of the 
angle between the wires. This system is most useful at high frequencies such as LI Ale. and above. 

In these drawings, wavelength dimensions on condiwtors refer to lengths calculated for the conductor size as 
described in § 10-2. Dimensions he elements are free-space dimensions. 
The feeders to the various directive systems in A, C, E, F and G must be tuned if used as shown. For one-hand 

operation, matching stubs (110-8) may be attached to the feeders if a matched line is desired. 
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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. 

40. "A"-Frame Mast 

The simple and inexpensive mast shown in 
Fig. 1053 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 fieNible to be satisfactory at such heights. 

ANT 

TOTAL HEIGHT 
40 FT PLUS 

Guy front and bock zhere-no side 9m/s 
necessary 

Three 2x 2 s Carria9e bolts 
t -.me'''. 

Each 22ft.' ' 

eiboit 

\Drill efi" hole thru 
upriyhts and hammer 

utspikes 

Xi-Carr/ace bolt 

; .5prealb• r- ore, 
Fig.1033 — Details of a simple 40-foot -A--frame niait 
suitable for ereetion in locations where suave is limited. 

Simple 40-Foot Mast 

The mast shown in Fig. 1054 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 
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 half way up 
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 the pole. 
The 2 X 4 section should be set in the ground 

so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the tHdts should he 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 

\ if 

TOP GUYS 

CENTER GUYS 

Fig. 105.1— A simple 
atol sturdy mast for 
heights in the vieinity 
of 41) feet, Merited at 
the base for easy cree. 
hull. 'file height can 
be extended tii 311 feet 
or ttttt re be using 2 X 
4s instead of 2 X 3s. 

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 he slimied in place and 
both A and B tightened. The lower guys can 
then be given a unid tightening, leaving those 
at the top a little shuck until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 

e"T"-Section Mast 

A type of mast suitable for heights up to 
about SO feet is shown in Fig. 1055. The mast 
is built up by butting 2 X 4 or 2 X 6 timbers 
edgewise against a second 2 X 4, as shown at 
A, with alternating joints in the edgewise and 
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U'. 5 — mast made 
of overlapping 2 X 4s or 2 X 6s. 

fhttwise sections. The construction can be 
carried out to greater lengths simply by con-
tinuing the 20-foot sections. Longer or shorter 
sect hins may be used. if more convenient. 
The method of making the joints is shown at 

C. Quarter-inch or iG-inelt iron, 1!.(? to 2 inches 
wide, is recommended for the straps, with 
inch bolts to hold the pieces together. One bolt 
should be run through the pieces midway 
between joints, to provide additional rigidity. 

Although there are many ways in which such 
a most can be secured at the base, the " cradle" 
illustrated at D has many advantages. Heavy 
timbers set firmly in the ground, spaced far 
enough apart so the base of flip mast. will pass 
between theist, hold a large carriage bolt or steel 
bar which serves as a bearing. 
This bolt goes through a hole in 
the toast so that it is pivoted at 
the bottom. 

Half of the guys can be put 
in place and tightened up be-
fore the mast leaves the ground. 
Four sets of guys should be 
used, one in front, one directly 

in the rear, and two on each 
side at right, angles to the di-
rection in which the mast will 
face. A set of guys should be 
used at each of the joints in the 
edgewise sections, the guy 

wires being wrapped around 
the pole for added strengt it. 

For heights up to 50 feet, 
2 X 4-inch members may be 
used throughout. For greater 
heights, use 2 X Os for t lie edge-

wise sections; 2 X 4-inch pieces 
will do for the flat sections. 

Balls [Ara 

eeeit thni both 
t141.i and lekphone 

»ye nods dnren 
/a 2,4.i ready to 
third in when up 

tf. Pole and Tower Supports 
Poles, which often may be purchased at a 

reasonable price from the local telephone or 
power company, have the advantage that they 
do not require guying unless they are called 
upon to carry a very heavy load. The life of 
a pole can be extended many years by proper 
precautions before erecting, and regular main-
tenance. 

Before setting the pole, it should be given 
four or five coats of creosote, applying it 
liberally so it can soak into and preserve the 
wood. The bottom of the pole and the part 
which will be buried in the ground should have 
a generous coating of hot pitelt poured on 
while t he pole is warm. This will keep termites 
out and prevent rotting. 
The pole should be set in t he ground four to 

eight feet depending upon the height. It is a 
good idea to pour concrete around the bottom 
three feet of the base, packing the rest, of t he 
excavation wit h soil. The concrete will help 
hold the pole against strong winds. After filling 
the hole wit h dirt, a stream front a hose should 
be played on the dirt slowly for several hours. 
This will help to settle the soil quickly. 

If desired, the pole may be extended by t he 
arrangement shown in Fig. 1056. Three 2 X 4s 
are requilTid for the top section, two being 
18 feet long and one 10 feet long. The 10-foot 
section is placed between the other two and 
bolted in place. A half-inch hole should be 
bored through the pole about 2 feet from its 
top and through both 1S-foot 2 X 4$ about 5 
feet from their bot tom ends, which are spread 
apart to fit, tir top of the pole. The bottom end 
of the extension is then hauled up to the top of 
the pole and bolted loosely so that the section 
can be swung up into place by the leverage of 
another 2 X 4 temporarily fastened to the 
section, as shown in Fig. 1056. 

lb» 

6' 

32' 

efegter 
alierasserney 
bolted »VI, "noun 
bole 

Thou bog inch 
ton9 

ladder 

4.0•41/...• 

Rope-
or what 
hare you? 

Fig. 1056 — Ti is type of mast may be carried to a height of fifty 
feet or more. No guy wires are required. 
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Lattice towers built of wood should be 
assembled with brass screws and casein glue, 
rather than with nails which work loose in a 
short, time. A tower constructed in this manner 
will give trouble-free service if treated with a 
coat of paint every year. 

In painting outside structures, use pure 
white lead, thinned with three parts of pure 
linseed oil to one part of turpentine, for the 
first coat on new wood. The use of a drier is 
not recommended if the paint, will possibly dry 
without it, since it may cause the paint to peel 
after a- short. time. For the second and third 
coats pure white lead thinned only with pure 
linseed oil is recommended. Plenty of time for 
drying should be allowed between coats. White 
paint will last fifty per cent longer than any 
colored paint. 

(j. Guys and Guy Anchors 

For masts or poles up to about 50 feet, No. 
12 iron wire is a satisfactory guy-wire material. 
Heavier wire or stranded cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is 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 eases. 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 t he 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 st raight. 
When raising a mast which is big enough to 

tax the facilities available, it is some advantage 
to know nearly exactly the length of t he 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 getting 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 tile anchor should be 
measured and squared. To 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 transmit ting 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 bar-

monies. 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. The simple time- and finger-
saving device shown in Fig. 1057 can be made 

h'oki here with filers 

Fig,. 1057— Using a lever for twisting heavy guy wires. 

from a piece of heavy iron or steel by drilling 
a hole about twice the diameter of the guy 
wire about a half inch front one end of the 
piece. The wire is passed through the insulator, 
given a single turn by hand, and then held with 
a pair of pliers at the point shown in the 
sketch. 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 

building when they happen to be in convenient 
spots. For small poles, a 6-foot length of 1-inch 
pipe driven into the ground at an angle will 
suffice. Additional bracing will be provided by 
using two pipes, as shown in Fig. 1058. 

Fig. 1058 — Pipe 
guy anchors. One 
pipe is sufficient 
for small masts, 
but two installed 
as shown will pro-
vide the additional 
strength required 
for the larger poles. 

4a. 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 
installations, marine-type pulleys with hard-
wood blocks and bronze wheels and bearings 
should be used. 
An arrangement which has certain ad-

vantages over a pulley when a mast is used is 
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shown in Fig. 1059. In case the rope breaks, it 
may be possible to replace it by heaving a line 
over the brass rod, making it unnecessary to 
climb or lower the pole. 

About 2 ft. 

Ant 

Fig. 1059 — This device a much elsitx than a pulley to 
"rethread- when the rope breaks. 

For short antennas and temporary installa-
tions, heavy clothesline or window sash cord 
may be used. However, for more permanent 
jobs, %-inch or Y)-inch waterproof hemp rope 
should be used. Even this should be replaced 
about once a year to insure against breakage. 

Nylon rope, used during the war as glider 
tow rope, is, of course, one of the best. materials 
for halyards, since it is weatherproof and has 
extremely long life. 

It is advisable to carry the pulley rope back 
up t o the top in " endless" fashion in t he 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. 

tl Bringing the Antenna or Transmission 
Line into the Station 

The antenna or transmission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 1060, 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 
bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned 
lines which develop high voltages. Probably 
the best place to go through the walls is the 
trimming board at the top or bottom of a win-

Feeders 

.4ntenruz 
insulators 

Springs 
4 

Heavy 
Screw-eyes 

là feed- through 
insulators 

A 

Slack wire 

Window Screen 
&ass 

Rubber washers 
cemented to rod 

8 

Sland- off 

Fig. 1060 — A — Anchoring feeders takes the stra'n from feed-
through insulators or window glass. B — Coin g through a full-
length screen, a cleat is fastened to the frameof the screen on the 
inside. Clearance holes arc cut in the cleat and also in the screen. 

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. 1960-B may be used. 

Sill 

Fig. 1061 — An antenna lead-
in panel may he placed over 
the top sash or under the 
lower sash of a window. Seal-
ing the overlapping joint will 
help make it weatherproof. 

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 
arrangement can be made weatherproof by 
making an overlapping joint between the board 
and window sash, as shown in Fig. 1061. and 
covering the opening between sashes with a 
sheet of soft rubber iroto a discarded inner tube. 

e. Lightning Protection 

An ungrounded radio antenna, particularly 
if large and well elevated, is a lightning haz-
ard. When grounded, it provides a measure of 
protection. Therefore, grounding switches or 
lightning arresters should be provided. Exam-

ples of construction of low-loss ar-
resters are shown in Fig. 1062. At A, 
the arrester electrodes are mounted 
by means of stand-off insulators on a 
fireproof asbestos board. At 13, the 
electrodes are enclosed in a standard 
steel outlet box. The gaps should be 
made as small as possible without 
danger of breakdown during opera-
tion. Lightning-arrester systems re-
quire the best ground connection 
obtainable. 
The most positive protection is to 

ground the antenna system when it is 
not in use; grounded flexible wires 
provided with clips for connection to 
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Fig. 1062— Low-loss light g arresters for transmitters. 
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first, the transmitter and receiver each are pro-
vided with an antenna tuner, and the antenna 
transmission line is switched from one to the 
other. In the second system, one antenna tuner 
is provided for each antenna and the switch is 
in the low-impedance coupling line. Several typ-
ical arrangements are shown in Fig. 1063. Fre-
quently relays with low-capacity contacts are 
su bstituted for switches. 

the feeder wires may be used. The ground lead 
should he short and run, if possible. directly to 
a driven pipe or water pipe where it enters the 
ground outside the building. 

Antenna Switching 

It is often desirable, particularly- in DX 
work, to use the same antenna for transmit-
ting and receiving. This requires switching of 
antenna from transmitter to receiver. One of 
two general systems may be employed. In the 

Malec or 
kow- Impedan.e ¡"le 

Iranseetter 
antenna •e-• 
tuner 

lhenntitter 

lerelVer 

antenna 
tuner 

oat' r sewtch 
or relay 

()e 

rraftaae -fed anténne 

DPO T smtth or relay 

(D) (E) (F) 

(n) 

Antenna Tuner No 

( 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. Obviously, the use of such 
rotatable antennas is limited to the higher 
frequencies — 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- and 2S-Me. 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 Chapter Seventeen. 
The problems in rotary-beam construction 

are those of iwovi(ling 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. 
Elemen t.s — The antenna elements usually 

are made of metal tubing so that they will be 
at least partially self-supporting, thus simplify-
ing the supporting structure. The large di-

Antenna loner Ale2 

000 7 11 

Tined feeders 

P0 T .5,4,tch or relay 

he:W.5,77We, Xecen-er 

O Par 

Fig. 1063 — An tennzt-switching arrangements for various types of antennas and minding systems. A — For tuned 
lines with separate an tuners or low-impedance lines. B — For a voltage-fed antenna. C — For a tuned line 
with a single antenna tuner. D — For a voltage-fed antenna with a single tuner. E — For two tuned-line antennas 
with a tuner for each antenna or for two low-impedance lines. F — For combinations of several two-wire lines. 
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Fig. 1064 — Easily-built supporting structure for hori-
zontal rotary beams. Made chiefly of 1 X 2" wood 
strip, it is strong yet lightweight. Antenna elements are 
supported on stand-off insulators on the arms, E. The 
length of the D sections will depend upon the element 
spacing, while the length of the E sections and the spac-
ing between the D sections should be % to 3/2 the length 
of the antenna elements. 

ameter of the conductor is beneficial also in 
reducing resistance, which becomes an im-
portant consideration when close-spaced ele-
ments are used. 

Dural tubes often are used for the elements, 
and thin-walled corrugated steel tubes with 
copper coating also are available for this pur-
pose. The elements frequently are constructed 
of sections of telescoping tubing, making 
length adjustments for tuning quite easy. 
Electricians' thin-walled conduit also is suit-
able for rotary-beam elements. 

If steel elements are used, special precautions 
should be taken to prevent rusting. Even cop-
per-coated steel does not stand up indefi-
nitely, since the coating usually is too thin. 
The elements should be coated both inside and 
out with slow-drying aluminum paint. For 
coating the inside, a spray gun may be used, 
or the paint may be poured in one end while 
rotating the tubing. The excess paint may be 
caught as it comes out the bottom end and 
poured through again until it is certain that 
the entire inside wall has been covered. The 
ends should then be plugged up with corks 
sealed with glyptal varnish. 
Supports — The supporting framework for 

a rotary beam usually is made of wood, using as 
lightweight construction as is consistent with 
the required strength. Generally, the frame is 
not required to hold much weight, but it must 
be extensive enough so that the antenna 
elements can be supported near enough to 
their ends to prevent excessive sag, and it 
must have sufficient strength to stand up 
under the maximum, wind in the locality. The 
design of the frame will depend chiofly on the 
size of the antenna elements, whether they are 
mounted horizontally or vertically, and the 
method to be used for rotating the antenna. 
The general preference is for horizontal 

polarization, primarily because less height is 
required to clear surrounding obstructions 
when all the antenna elements are in the 
horizontal plane. This is important at 14 and 
28 Me. where the elements are fairly long. 
An easily-constructed supporting frame for 

a horizontal array is shown in Fig. 1064. It may 
be made of 1 X 2-inch lumber, preferably oak, 
for the center sections B, C, and D. The outer 
arms, E, and crossbraces, F, may be of white 
pine or cypress. The square block, A, at the 
center supports the whole structure and may 
be coupled to the pole by any convenient 
E means that permits rotation. The 

bearing shown in Fig. 1068, for 
example, may easily be modified 
for the purpose. Alternatively, 

the block may be firmly fastened to the pole 
and the latter rotated in bearings affixed to 
the side of the house. 

Another type of construction is shown in 
Fig. 1065, with details in Figs. 1066 and 1067. 
This method, suitable for 28-Mc, beams, uses 
a section of ordinary ladder as the main sup-
port, with crosspieces to hold the tubing 
antenna elements. Fig. 1066 also indicates a 
method of adjusting the lengths of the parasitic 
elements anti bringing the transmission line 
down through the supporting pole from a 
delta match. The latter is especially adapted 
to construction in which the pole rather than 
the framework alone is rotated. 
The problem of feeding a parasitic array 

is somewhat simplified if the elements are 
mounted vertically, since in such a case it is 
not necessary to rotate the driven element but 
only to rotate the parasitic elements around 
it. Thus no special provision need be made for 
maintaining contact to the feeders through a 
complete rotation. A suitable method of con-
struction is shown in Fig. 1068. 

Fig. 1065 — A ladder-supported 3-element 28-N1c. beam. 
It is mounted on a pipe mast that projects through a 
bearing in the roof and is turned from the at tic operating 
room. (W1MRK in August, 1946, QST.) 
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Ámpheno/ 30012 
Kyle-Lead to 
Delta Match 

Fig. 1066 — Top-view drawing of the ladder support 
and mounted elements. Lengths of director and re. 
flecior arc adjusted by means of the shorting bars on 
the small stubs at the center. The drawing also shows a 
method for pulling off the wires of a delta match and 
feeding 300-ohm Twin-Lead transmission line through 
the pipe support. 

Feeder connections — For beams which ro-
tate only 180 degrees, it is relatively simple to 
bring off feeders by making a short section of 
the feeder, just where it leaves the rotating 
member, of flexible wire. Enough slack should 
be left so that there is no danger of breaking 
or twisting. Stops should be placed on the 
rotating shaft of the antenna so that the 
feeders cannot " wind up." This method also 
can be used with antennas which rotate the 
full 360 degrees, but again a stop is necessary 
to avoid jamming the feeders. 

For continuous rotation, the sliding contact 
is simple and, when properly built, quite prac-
ticable. Fig. 1.069 shows two methods of making 
sliding contacts. The chief points to keep in 
mind are that the contact surfaces should be 
wide enough to take care of wobble in the ro-
tating shaft, and that the contact surfaces 
should be kept clean. Spring contacts are essen-
tial, and an " umbrella" or other scheme for 
keeping rain off the contacts is a desirable addi-
tion. Sliding contacts preferably should be 
used with nonresonant open lines where the 
impedance is of the order of 500 to 600 ohms 
so that the current is low. 
The possibility of poor connections in sliding 

contacts can be avoided by using inductive cou-
pling a-,t the antenna, with one coil rotating on 
the antenna and the other fixed in position, the 
two coils being arranged so that the coupling 
'does not change when the antenna is rotated. 
Such an arrangement is shown in Fig. 1070, 
adapted to an antenna system in which the pole 
itself rotates. A quarter-wave feeder system is 

connected to a tuned pick-up circuit 
whose inductance is coupled to a link. 

4 In the drawing, the link coil connects to 
a twisted-pair transmission line, but any 

i type of line such as flexible coaxial cable 
can be used. The circuit would be ad-
justed in the same way as any link-
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Fig. 1068 — A practical vertical-element rotatable array 
for 28 lc. The driven antenna is fixed and the reflector 
and director elements, parasitically excited, rotate 
around it. Close-spaced elements may be used if desired. 

coupled circuit, and the number of turns in the 
link should be varied to give proper loading on 
the transmitter. The rotating coupling circuit 
of course tunes to the transmitting frequency. 
The whole thing is equivalent to a link-coupled 

antenna tuner mounted on 
the pole, using a parallel-
tuned tank at the end of a 
quarter-wave line to center 
feed the antenna. To main-
tain constant coupling, the 
two coils should be quite 
rigid and the pole should 
rotate without wobble. The 
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Fig. 1067 —  Detail of element supports for the ladder beam. 
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Fig. 1069 — Idea, in sliding contacts for rotatable antenna feeder 
nection to permit 1.•,ntin tttttt s rotation. The broad bearing surfaces take 
care of any wobble in the rotating mast or driving shaft. 

two coils might be made a part of the upper 
bearing assembly holding the rotating pole in 
position. 

Other variations of the inductive-coupled 
system can be worked out. The tuned circuit 
might, for instance, be placed at the end of a 
600-ohm line, and a one-turn link used to cou-
ple directly to the center of the antenna, if the 
construction of the rotary member permits. In 
this case the coupling can be varied by chang-
ing the L/C ratio in the tuned circuit,. For 
mechanical strength the coils preferid uy should 
be made of copper tubing, well braced with 
insulating strips to keep them rigid. 

es A feeders 
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Fig. 1070 — One method of transmission line-antenna 
system coupling which eliminates sliding contacts. The 
low-impedance line is littls-coupled to a tuned line. 

Rotation — It is convenient 
to use a motor to rotate the 
beam. but it is not always nec-
essary, especially if a rope and 
pulley arrangement such as 
that shown in Fig. 1068 can in, 
brought into the operating 
room. If the pole can be 
mounted near a window in the 
operating room, hand rotation 
of the beam will work out quite 
well. If the use of a rope and 
pulleys is impracticable, motor 
drive is about the only alterna-
tive. The speed of rotation 
should not be too great — 1 or 
2 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 be-
cause the gear train will prevent the beam 
from turning in weathervane fashion in a wind. 
The ordinary st ructure does not require a great, 
deal of power for rotation at slow speed, and a 

motor will be ample. Even small series 
motors of the sewing-machine type will de-
velop enough power to turn a 28- Mc. beam at 
slow speed. If possible, a reversible motor 
should be used so it will not be necessary to go 
through nearly 360 degrees to bring the beam 
back to a direction only slightly different, but 
in the opposite direction of rotation, to the 
direction to which it may be pointed at the 
moment. In cases where the pole is stationary 
and only the supporting framework rotates it 
will be necessary to mount the motor and gear 
train in a housing on top of the pole, but if the 
pole rotates the motor can usually be installed 
in a more accessible location. 

Parts from junked automobiles often pro-
vide gear trains and bearings for rotating the 
antenna. Rear axles, in particular, can readily 
be adapted to the purpose. 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. 

Lead-sheathed twin-conductor cable is rec-
ommended for power wiring to the motor 
to prevent r.f. pick-up. It will also reduce 
"hash" if a series-wound motor is used. With 
such motors it is wise to install r.f. filters at, 
the motor terminals as an additional pre-
caution against interference to reception, since 
it. is usual practice to determine the proper 
direction for the beam by rotating it while 
listening to the station it is desired to work and 
setting it at the point that gives maximum 
signal strength. 
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Worhiltop ractice 

11 Tools 

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 construction of radio 
equipment will he found on this page. With 
these tools it should be possible to perform 
any of the required operations in preparing 
panels and metal chassis fin assembly and 
wiring. A few additional tools will make cer-
tain operations easier, so it is a pbod idea for 
the amateur who does constructional work to 
add to his supply of tools from time to time. 
The following list will be found helpful in 
making a selection: 

Bench vise, 4-inch jaws. 
Tin shears, 10-inch, for cutting thin sheet 

metal. 
tel reamer, Y"-inch, for enlarging small 

holes. 
Taper reamer, I-inch, for enlarging holes. 
Countersink for brae°. 
Carpenter's plane, 8 to 12-inch, for wood-

working. 
Carpenter's saw, cross-cut. 
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, 1 t-inch. 
Cold chisel, 
Wing dividers, 8-ineh. for scribing circles. 
Set of machine-screw taps and dies. 
Folding rule. 6-foot. 
Dusting brush. 

several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
inail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and cireular saws, and joiner. Al-
though not essential, they are desirable should 
you be in a position to acquire them. 

(1, Care of Tools 

The proper care of tools is not alone a mat-
ter of pride to a good workman. Ile also real-
izes the energy which may be saved and the 
annoyance which may be avoided by the pos-
session of well-kept sharp-edged tools. A few 

minutes spent now and then with the oil stone 
or emery wheel will maintain the fine cutting 
edges of knives, drills, chisels, etc. 

Drills should he 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 be:it 
cutting with least wear. Occasional oil-stoning 
of the rutting edges of a drill or reamer will ex-
tend the time between grindings. Stoned cut-
ting edges also will stand more feed and speed. 
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 
hot and then Nviping it clean with a rag. If the 
tip becomes pitted, it should be filed until 
smooth and bright, and then tinned by dipping 
it in solder. 

All tools should be wiped occasionally with 
an oily cloth to prevent rust. 

INDISPENSABLE TOOLS 

Long-nose pliers, 6-inch. 
Diagonal cutting pliers, 
Screwdriver. It to 7-inch, 
Screwdriver. •I to q-int.11 blade. 
Seraich awl or scriber for marking lines. 
Mmltination square, 12-incli, for laying out work. 
Hand drill, q-incli chuck or larger, 2-speed type 

preferable. 
Electric soldering iron, 100 watts. 
I facksaw. 12-inelt blades. 
( 'enter punch for marking hole centers. 
II:wooer, hall peen, 1-lb. head. 
lleavy knife. 
Yardstick or other straight-edge. 
Cartienter's brace with adjustable hole cutter or 

sticket-hole punches (see text). 
l'air of small C-elanips for holding work. 
Large. et tarse. flat file. 
Large rout( or rat-tail file, %-inelt diameter. 
Three or finir small and medium files—flat, round, 

half-round, triangular. 
Drills. particularly 1:1-inch and Nos. 18, 28, 33, 42 
and 50. 

Combitiati011 oil st ' cue for sharpening tools. 
Solder and soldering paste (nuncorroding). 
Medium-weight machine oil. 

Useful Materials 

Small stocks of various miscellaneous ma-
terials will be required in constructing radio 
apparatus, na st of which are available from 
hardware or radio supply stores. A representa-
tive list follows: 
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52 X 1/16-inch brass strip for brackets, etc. 

(half-hard for bending). 
U-inch square brass rod or X M X 1/16-
inch angle brass for corner joints. 

diameter round brass rod for shaft 
extensions. 

Machine screws: Round-head and flat-head, 
with nuts to fit. Most useful sizes: 4-36, 
6-32 and S-32, in lengths from !.¡ inch to 

inches. ( Nickel-plated iron will be 
found satisfactory except in strong r.f. 

Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 

41. Chassis Construction 

With a few essential tools and proper pro-
cedure, it will be found that building radio 
gear on a metal chassis is no more of a chore 
than building with wood, and a more satisfac-
tory job results. 
The placing of components on the chassis 

is shown quite clearly in the idoitographs in 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the text, 
exact duplication is not necessary. 
Much trouble and energy can be saved by 

spending sufficient time in planning the job. 
When all details are worked out beforehand 
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. 
Then assemble 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 condensers and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 
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 condensers 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. 
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-
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Fig. 1101— Method of measuring the heights of con-
denser shafts, etc. If the square is adjustable, the end 
of the scale should he set flush with the face of the head. 

quire mounting underneath may be located and 
the mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 
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 condensers 
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. 1101. The horizontal dis-
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured fn on 
this line. The shaft centers may now be inarked 
on the back of the panel, and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. 

4:1 Cutting and Bending Sheet Metal 

If a sheet of metal is too large to be cut con-
veniently with a hacksaw, it may be marked 
with scratches 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. Do 
not carry the bending so far that 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. 

e Drilling and Cutting Holes 
When drilling holes in metal with 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 hole. Care should be taken 
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not to use too much pressure with small drills, 
which bend or break easily. 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 54-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 3Ç-inch hole may he 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 the large hole, 
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 holes, 

an adjustable cutter designed for the purpose 
may be used in the brace. The cutter should be 
kept well-sharpened. Occasional application 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. Probably 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. 

A 

Fig. 1102 - To cut reetangular holes in a chassis, 
corner holes may he tiled out as shown in the shaded 
portion of B, making ii possible to start the hacksaw 
blade along the cutting line. A shows how a single. 
ended bundle may be constructed for a hacksaw blade. 

Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a hole inside each corner, as illus-
trated in Fig. 1102, and using these holes for 
starting and turning the hacksaw. The sock-
et-hole punch also may be of considerable 
assistance in cutting out large rectangular 
openings. 
The burrs or rough edges which usually 

result after drilling or cutting holes may be re- • 
moved with a file, or sometimes more con-
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
and available for this purpose. A burr reamer 
will also be useful. 

41 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 bold-faced type below 

NUMBERED DRILL SIZES 
Drilled for 

Diameter (mils) Will Clear Tapping Iron, 
Screw Number Steel or Brass* 

228.0 
2 221.0 
3 213.0 
4 209.0 
• 205.0 
6 204.0 
7 201.0 
• 199.0 
9 196.0 
10 193.5 
11 191.0 
12 189.0 
13 185.0 
14 182.0 
15 180.0 
16 177.0 
17 173.0 
16 169.5 
19 166.0 
20 161.0 
21 159.0 
22 157.0 
23 154.0 
24 152.0 
25 119.5 
26 147.0 
27 144.0 
28 140.0 
29 136.0 
30 128.5 
31 120.0 
32 116.0 
33 113.0 
34 111.0 
35 110.0 
36 106.5 
37 101.0 
38 101.5 
39 099.5 
40 098.0 
41 096.0 
42 003.8 
43 089.0 
44 086.0 
45 082.0 
46 081.0 
47 078.5 
48 076.0 
49 073.0 
SO 070.0 
51 067.0 
52 063.5 
53 059.5 
54 055.0 

12-2- 4 

12-2- 0 

10-32 
10-24 

8-32 

6-32 

4-36 4-40 

3-4- 8 

2-56 

14-24 

12-2- 4 

12-2- 0 

10-3- 2 

10-2- 4 

8-3- 2 

6-3- 2 

4-36 4-40 

3-4- 8 

2-4- 6 

*Use one size larger for tapping bakelite and hard rubber. 
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will be the drills most commonly used in con-
struction of amateur radio equipment. It is 
usually desirable to purchase several of each 
of the commonly-used sizes rather than a 
quantity of odd sizes, most of which will be 
used infrequently, if at all. 

11 Cutting Threads 

Brass rod may be threaded, or the damaged 
threads of a screw repaired, by the use of dies. 
Holes of suitable size (see drill chart) may be 
threaded for screws by means of taps. Taps and 
dies are obtainable in all standard machine-
screw sizes. A set usually consists of taps and 
dies for 4-36,6-32,8-32,10-32 and 14-20 sizes, 
with a holder suitable for use with either tap or 
die. The die may be started easily by first filing 
a sharp taper or bevel on the end of the rod. In 
tapping a hole, extreme care should be used to 
prevent breaking the tap. The tap should be 
kept at right angles to the surface of the ma-
terial, and rotation should be reversed a revolu-
tion or two whenever the tap begins to turn 
hard. With care, holes can be tapped rapidly by 
clamping the tap in the chuck of the hand drill 
and using slow speed. Machine oil applied to 
the tap usually makes cutting easier and stick-
ing less troublesome. 

1:[. Crackle Finish 

Wood or metal parts can be given a crackle 
finish by applying one coat of clear Duco or 
Tri-Seal and allowing it to dry over night. A 
coat of Kern-Art Metal Finish is then sprayed 
or applied thickly with a brush, taking care 
that the brush marks do not show. This should 
be allowed to dry for two or three hours and 
the part should then be baked in the kitchen 
oven at 215 degrees for one-and-one-half hours. 
This will produce a regular commercial job. 
This finish, which comes in several different 
colors, is made by Sherwin-Williams Paint Co. 

e Cleaning and Finishing Metal 
Parts made of aluminum can be cleaned up 

and given a satin finish, after all holes have 
been drilled, by placing them in a solution of 
lye for one-half to three-quarters of an hour. 
Three or four tablespoonfuls of lye should be 
used to each gallon of water. If more than one 
piece is treated in the same bath, each piece 
should be separated from the others so as to 
expose all surfaces to the solution. Overlap-
ping of pieces may result in spots or stains. 

4:1 Wiring 

A popular type of wire for receivers and 
low-power transmitters is that known as 
"push-back" wire. It comes in sizes No. 16, 
18,20, etc., which are sufficiently large for all 
power circuits except filament. The insulating 
covering, which is sufficient for circuits where 
voltages do not exceed 400 or 500, can be 
pushed back a few inches at the end, making 

RIGHT WAY 

Cable Wires 
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WRONG WAY 

Fig. 1103 — Right and wrong methods of lacing cable. 
With the right way the leading line is pinched under each 
turn and will not loosen if a break occurs in the lacing. 

cutting of the insulation unnecessary when 
making a connection. Filament wiring should 
be done with sufficiently large conductors to 
carry the required current without appreciable 
voltage drop (see Copper Wire Table, Chapter 
Twenty). Rubber-covered house-wire sizes 
No. 14 to No. 10 are suitable for heavy-current 
transmitting tubes, while No. 18 to No. 14 
flexible wire is satisfactory for receivers and 
low-drain transmitting tubes where the total 
length of the leads is not excessive. 

Stiff bare wire, sometimes called bus wire or 
bus bar, is most favored for the high r.f.-po-
tential wiring of transmitters and, where prac-
ticable, in receivers. It comes in sizes No. 14 
and No. 12 and is usually tin-dipped. Soft-
drawn antenna wire also may be used. Kinks or 
bends can be removed by stretching 10 or 15 
feet of the wire and then cutting it into small 
usable lengths. 
The insulation covering power wiring which 

is to carry high transmitter voltages should be 
appropriate for the voltage involved. Wire 
with rubber and varnished cambric covering, 
similar to ignition cable, is available from radio 
parts dealers. The smaller sizes have sufficient 
insulation to be safe at 1000 to 1500 volts, 
while the more heavily insulated types should 
be used for voltages above 1500. 

It is usually advisable to do the power-sup-
ply wiring first. The leads should be bunched 
together as much as possible and kept down 
close to the surface of the chassis. The lacing 
of power wiring in cable form not only im-
proves its appearance but also strengthens the 
wiring. Fig. 1103 shows the correct way of lac-
ing cabled wires. When done correctly the 
leading line is held tightly pinched in place 
after tension has been removed, and therefore 
does not loosen readily. When the wrong 
method is used the turns will loosen up as soon 
as tension is removed. 

Chassis holes for wires should be lined with 
rubber grommets which fit the hole, to prevent 
chafing of the insulation. In cases where power-
supply leads have several branches, it is often 
convenient to use fiber terminal strips as an-
chorages. These strips also form handy mount-
ings for wire-terminal resistors, etc. When any 
particular unit is provided with a nut or thumb-
screw terminal, soldering-lug wire terminals to 
fit are useful. 
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High-voltage wiring should have exposed 

points kept at a minimum and those which 
cannot be avoided rendered as inaccessible as 
possible to accidental contact. 
• 
Soldedng 

The secret of good soldering is in allowing 
time for the joint, as well as 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. 
Wartime solder, which is still with us, has a 

much smaller ratio of tin to lead, requires con-
siderably more heat, and its use makes it es-
pecially important that the iron be kept clean 
at all times. More care must be exercised in 
making the joint because this solder does 
not flow as readily, and also has a tendency to 
crystallize. 

Soldering paste, if of the noncorroding type, 
is extremely helpful when used correctly. In 
general, it should not be used for radio work 
except when necessary. The joint should first 
be warmed slightly and the soldering paste ap-
plied with a piece of wire. Only the bit of paste 
which melts from the warmth of the joint 
should be used. If the soldering iron is clean it 
will be possible with one hand to pick up a drop 
of solder on the tip of the iron which can be 
applied to the joint, while the other hand is used 
to hold the connecting wires together. The use 
of excessive soldering paste causes the paste to 
spread over the surface of adjacent insulation, 
causing leakage or breakdown of the insula-
tion. Except where absolutely necessary, solder 
should never be depended upon for the me-
chanical strength of the joint; the wire should 
be wrapped around the terminals or clamped 
with soldering terminals. 
Do not attempt to make ground connections 

to a cadmium-plated chassis by soldering to 
the surface of the chassis, since the plating 
may be loosened by the heat and later fall 
off, breaking the connection. Drill a hole in 
the chassis and solder the wire in the hole. 

di construction Notes 
Lockwashers should be used under nuts to 

prevent loosening with use, particularly when 
mounting tube sockets or plug-in coil recep-
tacles subject to frequent strain. 

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 condenser shaft is 
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding strip. 
This prevents any possible danger of shock. 
The standard way of mounting toggle 

switches is with the switch " On" when the 
lever is in the upward position. 

Variable condensers and resistors, having 
one-hole mountings, should be firmly fastened 
using the special lockwashers provided for 
shaft nuts. 
The use of fiber washers between ceramic 

insulation and metal brackets, screws or nuts 
will prevent the ceramic parts from breaking. 

II Coil Winding 

Dimensions for coils for the various units 
described in the constructional chapters are 
given under the circuit diagrams. Where no 
wire size is given, the power is sufficiently low 
to permit use of any available size within 
reason. 

Unless a close-wound winding is definitely 
specified, the number of turns indicated should 
be spaced out to fill the specified length on 
the form. The length should be marked on the 
form and holes drilled opposite the pins to 
which the ends of the winding are to connect. 
Scrape one end of the wire and pass it through 
the lower hole in the form to the pin to which 
the bottom end of the winding is to connect, 
and solder this end fast. Unroll a length of wire 
approximately sufficient for the winding, and 
clamp the spool in a vise so it will not turn. 
The wire should be pulled out straight and the 
winding started by turning the form in the 
hands and walking toward the vise. A fair ten-
sion should be kept on the wire at all times. 
The spacing can be judged by eye. If, as the 
winding progresses, it becomes evident that the 
spacing is going to be incorrect to fill the re- • 
quired length, the winding can be started over 
again with a different spacing. If the spacing 
is only slightly off, the winding may be finished, 
the top end fastened, and the spacing corrected 
by pushing each turn. When complete, the 
turns should be fastened in place with coil 
cement. After a little practice, the job of 
determining the correct spacing will not be 
difficult. 
Sometimes it is necessary to adjust the num-

ber of turns on a coil experimentally. The easi-
est way to do this is to bring a wire up from one 
of the pins, extenaing it through a hole in the 
form for a half inch or so. The end of the wind-
ing may then be soldered to this extension 
rather than to the pin itself, and the nuisance 
of repeatedly fishing the wire through the pin 
avoided until the correct size of the winding has 
been determined. 

Coil Cement 

Duco cement, obtainable universally at hard-
ware, stationery or 5-and- 10-cent stores, is 
satisfactory for fastening coil turns. For small 
coils, a better-looking job will result if it is 
thinned out with acetone (amyl acetate), 
sometimes referred to as banana oil. 1f desired, 
the solution may be made thin enough to per-
mit application with a brush. 

Special low-loss coil " dopes" are available, 
including some with a polystyrene base. 
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Receiver Cow/ruction 

IC, A Two-Tube Superheterodyne Receiver 

It hough till t j L tolvant ages of the superhet-
ert tilyne-type receiver cannot be secured with-
out going to rather elaborate multitube cir-
cuits, it is possible to use the superhet principle 
to overcome most id the disadvantages of the 
simple regenerative receiver. These are chiefly 
the necessity for eritieal adjustment of the 
regeneration control with tuning, antenna 
"dead spots," lark of stability (both in the 
detector circuit it and because of slight 
ehanges in fret luency when the antenna swings 
with the wind), and blocking, or the tendeney 
for stomg signals to pull the detector into zeru-
heat. These effects can be largely eliminatiql 
by making the regenerative detector operate 
on a fixed loir frequency and designing it for 
maxinttun stability. The incoming signal is 
then converted to the fixtd detector frequency 
before Isting detected. 
A two-tube receiver operating on this prin-

ciple is shown in Figs. 1201 to 1205. 
The circuit diagram is given in Fig. 1202. 

A 6K8 is used to convert the frequency of the 
incoming signal to the fixed or intermediate 
frequency, and the two triode sections of a 
65N7 serve as the regenerative detector and 
audio amplifier respectively. LiC1 is the r.f. 
eircuit, tuned to the signal, and L2 is the an-
tenna coupling coil. C7 is a by-pass condenser 
across the 1.5-voit battery used to bias the 
signal grid of the 6 NS. The high-frequency 

Fig. 1201 -- s Sis Of the to.-Ielot• 
dyne receiver. .1 he pdnel is cut from sheet 
almeitotio. It is t) luit... high and ti inches is tie. The 
controls along the bottom, fr  left to right, are mixer 
tuning, oscillator padder and j, f  regeneration. The "II" 
switch is to the left of the t g 

Fig. 1202 — (:irenit diagram of the two-tithe super-
heterodyne receiver. 
CI, Cg, Cs — 100-µpfd. variable t Millen 19100). 
— 13-551d. variable ( Millen 2001.3). 

Cr, — 2111-55fd. silvered mica. 
— 0.01-gfd. paper. 

C7 — 0.005-µM. mica. 
C,„ Co — 100-551d. mica. 
— 47,000 ohms, !':"z watt. 

112— I itiegolmi, !/2 watt. 
1.1, 1.2, I.3, L4 — See coil table. 
1.5 — 55 turns No. 30 il.s.c., close-wound on %-inellt 

diam. form (National PR F-2); inductance 40 ult. 
1.6 — 18 turns No. 30 tl.s.e., close-wound on same form 

as LS; see Fig. 121/3. 
Ht — 1.5.volt bias battery. 
Ji — 0[nm-circuit jack. 
ItleC -- 2.3-m11 r.f. choke. 
S — S.r.,.t. toggle switch. 
T1 — Interstage audio transformer (Stancor A-4205). 
T2 — 6.3-volt filament transformer. 

oscillator tank circuit is L3C3C.1, with C3 for 
band-setting anti C4 for bandspread. 
The i.f. tuned circuit or regenerative de-

tector circuit) is L5C5. This must be a high-C 
circuit if stability better than that of an ordi-
nary regenerative detector is to be sectintd. The 
frequency to which it is tuned should be in the 
vicinity of 1600 kc. L5 and its tickler coil, /.6, 
are wound on a small form, ait) L5 is tuned by 
a fixed mica condenser of the low-drift type. 
Since these condensers are rated with a capac-
ity tolerance of 5 per cent, it is sufficient to 
wind L5 as specified under Fig. 1203. The re-
sulting resonant frequeney will be in the cor-
rect region. No manual tuning is necessary, 
and therefore the frequency of this circuit 
need not be adjusted. C., is the regeneration-
control condenser, isolated from the 
supply by the choke, RFC. Only enough turns 
need be used on L6 to make the detector oscil-
late readily when C2 is at half capacity or more. 
The second section of the 65N7 is trans-

239 
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I F Con_ 

C2 AND RFC 

PLATE OF 
6SN7GT 

Fig. 1203 — Ilow the ilia: for the two-tube super-
hetero.b ne receiver are %sound. In both cases both 
windings are in the same . lircetion. ln the ease of the 
i.f. coil at the left, the top end of the titilier winding, 
is conneeted to C. and l'in 3 of the fiK8 socket, the 
lower end of Ls is connected to Pin .1 of the tik 8, the 
upper end of the lower winding, LA, is connected to the 
stator of C2 and the lower end of Lo goes to Pin 2 on the 
6SN7C'I' socket. 

In the ease of the plug-in coil.. the coil sockets and 
plug-in form hases are mired -o that the upper end of 
.14   bt to the stator of Ca, the lower end of titis 
winding to the elia-,k the upper end of the Ito. er %shad-
ing, L-t, to Cs and the louer end of LI goes t" Pin 6 on 
the 6Kli socket. \\ 11,.11 the coil is plugged into t he mixer 
stage, the upper end of the top winding should go to the 
stator of CI, the Ion er end to (:7 and the biasing battery, 
the upper end of I In• lower minding t.) the cha4s and 
the louer end of the hott  uhading to the antenna 
terminal. 

former-coupled to the detector. The grid is 
biased by the same battery that furnishes bias 
for the 6K8. 

Looking at the top of the chassis from in 
front, the r.f. or input circuit is at the left, 
with CI below t he chassis and /4/.2 just behind 
it. The 6K8 is directly to the rear of the coil. 
The it. f. oscillator padding condenser, C3, 

underneath, the socket for L3L.1 and the 6SN7 
are in line at f he center of the chassis. At the 
right. underneath the audio transrormer, T1, is 
the i.f. regeneration-control condenser. Cu. The 
bandspread tuning condenser, is mounted 
on the panel with its shaft 37„. inches from the 
bottom edge of the panel. The audio trans-
former should be set back far enough so that 
there will be sufficient space for the bearing for 
the vernier knob of the National Type (1 dial. 
The " B" switch, S, is to the left of the dial. 
A pair of terminals set in the left-hand edge 

of the chassis provides connections for an-
tenna and gotutul, while another pair at the 
rear are for t he " B"-battery connections. The 
antenna and R+ terniinals must be insulated 
front the chassis. A jttek in the right-hand side 
is provided for headphones and 115 volts a.c. 
for the heater transformer, 7'2. is plugged in at 
the rear. The jack is insulated from the chas-is 
by means of filter washers. T2 is placed um tur 
the chassis near the headphone jack. 

Referring to the bottom view of Fig. 120:, 
the biasing bat t (try is to the left below CI. 
a pen-light flashlight cell soldered between 
coil-socket terminal and ground. Immediately 
below it is the by-pass condenser, C7. C6 is 

soldered between the socket terminal for L4 

TWO-TUBE SUPERIIET COIL DATA 

Lt or La L2 or Li 

A. 90 turns No SO d.s.r., close- 20 turns No. 30 d.s.e. 
wound 

B. 65 turns ii. 26 d.s.c., close- 15 turns No. 26 d.s.c. 
wound 

C. 45 turns No. 22 d.s.r., close- 15 turns No. 26 d.s.e. 
wound 

D. 21 turns No. 22 ennui.. 1% in. 15 turns No. 26 d.s.c. 
long 

E. 20 turns No. 22 enam., 1q in. 15 turns No. 26 tl.s.c. 
lung 

Frequency Raul, Coil at 1.1-1.2 Coil nt1.3-1.4 

1700 to 3200 ke. 
3((6) to 5700 kc. 
5400 to 10,000 kc. 
0500 to 14,500 ke. 

A 

E 
D 

and ground. The r.f. choke is supported at one 
end by a small fiber lug strip and soldered to 
C2 at the other. The i.f. transformer, L5L6, is 
bet we- ti the two tube sockets. L5 is connected 
bet ween the proper tube-socket terminals and 
C5 is soldered across these saine terminals. Cy 
is fastened directly between the two tube sock-
ets and Cg between the 6K8 socket and the 
proper terminal of the socket for L3. Clearance 
holes are drilled in the chassis for wiring to the 
switch, to the stator terminal of C4 and the 
grid cap of the 6K8. The rotor terminal of C4 
is grounded to the panel by a lug fastened un-
der one of the mounting pillars. Two holes also 
are provided for the leads to T1. 

Coils for the receiver are wound on Millen 
shielded 3/2-i itch dia tinter forms, Type 74001, 
which are provided with slug-type inductance 
trimmers. 
The method of winding is indiceted in Fig. 

1203; if the connections to the circuit are made 
as shown, there will be no trouble in obtaining 
the necessary oscillation. Both coils on each 
form should be wound in the same direction. 
Adjustment — To test the receiver, first 

Fig. 1204 — A haek-of-panel view of the two- tithe super-
heterodyne receiver. The chassis is 7 X 7 X 2 inches. 
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4, 

try out the i.f. circuit. Connect the filament 
and " B" supplies and place both tubes in their 
sockets. Put a high-frequency coil in the r.f. 
socket, but do not insert a coil in the oscillator 
socket. '1'lle only test which need be made is 
to see if the detector oscillates properly. Ad-
vance C2 front minimum capacity until the 
detector goes into oscillation, which will be 
indicated by a soft hiss. This should occur at 
around half scale on the condenser. If it does 
not occur, check the coil (L5L6) connections 
and winding direction and, if these seem right, 
add a few turns to the tickler, L6. If the de-
tector oscillates with very low capacity at C2, 
it will be advisable to take a few turns off L6 
until oscillation starts at about midscale. 

After the i.f. has been checked. plug in an os-
cillator coil for a range on which signals are 
likely to be heard at the time. The 5400-10,-
000-kc. range is usually a good one. The coils 
are arranged so that a minimum number is 
needed, even though two are used at a time. 
With Coil C in the r.f. socket and D in the 
oscillator circuit, set et at about half scale and 
turn C3 slowly around midscale until a signal 
is heard. Then tune el for maximum volume. 
Should no signals be heard, the probability is 
that the oscillator section of the 6K8 converter 
tube is not working, in which case the same 
method of testing is used as described above 
for the i.f. detector — cheek wiring, direction 
of windings of coils, and finally, add turns to 
the tickler, L4, if necessary. 
The same oscillator coil, D, is used for two 

frequency ranges. This is possible because the 
oscillator frequency is placed on the low-fre-
quency side of the signal on the higher range. 
This gives somewhat greater stability at the 
highest-frequency range. Some pulling — a 

Fig. 1205 — Bottom view of the 
two-tube superheterodyne re-
ceiver. The i.f. coil is between 
the two tube sockets near the 
rear af the chassis. The trans-
former to the right is the fila-
ment transformer. 

change in beat-note as the r.f. tuning 
is varied by means of C1— will be 
observed on the highest-frequency 
range, but it is not serious in the re-
gion of resonance with the incoming 
signal frequency. 
The receiver will respond to signals 

either 1600 lie. lower or 1600 ke. 
higher than the oscillator frequency. 
The unwanted response is discrimi-
nated against by the selectivity of the 
r.f. circuit. On the three lo v, 

ranges, when it is possil de to 
find two tuning spots on et at which 
incoming noise peaks up, the lower-
frequency peak is the right one. The 
oscillator frequency is 1600 kc. higher 

than that of the incoming signal (111 these three 
ranges and 1600 ke. lower on the fourth range. 
The inductance of the coils to hit the desired 
ranges can be adjusted by means of the trim-
ming slug in the coil forms. 
The regeneration control may be set to 

give desired sensitivity and left alone while 
tuning; only when an exceptionally strong 
signal is encountered is it necessary to advance 
it more to keep the detector in oscillation. It 
should be set just on the edge of oscillation 
for 'phone reception. 
The " B"-battery current is between 4 and 

5 ma., so that a standard 45-volt block will last 
hundreds of hours. 

41 A Three-Tube General-Coverage and 
Bandspread Superheterodyne 

A superhet receiver of simple construction, 
having a wide frequency range for general 
listening-in as well as full bandspread for 
amateur-band reception, is shown in Figs. 
1206 to 1210. The circuit uses only three tubes 
and gives continuous frequency coverage from 
about 75 kc. (4000 meters) to 60 Mc. (5 
meters). The receiver is intended for operation 
from either a 6.3-volt transformer or 6-volt 
battery for heater supply, and a 90-volt " B" 
battery delivering 15 ma. for plate supply. 

The circuit diagram is given in Fig. 1207. A 
6K8 is used as a combined oscillator-mixer 
followed by a 6SK7 i.f. amplifier. The inter-
mediate frequency is 1600 kc., a frequency 
which reduces image response on the higher 
frequencies and simplifies the design for low-
frequency operation in the region below the 
broadcast band. One section of the 6C8G dou-
ble triode is used as a second detector and the 
other section as a beat-frequency oscillator. 
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Fig. 1206 — A three-tube superheterodyne receiver, de,igned for dill, 
a.c. or d.c. heater operation and for 4i0-volt "IF -battery plate stippl 

To simplify clinstruetion, the an and 
oscillator circuits are separately t tined. Tile to> 
tenna t uning control, C1, may be used as a 
volume control by dot tilling from resonance. 
The oscillator citteMt, LaCaCa, is t uned 1600 ke. 
higher than the signal on frequencies up to 5 
Mc.; above 5 Mc. the oscillator is 1600 kc. 
lower than the signal. 
The parts arrangement is shown in the 

photographs of Figs. 1208 and 1209. Thè 
mixer tuning condenser. CI, is at the right. 
The bandspread oscillator tuning condenser, 
C'3, is in the center, controlled by the Na-
tional Type A 313-inch dial, and the hand-
set condenser, C'3. is at the left. 

Referring to the top view, Fig. 120S, the if. 
section is al(mg the rear edge, with Ti at the 
right. Next is the socket for t he 68E7, then 7'3; 
and finally 73 at the extreme left. The socket 

for the GCS(' is just in front of 
73. The triode section in which 
the grid is brought out to the 
1op cap is the one which is used 
for the beat oscillator. 
The r.f. :wet ion has been ar-

ranged for si it leads to favor 
high-frequeney operation. ' he 
three sockets grouped (thistly 
t ogether in the center are. Iitin 
left to right. the oscillator-'oil 
socket. socket for the hi K8, and 
the miiatr-coil iot, 
mounted ahoye the chassis by 
means of mounting pillar,, so 
that practically all r.l. leads 
are ;Wove (led:. The oscillator 
grid leak, It' ', and the high-
f requency cathode by-pass con-
denser, ("6, should lie mounted 
liroctiv on the socket before it 

is ii istalled. tio also should the 
oscillator grid condenser. C7, 
which can be seen extending to 
the left toward tut' 
coil stieket in Fig. Power-
supply connections should be 

soldered to the 6IKS socket prongs before the 
soeket is mounted. 
T1W gt• n urn I-rover:Igo condensers, CI and C2. 

are mounted dirertly on the chassis. C3 is held 
front the panel by means of a small bracket 
made from metal strip, bent so t hat t iii' cult-
denser shaft lines up with the dial coupling. A 
baffle shield made of aluminum separates the 
oscillator anti mixer sections. 

The first step in putting the receiver into 
operation is to align the i.f. amplifier. This 
should preferably be done with the aid of a test 
oscillator. but if one is not available the cirenits 
may ho alitrougl on hiss or titi- '. The beat oscil-
lator can also be used to furnish a signal for 
alignment. Further in on alignment 

Fie. 1207 --\\ king diagram for the three-ttahe super-
heter.,d> est.. 

— 100-oo fd ariable ( Ila 
marl I \i ( .1(1(1. \I 1. 

C2 — I-1140;1. 1.1e I I :un-
marlurol II:- 1 

Ca— 35.m„r.i. o 
m."-bind l 

— Oscillator molder; see roil 
table. 

paper. 
0.1102-ufd. mica. 

:7 — 270-pofil. miva. 
Co, — 0.01-utd. paoer. 
- clurto4 tic, 50 

1(.2. 1{, — 2711 'Win, t, aii. 

— 12,0110 "hills. 2 :II t. 

1.1, 1.2, La, I — Si'' cod tau.. 
— i.1. raw:former 
(NI illen 61161 

Ta — 1600-1,e, to.rdla tor tram,. 
former ( NI ¡ lien 65103 

Si, S2 — S.p.s,t, togg le switch. 
It FC — 2.5-mh. r.f. choke. 
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Fig. 1208 — A plan view of the three-tube 
superhetercub ne o it h the coils and tubes re-
moved. The clm--i- measures 5! 2 X 9!,2 X 
P.4ineh,i. and t I ii• tianel sizeis10. X 6inches. 

• 

may be found in Chapter Seven. 
'1'he coils are wound as shown in 

Fig. 1210. A eomplete Set of specifiea-
lions is given in the coil table. Ordi-
nary windings are used for all oscil-
lator coils, and for all mixer coils for 
frequencies above 1600 ke. Below 
1600 kc., readily available r.f. chokes 
are used for the tuned circuits. For 
the broadcast band and the 600-750-
meter ship-to-shore channels, the mix( r 
is a Hammarlund 2.5-mh. r.f. choke, wi h t 111. 
pies tapped as shown in Fig. 1210. The grid 
end and the intermediate tap are connected to 
machine screws mounted near the top of the 
coil form, and a flexible lead is brought out. 
from the grid pin in the coil form to be fas-

tened to either lead as desired. Mixer coils fo • 
the, two lowest-frequency ranges are con-
structed as shown. The antenna winding in 
each case is a coil taken from an old 465-ke. i.f. 
transformer, having an inductance of about 1 
millihenry. The inductance is not critical, and a 
pie from a 2.5-mh. choke may be used instead. 

COIL DATA FOR THE THREE-TUBE SUPERHETERODYNE 

Range 
Turres 

Li 

A — 76-154 kc  
166-360 kc  
400-1500 kc  

13— 1.6 to 3.2 Me. ( 160 meters)  
C — 3.0 to 5.7 Me. (80 meters)  
D — 5.4 to 10.0 ile. (40 meters)  
E — 9.5 to 18.0 Me. (20 meters)  
F — 15.0 to 30 NI,. ( 10 meters)  
G — 30 to 61) Mc. (5 meters)  

30 11111. 
8 ittli. 

2.5 nib.* 
5I; 
32 
18 
10 
6 
3 

L2 L3 

1 ml,. 
1 %It. !› 

10 

8 
4 
3 

65 

42 
27 
22 
12 
6 
3% 

L4 

12 

11 
9 
9 
3!‘4 

1 

La Tap 

04 

Top 

Ton 
Top 
12 
6 
2% 
1 

300 ¡odd. 

75 joifd. 
100 'nail. 
0.002 pfil. 
400 µW.I. 
400 maid. 
300 

*See Fig. 1210 and text for details. Cs is mounted itedde oscillator roil form; see Fig. 1210 Randspread taps on L3 
measured from bottom (" 13 -± en,11 of coil. La-A and roils elose-wound with No. 22 enameled wire: La-fl 
close-wound with No. 20 enameled; all other Lt and L. roils wound ni I, No. 18 enameled, spared to give a length 
id I 3 inches on a 1%-inch diainetg.r form (Flammarlond SWF) except the G coils, which are spaced to a length of 
t inch on 1-inch diameter (onus (Millen 45104 and 45003). Antenna and tickler coils, L2 and L. are close-wound 
with No. 24 enameled, spaced about % inch from button's of grid coils, except for L,-G. which is intcrwound with 
L. 

With the if. aligned, the mixer 
grid and oscillator coils for a band 
can be plugged in. Ca should be 
set near minimum capacity and 
C2 tuned from minimum capacity 
until a signal is heard. Then 
is adjusted for maximum signal 
strengt it. If C2 is set at the high-

¡"je. 1'09 — Below the elnucds of the 
three-tithe receiver. The r.f. choke is 
mounted near the oscillator coil socket to 
keep the r.f. leads short. In the i.f. stage, 
care should be taken to keep the plate 
and grid leads from the i.f, transformer 
short and well separated. A four-wire 
cable is used for power-supply connec-
tions. The headphone tip jacks may he 
seen near the upper right-hand corner. 
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OSCI LLATOR 

+8 

05C 
GRID 
CONO. 

MIXER 
GRID 

CISC.PLATE ONO. 

TOP OF SOCKET VIEWS  

MIXER 

166-360 Nc. 
76-154 Itc. 

AN1. 

OA CT& 

fr,  

2 34 

50540050, 

LOW-FREQUENCY MIXER COILS  

Fig. 1210 — How the coils for the three-tube super. 
heterodyne are constructed. On the hand-wound oscilla-
tor and mixer coils, all windings are in the same direction. 

frequency end of an amateur band, further 

6.3y. - 250V.* 

tuning should be done with C3, and 
the band should be found to cover 
about seventy-five per cent of the dial. 
C3 can of course be used for band-
spread tuning outside as well as inside 
the amateur bands. It is convenient to 
calibrate the receiver, using a home-
made paper scale for the purpose as 
shown in Fig. 1206. Calibration points 
may be taken from incoming signals 
whose frequencies are known, from a 
calibrated test oscillator, or from the 
harmonics of a 100-kc. oscillator, as 
described in Chapter Nineteen. The 
mixer calibration need be only ap-
proximate, since tuning of the mixer 
circuit has little effect on the oscillator 
frequency. It is sufficient to make a 
calibration which ensures that the 
mixer is tuned to the desired signal 
rather than to an image. 

Fig. 1211 — The modified three-tube superheterodyne 
receiver with the audio-amplifier stage added for loud-
speaker operation. 

On the broadcast band, the tuning range is 
such that, with C2 set at 1500 kc., the entire 
band will be covered on C3. It is necessary, 
however, to change the tap on the mixer coil to 
make the antenna circuit cover the entire 
band. Only one oscillator coil is needed for the 
range from 75 to 1500 kc., but a series of coils 
is needed to cover the same range in the mixer 
circuit. 

Fig. 1212— Circuit diagram of the single-tube 
pentode audio-amplifier stage which may be 
added for loudspeaker operation of the three-
tube superheterodyne. Except as noted below, 
the values for components correspond to those 
hearing the same designations in Fig. 1207. 
CI4 — 0.1-pfd. paper. 
Cm — 25-mfd. electroly tic, 50 volts. 
118 — 0.12 megohm, Y  watt. 
117 — 0.5-megohm volume control 
R8-400 ohms, 1 watt. 
J — Closed-circuit jack. 

Fig. 1213 — The additional parts for the audio stage can be identi 
fled in this subchassis view of the modified three-tube receiver. 
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Adding an audio stage to the three-tube 
superheterodyne — The three-tube receiver 
just described is designed for headphone oper-
ation, but readily can be converted to a four-
tube set for use with a 'speaker. For this pur-
pose a 6F6 pentode can be added to the circuit 
diagram, as shown in Fig. 1212. Figs. 1211 and 
1213 show the receiver when completed. 
For the purpose of driving the audio stage, 

resistance coupling is used from the plate of the 
second detector to the grid of the 6F6. A vol-
ume control is used for the grid resistor of the 
6F6, and a jack is installed in the second-detec-
tor plate circuit so that a headphone plug may 
be inserted. The volume control, R7, should be 
of the midget type so that it will fit in the 
chassis; it is installed with its shaft projecting 
under the tuning dial. In the bottom view, Fig. 
1213, the 6F6 socket is in the upper left corner, 
along with the cathode resistor and by-pass 
condenser, Rs and C15. The coupling condenser, 
C1.1, and the plate resistor, R6, are mounted on 
an insulated lug strip near the volume control. 
The 6F6 will require a plate supply of 250 

volts at about 40 milliamperes. This may be 
taken from a regular power pack, and a five-
wire connection cable is used to provide an 
extra lead for the purpose. The first three tubes 
may be operated from a " B" battery, as be-
fore. Alternatively, the power supply may be 
constructed with a tap giving 90 or 100 volts 
for these tubes, the tap being connected to the 

Fig. 1215 — An amateur-
band eight-tube receiver. 
The knobs ea the left C,3!1• 
tral audio v.-Jame (upper) 
and b.f.o. pitch, and the 
two on the right handle 
r.f. and i.f. gain (upper) 
and i.f. regeneration. The 
knob to the left of the 
large tuning knob is fas-
tened to the MA N.-

twitch. and 
the one on the right is for 
the antenna trimmer. The 
toggle twitch tinder the 
dial throws high negative 
bias on the r.f. stage dur-
ing transmission periods. 

• 

Fig 1214 — Circuit diagran. of a power supply 
suitable for small receivers. 
Ci, Ca - 8- or 16-mfd. eleetrolytic, 450 volts. 
Ri — 5000 ohms, 10 watts, wire-wound. 
Li — Standard replacernent-tv pc filter choke, 

15 to 30 henries at 70 ma. 
Si — S.p.s.t. toggle switch. 

Standard replacement-type power trans-
former with 6.3-volt, 5-volt, and 600. 
voit center-tapped windings, 70 ma. 
d.c. output rating. 

proper wire in the connection cable. For best 
performance, the output voltage should be 
regulated by a VR-105 regulator tube. A 
suitable power supply is shown in Fig. 1214. 
The primary winding of the 'speaker output 

transformer always should be connected in the 
plate circuit of the 6F6. Operation without the 
plate circuit closed is likely to damage the 
screen grid. Any 'speaker having a transformer 
with a primary impedance of 7000 ohms will be 
satisfactory; a permanent-magnet dynamic is 
convenient, since no field supply for the 'speaker 
is necessary. 
Power supply — Components for the a.c. 

power supply of Fig. 1214 may be mounted on 
a 7 X 7 X 2-inch steel chassis or a baseboard 
made of wood. The placement of parts is not 
important. If the steel chassis is used, the 
smaller components may be mounted under-
neath. The voltage of the filament winding 
should, of course, correspond to the rated 
heater voltage of the tubes used, unless a 
separate heater transformer is used. 

E, An Amateur-Band Eight-Tube 
Receiver 

A receiver with good mechanical and elec-
trical stability, variable selectivity through the 
use of a regenerative i.f. amplifier, good a.v.c. 
and gain-control characteristics, an audio 
noise limiter, and adequate audio for loud-
speaker reception is shown in Figs. 1215, 1217 
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and 1218. As can be seen from the circuit in 
Fig. 1216, a 6SG7 pentode is used for the 
tuned r.f. stage ahead of the 6K8 converter. 
An antenna compensator, C4, controlled from 
the panel, allows one to trim up the r.f. stage 
when using different antennas that might 
modify the tracking. The cathode bias resistor 
of the r.f. stage is made as low as possible 
consistent with the tube ratings, to keep the 
gain and hence the signal-to-noise ratio of the 

- stage high. The oscillator portion of the 6K8 
mixer is tuned to the high-frequency side of the 
signal except on the 28-Mc. band, the usual 
custom nowadays in communications re-
ceivers. The oscillator tuning condenser, C17, is 
of higher capacity than the r.f. and mixer tun-
ing condensers, in the interest of better 
oscillator stability. 
The i.f. amplifier is tuned to 455 kc., and the 

first stage is made regenerative by soldering a 
short length of wire to the plate terminal of the 
socket and running it near the grid terminal, as 
indicated by Cei in the diagram. Regeneration 
is controlled by reducing the gain of the tube, 
and R. a variable cathode-bias control, serves 
this function. The second i.f. stage uses a 
6K7, selected because high gain is not neces-
sary at this point. 
Manual gain-control voltage is applied to the 

r.f, and second i.f. stages. It is not applied to 

e 

Fig. 1216 — Circuit diagram 
C. C5, — See table. 
c2, clo. C12, C18 — JO-

Pedd. ceramic. 
C3, C11 — 15-ppfd. midget 

variable (National 
L.M.15). 

C4 — 1 5-g,ad. midget 

variable ( Ilarn-

marlond 11F-15). 

Cs, C6, C7, C8, Cu, C19, 

C20, C21, C22, C23, 

C24, C28, C25, C27, 

C28, C29, C39 — 
0.01-pfd. mica. 

C15 — 37-5Aifd. ceramic 
(10 and 27 in 
parallel). 

C15, C30, C32 — 100-ppfd. 
mica. 

C17 — 35-ppfd. midget 
variable (National 
UM-35). 

C31 — 250-yiad. mica. 

C33 — 0.05-4.d. paper, 200 

volts. 

C34 — 0.1-pfd. paper, 200 
volts. 

C35, C37 — 10-pfd. 25-volt 
electroly tic. 

C36 — 0.1-pfd. paper, 400 
volts. 

Gas — 35-gpfd. midget 
variable ( II am-
marlund 11F-35). 

CieL, Ce2 — Sec text. 
Ri, Rio, R18, 1130 — 0.1 

megolim. 
R2 — 68 ohms. 
R3, R14 — 33,000 ohms. 
114, Ra, Rs, RS* Hg, M13., 

1115, Ris, Rig, 1120, 
R21-47,000 
ohms. 

of the eight-tube receiver. 
117 — 220 ohms. 
1(11 — 180 011111S. 
1112- 2000-ohm wire. 

wound potentiom-
eter. 

1117 — 330 ohms. 
1122, 1123, k29, 1133 —  1.0 

megolun. 
1124, Ras — 0.15 megohm. 
R25-2700 ohms. 
1128-1.0-megohm car-

bon potentiom-
eter. 

11e- 25,000-ohm carbon 
potentiometer. 

Um— 470 ohms, 1 watt. 
1132-27,000 ohms. 
11a4— 0.2 meg011M. 

All resistors ji watt 
unless otherwise noted. 

Li through Le — Sec 

table. 

Ji — Closed-circuit tele-
phone jack. 

Si — S.p.d.t. toggle switch. 
S2A-11-C — Three-pole 3-

position wafer 
switch (Centre-
lab 2507). 

TL, T2 — 456-ke. inter-
stage if. trans-
former, permeabil-
ity timed (Millen 
64156). 

T3 456-ke. diode trans-

former, permeabil-

ity tuned (Millen 
64454). 

T4 — 456-kc. b.f.o. as. 
semble, permea-
bility tuned (Mil-
len 65456). 
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the mixer because it might pull the oscillator 
frequency, and it is not tied in with the first i.f. 
amplifier because it would interlock with the 
regeneration control used for controlling the 
selectivity. However, the a.v.c. voltage is ap-
plied to the r.f. and both i.f. stages, with the 
result that the selectivity of the regenerative 
stage decreases with loud signals and gives a 
measure of automatic selectivity control. 
Using a negative-voltage power supply for the 
manual gain control is more expensive than the 
familiar cathode control, but it allows a wide 
range of control with less dissipation in the 
components. The a.v.c. is of the delayed type, 
the a.v.c. diode being biased about 1Y2 volts by 
the cathode resistor of the diode-ti iode de-
tector-audio stage. 
The second-detector-and-first-audio is the 

usual diode-triode combination and uses a 
6SQ7. A 1N34 crystal diode is used as a mese 
limiter, and is left in the circuit all of the time. 
As is common with this type of circuit, it has 
little or no effect when the b.f.o. is on, but it is 
of considerable help to ' phone reception on t he 
bands where automobile ignition is a fact r. 
The constructor can satisfy himself on its 
operation when first building the receiver and 
working on it out of the ease. By leaving one 
end of the 1N.3-1 floating and touching it to the 
proper point in the circuit, a marked drop in 
ignition noise will be noted. 
The b.f.o. is capacity-coupled to the de-

tector by soldering one end of an insulated wire 
to the a.v.c. diode plate and wrapping several 
turns of the wire around the b.f.o. grid lead. 
This capacity is designated Co, in the diagram. 
The wire was connected to the a.v.c. diode 
plate lead for wiring convenience — the a.v.c. 
coupling condenser, C32, passing the b.f.o. 
voltage without appreciable attenuation. 
Headphone output is obtained from the 

Fig. 1217— This view 
of the eight-tube re-
ceiver chassis shows 
the mounting of the 
tuning condensers and 
the placement of most 
of the large emnpo-
nents. The three 
shielded plug-in coil 
assemblies can be seen 
to the left of the tun-
ing gang. The 6K8 
converter is the tubo 
on the left nearest 
the panel. 
The antenna termi-

nal strip, power-supply 
plug, headphone jack 
and 'speaker terminals 
are mounted on the 
rear (foreground in 
this view) of the 
chassis. 

plate circuit of the 6SQ7 at J, and loudspeaker 
output is available from the 6F6 audio-am-
plifier stage. High-impedance or crystal head-
phones are recommended for maximum head-
phone output. 
The receiver is built on an aluminum chassis 

mounted in a Par-Metal CA-202 cabinet and a 
Millen 10035 dial is used for tuning. The chassis 
is made of %6-inch-thick stock, bent into a 
" U"-channel, and measures 13 inches wide and 
7% inches deep on the top. It is 3 inches deep 
at the rear and %3 inch less at the front. The 
rear edge is reinforced with a piece of /3-inch 
square durai rod that is tapped for screws 
through the bottom of the cabinet, further to 
add to the strength of the structure when 
finally assembled. The various components 
that are common to the front lip of the chassis 
and the panel are used to tie the two together. 
The shield panel used to mount the antenna 

compensator condenser is also made of %6-inch 
aluminum with a 9-inch lip on the side for 
mounting. Part of the lip must be cut away to 
clear wires and mounting plates on some sock-
ets, so it is advisable to put in the panel after 
most of the assembly and wiring have been 
completed. Flexible couplings and bakelite 
rod couple the condenser to the panel bushing. 
The three tuning condensers are mounted on 

individual brackets of “6-inch aluminum. The 
brackets measure 2 inches wide and 1 9'j 6 high, 
with M-inch lips. A cover of thin aluminum — 
not shown in the photographs — slides over the 
condenser assembly to dress tip the top view a 
bit. The dust cover is not necessary for the 
satisfactory operation of the receiver. 

Ceramic sockets are used for the plug-in 
coils and the r.f. amplifier, converter and b.f.o. 
tubes. Mica condensers were used throughout 
the receiver for by-passing wherever feasible, 
because they lend themselves well to compact 
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construction. Paper condensers could be used 
in the i.f. amplifier but they would crowd 
things a bit more. 

In wiring the receiver, small tie-points were 
used wherever necessary to support the odd 
ends of resistors and condensers, and rubber 
grommets were used wherever wires run 
through the chassis, with the exception of the 
tuning-condenser leads. The latter leads, being 
of No. 14 wire, are self-supporting through the 
.16-inch clearance holes and do not require 
grommets. The same heavy wire was used for 
the grid and plate leads of the r.f. st age and 
the plate lead of t he oscillator, to reduce the 
inductance in these leads. The tuning con-
densers are grounded back at the coil sockets 
and not above t he chassis as might be t tend-
ency. Screen, ca t linde and plate by-pass con-
densers are grinint hid at a single point, for any 
tube wherever possi I de, although C2 is grounded 
at the r.f.-coil socket, Cs is grounded at the 
converter-i' il socket, and C13 is rut tutu,' : It the 
oscillator-ridl socket. The plate and li+ leads 
from T1 are brought back to the converter 
socket through shield braid, and ('si is returned 
to ground at the converter socket. 
The b.f.o. pitch condenser, C3g, is insulated 

from the chassis and panel by fiber washers, 
and the rotor is connected back to t he tube 
socket by braid that shields t he stator lead. 
This is do' ne to reduce radiation from the b.f.o. 
which might get in at the front end uf the i.f. 
amplifier. 
The coils are wound on Millen 71001 per-

meability-tuned coil forms, according to the 
coil table. Series con, lensers are mounted inside 
the forms on all bands except the 80- meter 
range, where no condenser is required and the 
tuning comktiser is jumped directly to the 
grid end of the (' Ills. In building t he the 
washers are first drilled for the leads and then 
cemented to the form with Duel) 01. other 
cement. The bot t 0111 washer is cemented close 

COIL DATA FOR THE EIGHT-TUBE 
SUPERHETERODYNE 

Coil 3.5 Mc. 7 Mc. 14 Mc. .38 Mc. 

1.1 15 t 9 t 6 t 4 t 
L2, L4 76 t 33 t 19 t 8 t 
CI, C9 short 27 µaft!. 15 µdd. 20 551d. 
L3 25 t lit 7 t 4 t 
L5 10 t 8 t 4 t 2 t 
Lb 47 t 32 t 14 t 6 t 
CH short 42 /odd. 27 pufd. 51 intfd. 

All coils wound on Millen 74001 forms, close-
wound. 3.5-Mc. coils wound with No. 30 eriam.: 7-
Mc. coils wound with No. 30 tse.; 14- and 2S-:\ I.•. 
coils wound with No. 30 il.s.e, on primaries and 
ticklers and No. 24 enani. on secondaries. C14 for 
7-Me. range made by connecting 27- and 15-,,fil. 
condensers in parallel. CI, C9 and C14 Erie Ceram-
icons mounted in coil form. 

to the terminal pins, leaving just enough room 
to get the soldering iron in to fasten the coil 
ends and to leave room for t he series condenser 
The large coils, L2, L.1 and L6, were wount 
first in every case, and then a layer of poly-
styrene Scoteli Tape wrapped over the coil, 
after w t he smaller winding was put on and 
the ends of the windings soldered in place. 
Since for maximum range of adjustment it is 
desiralde to allow the powdered-iron slug to be 
fully withdrawn from the coil, keeping the 
coils at the base end of the form allows the 
iron slug to travel out at the other end, under 
which condition the adjusting screw on the 
slug projects the least. To secure the wires 
after winding, drops of cement should be 
placed on them where they feed through the 
polystyreiii. washers. 

If a signal generator is available, it can be 
used to align the i.f. amplifier on 455 Ice. in the 
usual manner. If one is not available, the 
coupling at Cm can be increased to the point 
where the i.f. stage oscillates readily and the 
b.f.o. transformer is then tuned until a beat 

Fig. 1218— The mica 
by - pass condensers 
used th r ghout the 
r.f, arid i.f stages are 
grouped around the 
sockets of their re-
speet ive tubes. Tie-
point , are used wher-
ever . neeessary to sup-
m itt - inall resistors 
and 1.1,1111ensers. The 
antenna trimmer con-
denser is mounted on 
a bracket which also 
Set-% V+ shielding be-
ts% ei•ii the mixer- and 
r.f.seioil sockets, and 
it is offset to allow ac-
- to the trimmer 
s on the coil 

lornis. The plate and 
lid- leads from the 
first if, transformer, 

arc run in shielded 
braid, as are the leads 
from the b.f.o. pitch-
control condenser and 
the volume were 
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note is heard. The other transformers can then 
be aligned until the signal is loudest, after 
which ('ci should be decreased until the i.f. os-
cillates with the regeneration control, R12, 
about 5 degrees from maximum. The trim-
mers on T1 then should be tuned to require 
maximum advancing of the regeneration con-
trol for oscillation, with a set value of Cm. 
When properly tuned, the oscillation fre-
quency of the i.f. stage and the frequency for 
maximum gain in the regenerative condition, 
will be the saine. 
With a set of coils in the front end, set the 

tuning dial near the high-frequency end and 
tune in a strong signal or marker with the ad-
justment screw on the oscillator coil. The con-
verter and r.f. coils can then be peaked, with 
the antenna compensator set at about half 
capacitance. Then tune to the other end of the 
band and see if you have enough bandspread. 
If the bandspread is inadequate, it means that 
C14 is too large, and it should be reduced by 
using a smaller size of condenser or a combina-
tion that gives slightly less capacitance. The 
tracking of the converter and r.f. coils can be 
checked by repeaking the position of the slugs 
in the coils at the low-frequency end. If the 
converter or r.f. coil tuning slug has to be ad-
vanced farther into the coil ( to increase the 
in(luctance) it indicates t hat C, or C1 should be 
larger. Tracking by tile method described is at 
best a compromise, although to all intents and 
purposes the loss from some slight misalign-
ment is completely unimportant. Another 
method would he to tap the tuning condensers 
on t he coil in t he familiar bandspreatling man-
ner. but this requirus considerable time and 
pat ience. I lowever, with the series condensers 

n t his receiver, t he t uning curve is more 
crowde(l at 1 he high-ire) u' end of a range 
than at the low, and t his would be reduced 
so mew hat by the tapped-coil method of band-
spread. 
The adjustment of L5 can be made, if deemed 

necessary, by lifting the cathode end of 116 and 
inserting a 0- l milliammeter. If t he tickler coil 
has the right number of turns, the current will 
be from 0.15 to 0.2 ma., and it won't change 
appreciably over the band. Although such a 
grid-current check is a fine point and not really 
necessary, it is a simple way to determine that 
the oscillator portion is working, since the cold 
ends of L5 and L6 are at the same end of the 
form — the plug end — and this netessitates 
winding the two coils ill opposite directions. 
Some trouble may be experienced with os-

cillation in the r.f. stage at 28 Me. However, a 
grounding strap of spring brass mounted 
under one of the screws holding t he mixer-coil 
socket to ground the shield when the coil is 
plugged in will normally clear up the trouble. 
Inadequate coupling to the antenna will also 
let the r.f. stage oscillate under some tuning 
conditions, and close coupling is highly recom-
mended for stability in this stage and also for 
best signal response. A 10-ohm resistor from 

L2 to the grid of the 6SG7 will also do the 
trick. 

It will be found that the over-all gain of the 
receiver is quite high on the lower-frequency 
bands, requiring that the r.f. gain be cut down 
to prevent overloading on strong signals. For 
c.w. reception, the regeneration control is 
advanced to the point just below oscillation 
and the b.f.o. is detuned slightly to give the 
familiar single-signal effect. For 'phone recep-
tion, S2 is switched to A.V.C. and volume-
control adjustments made with the audio 
control, 1126. If desired, the regeneration con-
trol can be advanced until the i.f. is oscillating 
weakly, and then a heterodyne will be obtained 
on weak carriers, making them easy to spot. 
Strong carriers will pull the i.f. out of oscilla-
tion because the developed a.v.c. voltage re-
duces the gain, and hence a simple form of 
automatic selectivity control is obtained. If it 
is considered desirable to reduce the i.f. gain 
when switched to the A. V.C. position, the re-
generation control can be used for this purpose. 
The MAN. position permits manual gain-
control operation with the b.f.o. off. 
The switch SI is used for receive-transmit 

and throws about 40 volts negative on the grid 
of the first r.f. stage. 
Power supply— A power supply suitable 

for the eight-tube receiver is shown in Figs. 
1219 and 1220. An idea of t he parts arrange-
ment can be obtained from Fig. 1219, although 
t here is not critical about this portion of 
I he receiver. If one wants a neat-looking station 
with no loose power supplies in sight, the 
power supply can be built into one corner of the 
loudspeaker cabinet. 

Fig. 1219— Power supply for the ei,ht-tube reeei. er. 
Two rectifiers are required beeause a -..arate s,i,pts is 
incorporated for gain-eon ir tpurposes. 'I he filter eliiike 
and the negative-supply litter condensers are mounted 
under the chassis. At the rear of the chassis is the socket 
for the power cable. 
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Fig. 1220— Power-supply wiring dia-
gram. 
CI, Ca — 16-pfd. 430-volt electrolvtie. 
Ca, C4 — 8-pfd. 450-s ti eleetrolv.tie. 
Ri — 500 ohms, 10 t ts, mire-Wound. 

5000 Mins ,, 10 %, at ts, wire-wound. 
R3 — 0.1 Megoiun. 1 w att, composition. 
Ii — 30-henry 1 l 0-ma• filter choke 

(Stancor C-1001). 
Ti — 350-0-330 volts, 90 ma.: 5 volts 

at 3 amp., 6.3 volts at 3.3 amp. 

A Band-Pass Converter for 14, 28 
and 50 Mc. 

To extend the frequency range of a C011111lib. 
Ilient ¡OILS I'VeriVVr. a converter can be used, to 
convert from the signal frequency to that of 
the receiver. Such a converter is shown in Figs. 
1221. 1223, 1221 and 1225. which will give re-
ception in the 11-. 2S- and 50- Mc, bands with 
any recuiver capable of tuning to 7.3 Mc. To 
simplify construction. the r.f. stages are fixed-
t uned awl only the local oscillator is tutted 
when running across a banfl. The band-width 
of the r.f. stages is sufficient to accept any sig-
nal over an amalf air band without noticeable 
attenuation. The broad-banding is obtained 
by loading the circuits with resistors to reduce 
t Q, using a minimum of capacity for the 
same reason, and then " staggering" the cir-
cuits; i.e., tuning them to slightly different 
frequencies so that the resultant pass band is 
broad and nearly flat within the required 
range. The input circuit. from the antenna, 
must be broad, and this can only be obtained 
by heavy coupling to I he antenna. This con-
dition coincides with the condition for best 
signal transfer. 

As can be seen from the wiring diagram in 

Fig. 1222, the only tuning controls in the r.f. 
stages are the powdered-iron slugs of the coils. 
These are used to resonate the coils with the 
circuit capacities to the signal frequency. The 
loading resistors, n3 and /?6, are used to broaden 
the circuits. The plate and screen voltages are 
the same on each r.f. amplifier tube, to reduce 
the number of by-pass condensers, and filter 
resistors are used to prevent over-all feed-back 
through the common power lead. Another pos-
sible source of over-all feed-back is the heater 
circuit, and in this converter the " hot" heater 
lead to the input stage was run in shield braid 
to reduce the possibility of feed-back. 
The oscillator is a straight plate-tickler type 

using a 6G1, and it is coupled to the mixer 
through a capacity shown as dotted lines in the 
diagram. Actually the coupling capacitor con-
sists of a short, length of wire near the grid of 
the mixer tube. 
The output frequency is 7.3 Mc. approxi-

mately, and this is the frequency to which 
C10 /.,5 is tuned. If a frequency slightly below 7.0 
Mc. is used, there is a possibility that the fourth 
harmonic of the receiver high-frequency os-
cillator will find its way into the converter 
when operating in the 2.8-1c. band, resulting 
in a constant signal that has only nuisance 

value. A low-impedance shielded line 
feeds the 7.3-Mc. out put into the 
communications receiver. The com-
munications receiver furnishes the 
nece•-ary selectivity. 
The cathode bias of the second r.f, 

amplifier is varied by the gain con-
trol. llio, to avoid blocking by strong 
signals. The " send- receive" switch, 
Si. is used to turn off t he converter 
during transmission periods. The 
power switch, S.2, is mounted on thr 
gain rout rol and is used to turn off 
t he power to t ht eon vt net. 
The power supply is regulated. us-

ing the miniature equivalent of the 
and the stabilized 105 volts 

is fed to all stages. 
The r.f. stages and mixer are built 

as a separate unit on a strip of alumi-

Fig. 1221 — A 28-Me, converter 
that hvcd-tuned r.f. stages and 
thus eliminates the ganging prob-
lem. The knob at left is for the "send-
receive- switch, and the right-hand 
knob is for gain control. 
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Fig. 1222 — Cireuit diagram of the hand-pass converter. 
Q, Q, Q, C5, C7, Cs, C1g — 0.00 I -ad. postage-stamp 

C3, Cg — 100-oafd. postage-stamp mica. 

C9 — 0.01-pfd. miea. 

Q0, C15 — 31-µµfil. eeramic (Erie N150). 

Cl2 — 16-pfd. ,150-volt electrolytic. 

CI3 — 27-oofd. ceramic (Erie N150) across CI4 1,1113 
additional capacil mounted in L7Ls form. See 
coil table. 

C14 "'.. 11•Mpfd. midget variable (11ammarlund I IF-15 
with one stator plate realm cd. 

114 — 180 ohms. 

112, 1114, 1115 — 270 ohms. 

num, to furnish a chassis in which the grounds 
are loon. pertain than ilmy would I w on a 
Hark-nark lid swig chassis, and it also makes 
a well-shielded iimplifier when mounted on 
the steel chassis. The steel chas,is is a standard 
7 X Il X 2-inch affair. A panel is used to sup-
port Ihe National A( ' N ' bah and to reduce 
metal work on the steel rhassis the panel is 
supported away front t 
chassis by an aluminum bracket 
on one side and hy two of the 
screws that fasten the dial to 
the panel ii nit's in the chassis 
allow access to the tuning 
slugs of the r. f. coils. 
The tuning condenser is 

mounted on a small aluminum 
bracket fastened to the chassis 
by two screws and to the con-
denser by t he shaft hushing. 
This results in a rigid mount 
that eoist riiint i's considerably 
to On- intalanical stability itt 
the oscillator. 
The const ruction of the alum-

inum channel is apparent fr,m 
Fig. 1224. It is 3 inches wide 

• 
Fig. 1223 — Another view of the 
converter showing the r.f. sub-

chassis. Note the bracket on the 

tuning condenser, used to avoid 

backlash. 

1 a, Re, its -- 6/100 ohms. 

1 s — 1.5 inegolints. 

lto — 1.0 tneboilins. 

1 to — 2000-oh in potentiometer, wire-wound. 

1 it — 10.000 ohm ,. 2 waits. 

1 12 — 1250 ohm-, 10 wire-nound. 

113 — 51,000 011111, 1 nul t. 

All resistors , wait tailless otherwise sped tied. 
T4- 143 —  See roil table. 
1..9 —. 8-henry 7,0-nia, filter choke (Stancor C. ¡ 279). 

Si — S.p.s.t. rotar, sis 

52 — mounted on Rin. 

Ti — 300-0--300 soh-. Sif -ma. er transformer, with 

5- and 6.3-voit , 

and 114 Inches high, and is bolted to the side 
of the steel chassis and to t he top. A small 
strip of bakelbe. supporteil away front the side 
by serews and small sparers. is tisis I 1-0 SU pport 
the power-supply end of the filter resistors I. 
Rs and Rts. The ends are fed through small 
holes in the bakelite aml then w-rapiied around 
the strip before being soldered together. 
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In the heater circuits of the miniature tubes, 
Pin 4 is grounded to a lug under the nut fasten-
ing the socket, and Pin 3 is the " hot" heater 
lead. In the case of the input 6AK5, the hot 
heater lead was led back in shield braid, and 
the braid was grounded at the lug grounding 
Pin 4, and to lugs at two other points along the 
way. These lat ter lugs are under the nuts fas-
tening the sockets for La and the output coil, 
L5L6. 
The cathode and screen/plate by-pass con-

densers are gmunded to lugs under nuts lndd-
ing the sockets of their respective plate coils. 
Since it doesn't matter where the cathode re-
sistors are grounded, they are returned to lugs 
under the coil sockets ahead of them. Pins 1 
and 2 of the coil sockets are grounded to the 
lugs just mentioned, the No. 3 pins of the coil 
sockets for La, L4 and L5 go to the plates of 
their respective tubes, and the No. 4 pins of 
the same sockets are connected to the screen 
pins on the tube sockets. The grid condensers, 
Ca and C6, are tied from Pin 7 on the coil 
sockets to the grid pins on the tube sockets. 
The oscillator and power-supply wiring on 

the steel chassis is conventional, with the ex-
ception of t he oscillator coupling condenser. A 
small National TP13 bushing is mounted on 
the chassis where it will be parallel to the lead 
on the grid side of R7. This bushing is con-
nected to the stator of Clel and the " hot" side 
of L7 by a heavy wire, and coupling is obtained 
by the capacity between this bushing and the 
grid lead of the mixer stage. The output cable 
Irons L6 is a length of RG-59/U 70-ohm cable. 

Fig. 1224 — The straightforward ar-
rangement of the r.f. components is 
shown in this view of the subchassis. 
The straight side is sctem.d tu the 
side of the chassis. 

If one of the free points on the OB-2 
voltage-regulator tube socket is used 
as a tie-point for C32 and L,, as was 
done in this case, be sure. to clip off 
the pin on the tube. If this isn't done, 
a discharge will be obtained inside the 

tube, since the free pin projects inside the 
tube envelope and acts as an anode. 
The coils for the converter are wound on 

Millen 74001 tuned plug-in coil forms. The 
coils are started on the form about inch 
above the lower limit of travel of the iron slug. 
In the case of L3 and L4, one end of the wind-
ing is connnected to Pin 4 and the other to 
Pin 7. A jumper is then run from Pin 7 to Pin 
3. This jumper has the effect of tapping down 
t lie plate on the coil, since the jumper has some 
reactance at these frequencies. In the case of 
the oscillator coil, the padding condenser, C13, 
is mounted inside the coil, although it could be 
mounted on the coil socket. The tickler, L8, is 
wound on the form away from the slug end. 
The mixer output capacitor, C10, is mounted on 
the socket. All coils are securely fastened with 
coil dope, and this is particularly important in 
the case of the oscillator coil assembly, to in-
sure long-time stability. 

After the wiring has been completed and 
checked, the oscillator should be checked first. 
Put a voltmeter across R14 and see if the volt-
age increases slightly when the grid of the os-
cillator tube is touched. If it does, it shows that 
the circuit is oscillating, and the coil can be 
tuned to frequency with the iron slug. 

Couple the output of the converter to a 
communications receiver on 7.3 Mc. and ad-
just the slug of L5 for maximum noise in the 
receiver, with power to the converter and the 
converter gain control at minimum. Some kind 
of signal will be needed with which to establish 
the oscillator frequency accurately, and this 

COIL DATA FOR THE BAND-PASS CONVERTER 

Coil 14 Mc. 28 Mc. 60 Me. 

L1 
L2 
/4, L4 
Ls 
L0 
L7 

Ls 
C13 

13 t. No. 26 d.c.c. 
35 1. No. 24 d.c.c. 
25 1. No. 24 d.c.c. 
37 t. No. 26 enarn. 
9 t. No. 20 enatn. 
4 t. No. 24 d.c.c. 

spaced to occupy 14, inch 
3 t. No. 26 d.c.c. 
130 ,dd. 

8 t. No. 26 d.c.c. 
23 t. No. 24 d.c.c. 
8h t. No. 24 d.c.c. 

Same 
Same 

7 t. No. 20 onion. 

3 t. No. 26 d.c.c. 
27 paid. 

5 t. No. 26 d.c.c. 
8 t. No. 24 flex. spaced wire distil. 
5 t. No. 24 d.c.c. spaced twice wire diani. 

Same 
. Same 

2 t. No. 24 d.c.c. spaced wire diam. 

2 t. No. 24 d.c.c. 
22 pafd. 

Li wound over ground end of L2, tape insulation. La !waved from L7 
unless otherwise specified. All coils wound on Millen 74001 permeability 

by washer thickness. All coils close-wound 
-tuned forms. 
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Fig. 1225 — A view underneath the chassis shows the 
polystyrene bushing u.ed to couple front the oscillator 
to the mixer. The panel is m .... nted a way from the chassis 
to simplify mounting of the dial. The tuning screws of 
the r.f. coil can be seen projecting through holes in the 
chassis. 

signal can be a harmonic from the station 
transmitter or a test generator. For 28- Me. 
alignment, set the signal source at about 28.5 
Mc. and the tuning dial at 35 and adjust the 
slug on the oscillator coil until the signal is 
heard. Short the input of the reeeiver with a 
carbon resistor equal in value to t lie impedance 
of the antenna line. Having established the 
tuning range — and checking it at other points 
if available — peak L2, L3 and L4 on noise. 
Tuning across the band, the output noise 
should peak near the center of the range and 
fall off slightly at either end. By increasing the 
inductance of L4 — running the slug in — and 
decreasing the inductance of L3, it will be pos-

Fig. 1226— A crystal-diode noise 
limiter for use between receiver and 
IteadpItunes, nuilt n 4 by 4 by 2. 
inch box, it contains the limiter 
crystals, bias cells, headphone jack, 
and on-off switch, and is provided 
with a cord and plug to connect to the 
receiver headphone output. 
Although primarily intended for 

c.w. reception, the limiter also is 
highly effective ou 'phone signals 
when the audit) volume level is 
properly set and the r.f. gain is auto-
matically- controlled. 

• 

sible to get practically uniform noise output 
over the entire range. It will be found that L2 
tunes very broadly when loaded by the re-
sistor or the antenna, and its resonance should 
be checked with this load disconnected, to 
make certain that the coil can be made to tune 
through resonance. A sharp increase in the 
noise will serve as an indication, and it may be 
found necessary to retard the gain coat rol fur 
this test, to prevent oscillation in the r.f. 
stages. 

If any queer burbles or sudden peaks of 
noise are encountered, it indicates regeneration 
in the r.f. stages. If this is encountered, the r.f. 
stages can be worked on while removed from 
the chassis, since there will be enough stray 
oscillator output to the mixer to receive sig-
nals, and the various plate- and heater-supply 
leads can be investigated with a 0.001-mfd. 
mica condenser until the source of feed-back is 
found. Poor grounds can also give trouble. 

tinder normal conditions, the gain of the 
communications receiver following the con-
verter will have to be reduced considerably, 
since the gain of the converter runs around 40 
db. It will be found to require very little an-
tenna for normal pick-up, but in order to give 
it every break it should be used with the best 
antenna available. Some experiment with 
the input coupling may be necessary if a tuned 
antenna is used, but this might be only a tuned 
circuit with a link line running to the con-
verter input. 

(1. An Audio Noise Limiter 

If one is bothered by ignition and other 
pulse-type noise on the higher frequencies, the 
addition of a noise limiter to the output of 
the receiver will result in improved reception 
and will allow the reception of some weak 
signals that might otherwise be lost. The 
limiter shown in Fig. 1226 is plugged in to the 
receiver 'phone jack and the headphones are 
plugged into the limiter, so that no work on 
the receiver is required. The limiter will also 
keep the strength of e.w. signals at a constant 
comfortable level and will do much to relieve 
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Fig. 1227 — Practical clipper circuit for headphone re-
ception. 

ci — 0.005-pfd. — Headphone plug. 
Ji — Single-circuit jack. lit — 15.1810 ohms, J2 matt. 

Si — S.p.s.t. toggle. 

the operating fatigue resulting from long hours 
of listening to crackles, key clicks, blocking 
signals and the like. 
As can be seen from the wiring diagram in 

Fig. 1227, two 1N34 crystal diodes, individ-
ually biased by 1 dry cells, are used to 
short-circuit any signal coining through the 
'phone circuit that has an amplitude greater 
than about 3 volts, peak-to-peak. Hence if the 
audio gain of the receiver is adjusted to give a 
signal of this amplitude — comfortable head-
phone volume — noise peaks of greater am-
plitude will be short-circuited and not heard 
in the headphones. A 6AL5 twin diode can be 
substituted for the two 1N34 crystals, but a 
heater supply will be required and it is gen-
erally more convenient to build t he limiter as 
shown. No current is drawn from t he two cells 
used for bias, and they will last their shelf life. 
The limiter can be built in a 4 X 4 X 2-inch 

cabinet, as shown in Fig. 1226. By removing 
the two sides of the cabinet, all of the com-
ponents can be mounted in the frame. The two 
dry cells can be taped toget her and then held 
in place by heavy leads soldered to them. or 
special clips can be made of spring brass. The 
two 1N34 crystal diodes are best mounted on 
tie-points, and the pigtails of the diodes should 
be held in a pair of long-nose pliers while solder-
ing to them, because too much heat from the 
soldering iron may decrease the effectiveness 
of the crystal. The pliers conduct the heat 
away that might otherwise reach the crystal. 

f, An Antenna-Coupling Unit 
for Receiving 

It will oft Pn be found advantageous on the 
14- and 28- Me. bands to tune (or match) the 
receiving antenna feed line to the receiver, in 
order to get the most out of the antenna. A 
compact unit for this purpose is shown in Fig. 
1228. The wiring diagram, Fig. 1229, shows 
that the unit is a simple pi-section coupler. 
By proper selection of the condenser and 
inductance values, a match can be obtained 
over a wide range of values. It can be placed 
close to the receiver and left connected all 
of the time, since it will have little or no ef-
fect on the lower frequencies. A short length 

Fig. 1228 - Hear vie, . d the antenna-coopling milt-
The two coils can be Sre .11 directly helon tl,.• two con-
densers. 

of 300-ohm Twin-Lead is convenient for con-
necting the coupler to the.receiver. 
The antenna coupler is built in a 3 X 4 X 5-

inch metal cabinet. All of the components ex-
cept the two pairs of terminals are mounted on 
one panel. The condensers are mounted off the 
panel by the spacers furnished with the con-
densers. and a clearance hole for the shaft 
prevents any short-circuit to the panel. The 
coils, wound on National PRD-2 polystyrene 
forms, are fastened to the panel with brass 
screws, and the coils should be wound on t he 
coils as far as possible away from the mounting 
end. If this still haves the coil ends within !,?, 
inch of t he panel, the forms should be spaced 
away from tlyi• panel by Na tional XP-6 but-
tons. The switch should be wired so that the 

1_1 

ANTENNA REcztvER 

L2 

Fig. 1229&-- Circuit diagram of the coupling unit. 

CI, C2— 100-551d. midget Nat-411de (Minen 22100). 

Li, 1.2— 30 turn , No. 18 d.c.c. close-mmind 1.,-itich 
diameter lime form, tapped at 2)2, 1)I 
and 14 1 turn,. 

— 2-circuit )))) single-section ceranàic wafer 
switch ( Nlallory 173C). 

switching sequence puts in, in each coil, 0 
turns, 21.; turns, 6 I.; turns, 14 turns and 30 
turns. All of the wiring, with the exception of 
the input and output terminals, can be done 
with the panel removed from the box. 
The unit is adjusted for maximum signal by 

switching to different coil positions and adjust-
ing CI and C2. It will not be necessary to retrim 
the condensers except when going from one 
end of a band to the other, and when the unit 
is not in use, as on 7 and 3.5 Mc., the coils 
should be switched out of the circuit and the 
condensers set at minimum. 
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IN THE descriptions of apparatus to 

follow. Ill t tidy the electrical specifications but 
also the manufacturer's name and type num-
ber have been given for most components. This 
is for the convenience of the builder who may 
wish to make an exact eopy of sonie piece of 
equipment. However. it should be understood 
that a component of different manufacture, 
provided it is of equivalent quality and has the 
same electrival specifications, may be sub-
:d it uted ill most cases. 

C. A Beginner's Transmitter 

One of the › iniple,t a ti4aetory ransmitters 
for amateur use is shown ill the phottigraphs of 
Figs. 1301 and 1303. The circuit diagram ap-
pears in Fig. 1302. The arrangement consists 
of a Pierce crystal oscillator rapacitanee-
coupled to an out put stage whieh may be used 
eit her as a st raight amplifier at the crystal fre-
quency or as a frequeney doubler to deliver 
output at t wive the crystal frequency. This 
combination has the advantage over a shuffle 
oscillator transmitter in t hat the oscillator is 
isolated from t he effect s of tuning :unl loading. 
Type 61..ft tiV6, or 616 tubes. or their glass 
equivalents. may be used in either the oscil-
lator or amplifier vil h only a slight difference 
in performance at the supplied plate voltage. 
By the use of the proper coil al /.. 1, output 

1301— The com-
plete beginner's trail— 
mit ter. in the r.f. unit 
in the foreground. h•ft 
ill riuht. are The 
prong sm•ket for die 
po,.er plug. letal cock. 
cl- for the cry 4al, os-
cillator tube and am-
plifier tube. the 
output tank ilindens-
ers, C9 and Cm, u ith 
tin. coil Li iii bei ,o ern. 
On the pimer-supply 

chassis at the rear 
are the filter choke 1.2. 
the Type no reetifier 
tube and the IIIIMer 
transformer. 'the filter 
condensers. Cii and 
C12, and the bleeder 
resistor' R9, are under-
neath. The key-click 
filter is to the right. 

• 

conitruction 
may be obtained at 3.5 or 7 Me. with a 3.5- Me. 
crystal or at 7 or 1-1 M. with a 7- Me. crystal. 
The amplifier input is not tuned so that neu-
tralization of the output stage is unnecessary. 
C2 provides regeneration; its value should 
not depart appreciably from that spenified. 
The output tank eireuit is in the form of a 
pi-section filter which makes it possible to 
use the transmitter with a wide variety of 
antenna systems. 

Parallel plate feed is used in the output stage 
to remove plate voltage from the tuning con-
densers and the coil. Plate voltage for t he os-
cillator is reduced by the series resistor, Us. 
while screen voltage is obtaitled from the 
voltage divider made up of 112 a Ild 113. In the 
amplifier section, t he screen volt age is obtained 
from the second voltage divider consisting of 
/e6 and 117. Grid bias for the oscillator is ob-
tained from the grid leak, 11 alone, while a 
combination of cathode resistor ( te) and grid 
leak ( 11.11 is used for the amplifier. A 60-111:1. 
dial lamp serves as a resonance indicator in 
tuning tip the transmitter. 

Cousin:cam, — The chassis or frame is 
made entirely from lattice strip, 1q, inches 
wide anti inch t hick. The sketch of Fig. 1304 
shows how the strips are fastened together 
with 1-inch wire brads. The 1!.¡'-inch spacing 
between the top strips is appropriate for 

O•ft 

255 



256 Chapter ..71zirleen 
C, 

3 

Pins on octal 
socket for 
espaciny 

P3 

11$ V. A.C. CH 

V2 

L 2 

 d.SL,Q_QJ  
T c,, 

(D. TO 
Fl L. 

BASE 
VIEW OF 

(KEY) POWER PLUG 

R9 

THUMP AND SPARK FILTER AT KEY 
------ -1(FIL) 

KEY C13 RFC 

(KEY-FRAME _ C14T ' 
BINDING POST) I 0 W  

RFC  

Millen sockets, but it can be changed to suit 
sockets of ot her dimensions, of course. 
The completed chassis was given a couple 

of coats of grey Duco. The sockets are fas-
tened in place by means of small wood screws 
and are orientated so that most-convenient 
connections may be made. The power-plug 
socket has its metal-ring key to the left, the 
oscillator tube socket key is to the right, the 
amplifier tube socket toward the front and the 
coil socket toward the left. 

All wiring is done underneath. The ground 
wire is a piece of No. 14 bare wire which runs 
the length of the chassis from the No. 4 prong 
on the power-supply socket to the rotor of Cu. 

Fig. 1303 — Bottom 
view of the beginner's 
transmitter. The by-
pass condensers, r.f. 
chokes and resistors 
are grouped around 
the tube sockets. The 
ground wire mentioned 
in the text runs along 
the top edge of the 
lower chassis strip. The 
indicator lamp, /1, is 
wired in (be11f line 
just below the ampli-
fier plate r.f. choke. It 
is placed underneath 
the chassis where it can be viewed from above through the opening between the chassis strips. The 
the right is in the amplifier and the one to the left is in the oscillator circuit. 

(84 

ART 

(3-$K0.) 

BASE VIEW 
OF PowER - 

CABLE SOCKET 

Fig. 1302 — Circuit diagram of the 
beginner's transmitter and power 
supply. 
CI, C8 — 0.001-pfd. mica. 
C2, C5 — 100-µµfd. Mira. 
C3, CI, C8, C7 — 0.01-pfd. paper. 
CO, CIO — 250-eq(fil. variable (Na-

tional TAIS 250). 
C11, Cl2 — 16-µftl. 475-volt elec-

trolv tic. 
C13 — 1-µfd. 400-volt paper. 
Cu — 0.5 ad. 400-volt paper. 
RI, 113 — 47,000 ohms, 1 watt. 
112, Rs — 0.1 mcgohm, 1 watt. 
114 — 22,000 ohms, 1,4 watt. 
R5, RIO — 330 ohms, 1 watt. 
117, R8 — 15,000 ohms, 2 watts. 
Rs — 20,000 ohms, wire-wound, 10 

watts. 
Lz — 3.5 Mc.: 32 turns No. 20 d.s.c., 

134-inch diam., close-wound. 
— 7 Mc.: 20 turns No. 20 

enam., W 2-ineh diam., 13 
inches long. 

— 14 Mc.: 10 turns No. 18 
enam., 1%-inch diam., 1 inch 
long. 

(B & W JETS°, "40" or "20" 
coils may be substituted.) 

1.22 — Filter choke, 10 hy., 130 ma. 
(Stancor C-2303). 

It — 60-ma. dial lamp. 
— 5-prong chassis-mounting male 

plug. 
P2 — 5-prong female cable plug. 
— A.c. line-cord plug. 

RFC — 2.5-mh. r.f. choke. 
T — Power transformer; 350 volts 

each side of center; 5 v., 3 
amp.; 6.3 v., 4.5 amp. 
(Stancor P-4080). 

Vi, V2 — 6V6, 616, 6F6 or glass 
equivalents. 

V3 — Type 80 rectifier. 

To this wire all ground connections shown in 
the diagram are made. Connections to by-pass 
condensers and r.f. chokes should be as short 
as possible, the by-pass condensers being 
connected to the nearest point on the ground 
wire. A pair of fiber lug strips provide anchor-
age for resistors and r.f. chokes. " Hot" r.f. 
leads (those from the plates and control grids 
of the tubes and the connections between the 
tuning condensers and the coil) should be 
short and direct instead of going around right-
angle bends. The out put terminals are a pair 
of Fahnestock clips fastened to the two sides 
of C10. 
Homemade coils may be constructed by 

r.f. choke to 
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winding them, according to 
the dimensions given under 
Fig. 1302, on Minima/.lund 
1 k),-inch diameter 5-prong 
eon forms. Those shown in 
the photograph are the 
B & W J EL series. The link 
winding is not used. 

Inexpensive components 
are used in I he power sup 
ply. The transformer is a 
broadcast-receiver replace-
ment type as are the filter 
components. Tlie chassis is 
similar to that used for the 
transmitter, the only differ-
ence being in the length — 
9V2 inches instead of 15,1 
inches. The filter condensers, and the bleeder 
resistor. Ra, are placed underneath. 
The key-click filter is a separate unit. as-

sembled on a small piece of q-inch wood. The 
connecting leads and the leads to the key 
should be short if the filter is to be effective. 
The side of the filter eonnecled to power-plug 
Pin 5 should be connected to the frame of the 
key. 
Adjustment— The transmitter should 

first be tuned up without, the antenna con-
nected. It should be remembered that. only the 
second harmonic of crystals between 3500 and 
3650 kc. and between 7000 and 7200 kc. are 
useful in the higher-frequency amateur bands. 
With a suitable crystal and coil plugged in, 
the powt.‘r supply may be plugged in and the 
key closed after allowing tinte for the heaters 
of the tubes to come up to temperature. The 
indicator lamp should glow bright ly when the 
key is closed. Setting Co) at about half capac-
itance, C9 should be adjusted as It is watched 
for a dip in illumination. If this dip cannot be 
found anywhere within the range of C9, an-
other setting of Cot should be tried. As soon as 
the dip has been found, the antenna may be 
connected, and the tuning proeess repeated 
as before. With the antenna connected the 
dip at resonance will not be so pronounced. In 
fact, when the amplifier is loaded properly, 
the dip should be just noticeable — just enough 
to indicate that the output circuit is tuned to 
resonance. The proper loading point may be 
found by adjusting ('to at several fixed settings 
and rotating C9 through its range for each 
setting of Col. As the proper point is ap-
proached, the capacitance of Ci0 should be 
adjusted in smaller steps. In most cases the 
loading will increase as the capacitance set hug 
of Cto is decreased. Near maximum loading, 
the adjustment is fairly critical. With an-
tennas of certain dimensions, it may be neces-
sary to short-circuit a few turns on L1 to obtain 
maximum loading in the 3.5- Mc, band with 
the B & W coil. 

While the best antenna within the limits of 
cost and space should be used, the output cir-
cuit provides means of feeding power into a 

Isr  

.: 
I-

If 
;  

' ' + 
---+-ie-Ht"÷ 2'4- 21i- +- 21"-+-2133"H..  

(5)-4. ir 
. , 

-II- i-

, 

TOÍ' VIEW 

(A) 

SIDE VIEW 

(B) 

END VIEW 

Fig. 130,1 — Sketch showing the important dimensions of the beginner's trans-
mit frr chassis. 'Flic center lines are numbered as follows: 1 — power plug, 2 — 
crystal socket, 3 — oscillator-tube socket, 4 — amplifier-tube socket, 5 — tun-
ing condenser, Co, — coil socket, 7 — coupling condenser, Cm. 

wire of random length; it is not necessary that 
its length be a multiple of a half wavelength. 
Wit h the power supply described, an output. of 
about. 10 watts should be possible at the crys-
tal fundamental; and 5 or 6 watts when the 
output stage is used as a frequency doubler. If 
a milliammeter is connected in series with the 
key, it should show a reading of about 20 ma. 
with the amplifier tuned to resonance and un-
loaded at the crystal fundamental and about 
40 ma. when doubling. Loaded, the plate cur-
rent should run between 70 and SO ma. With a 
power-supply voltage of 350, the oscillator 
plate voltage should be 170, the oscillator 
screen voltage 00 and the amplifier screen volt-
age 220 with the amplifier loaded and tuned to 
resonance. 

41. A Self-Contained 60-watt Transmitter 
for 3 Bands 

The diagram of Fig. 1307 shows the circuit 
of a simple two-stage transmitter. The rig, 
shown in Fig. 1305, is enclosed in a cabinet, 
complete with power supply and antenna 
tuner. 
A MGT Tri-let oscillator drives an 807 

output stage directly with simple capacitive 
coupling. Any one of ten crystals may be 
selected from the front of the panel by the 
crystal switch, Si. A pair of terminals also is 
provided at the rear for VF() connection. 
Bands are changed by means of a system of 
plug-in coils. 
The oscillator circuit operates with either 

3.5- or 7-Mc. crystals. In either case, oscillator 
output may be obtained at the crystal funda-
mental frequency or its second harmonic. 
While the output stage may be used as a fre-
quency doubler with fair efficiency, this sort 
of operation is not recommended unless the 
unit- is to be used as an exciter for a following 
amplifier. 

Parallel plate feed is used in both stages to 
permit mounting the tuning condensers, C2 and 
C3. directly on the metal chassis without in-
sulation. The vhf, choke RFC2 and the screen 
resistor, R7, are necessary to suppress h.f. 
parasitic oscillations. 
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The s.p.d.t. toggle switch, S2, makes it pos-
sible either to key both st ages si nult ttneously 
for break-in work on the lower frequencies, or 
the output stage alone at 14-Mc, frequencies 
where oscillator keying chirp may become 
noticeable. The unit includes a link-coupled 
antenna tuner, L4C4. 
The self-contained power supply is built 

around an inexpensive multiwinding trans-
former, T1. The separate filament transformer, 
Tg, makes it possible to cut off the plate voltage 
without turning off the heaters of the tubes. A 
condenser-input filter is used to boost the out-
put voltage to 600 under load. Voltage for the 
plate of the oscillator and the screen of the 807 
is kept from soaring when the key is open by a 
pair of voltage-regulator tubes. This operat ing 
voltage of 250 is dropped to 150 volts for the 
screen of the 6V6GT by the series resistor, 113. 
The milliammeter may be switched to read 

oscillator plate current and 807 grid or plate 
current by the double-gang switch, S3, which 
connects the meter across the shunting re-
sistors, R4, /?6 and Rs. /?4 and Rg are adjusted 
to multiply the 10-ma. basic meter-scale read-
ing by 10 and 20, making the full-scale reading 
100 and 200 ma. respectively when checking 
plate currents, while the resistance of Re is 
sufficiently high to have negligible effect upon 
the meter reading when measuring the grid 
current of the amplifier. 
Construction— Reference should be made 

to the photographs of Figs. 1305 through 
1310 for constructional details. The transmit-
ter is built on a 10 X 14 X 3-inch chassis 
which fits a standard 9 X 15 X 10.¡-inch 
cabinet. The r.f. section occupies the front 
half of the chassis, while the power-supply 
components are lined up at the rear. 

Fig. 1305 — A two-
stage low-power trans-
mit ter for three hands. 
To either side of the 
milliammeter arc the 
oscillator and amplifier 
plate-tuning controls. 
Along the bottom are 
t he crystal switeh, the 
plate-voltage switch, 
the meter switch, the 
key jack and the an-
tenna t g control. 

All tube and coil sockets are submounted. 
The cathode coil, LI, requires a 4-prong socket; 
octals are needed for the 6V6GT, the oscillator 
plate coil, Lig, the rectifier and the two VR 
tubes; L3 and L4 require 5-prong sockets. 
The oscillator and amplifier groups are sepa-

rated by a small baffle shield cut from sheet 
aluminum. It is 4 inches high and 5 inches long 
and has a cut-out in front for the meter. It is 
spaced 8 inches in from the right-hand end of 
the chassis. The line of ten Millen crystal 

Fig. 1306 — The oscillator section of the low-power 
transmitter, shouing the line of crystal sockets, the 
cathode coil, the shielded plate coil and the 6V6GT. 
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Fie,. 1.107 — Circuit diagram of the 3-liand low-power transmitter. 
ICI, Cs— -a. 
C. — IOO.ppfii. init.:. (see test), 
C2— 50-ppfil. variable ( Nitt ions( ST-50). 
C.— 22-55M. mien (see tevt ). 
Ca, C1— no-" rd. variabi, ( National ST-150). 
Cs, Ca, C2 — 0.0 I -mfd. paper. 
C7, CIO — 0.00 I', I. mica. 
Cn, C12 — 1000-v‘rlt paper. 
Di — 220 ohms, t watt. 
112-47,000 ohms, !. 2 watt. 
Ra — 40,000 ohms, 5 w att.. 
Rs — 100-ma. meter shunt (see text). 

—15,000 ohms, 1 watt. 
Ro — 47 ohms, 1 watt. 
R7 — 47 ohms, 1 watt. 
Rs — 200-ma. meter shunt (see text). 
R9 — 50,000 ohms, 25 watts. 
Rio — 10,000 ohms, 25 w a t ts. 
Li — Oscillator ,•athode 

lA (3.5-Nle. crystals) — 14 turns No. 22 d.e.c., 1-
inch diam.."7:4 inch long. 100.ppfd.• ut, 
connected in parallel. 

1B (7.M e. crystals) — turns No. 22 d.c.c., 1-
inch diam., inch long. 

La— Oscillator plate 
2A (3.5 Al c.) — 80 turns No. 26 d.s.c., 34-inch 

diatn., close-wound, C. connected in parallel. 
211 (7 Mt.) — 40 turns No. 24 d.c.c., diam., 

close-wound. 
2C — ( 14 Mc.) 23 turns No. 18 d.c.c., ¡¡.inch 

diam., 13-á inches long. 

sockets is placed as close to the left-hand 
edge of the chassis as possible. Each of these 
requires two clearance holes and a mounting-
screw hole between. 

Alongside the crystal row are the 6V6GT 
oscillator tube and its cathode coil, LI. fol-
lowed by the plate coil, L2, and the oscillator 
tuning condenser, C2. The latter is mounted 
directly on the chassis -1,34 inches from the 
left-hand edge. The oscillator grid and plate 
chokes are mounted underiwat h. 
On the other side of the bailie shield are the 

807 with its plate-circuit choke and blocking 
condenser, C10, the output tank condenser and 

to 
ant. 

14— Amplifier plate 
3A (3.5 Mc.) — 21 turns 11,4inela (ham., 

inches long ( It JE1,80 with 16 turns re-
moved). :t- turn link. 

3B (7 Mc.) — 18 t Urn , 11 (Ham., 134 inches 
long ( It 8: \N' JE1,4))). 2- turn link. 

3C (14 Mc.) — 12 turns I sham., 2 inches 
long ( 13e: J EI.20). 2- turn link. 

14— Antenna coil 
4A (3.5 Nle.) — 30 turns 1U-inch diam, 2 inches 

long, 3-turn variable link at center (D & W 
J V1,00 with 5 turns removed from each end). 

413 (7 Me.) — 24 turns 234 inches 
long, 3-turn link at center ( 13 .K Vr J V1,40). 

4C (1 I c.) — 11 turns 1 haul., 2% inches 
Ir ng, : 1-turn link at center ( 11 & \V JVL20). 

6-lumry 175-ma. litter choke. 
I — 6.3-volt signal lamp. 

ChÑed-eircuit jack. 
MA - - 0-10 ma. meter. 

— 2.5-,,ult. r. f. choke. 
DleC2 — 11 turns No. 29, .51oduch diam., 34 incl. long. 
Sm — 11-pnint tap switch, ceramic insulation. 
52— S.p.d.t. toggle. 
53 — Double-gang 3-position rotary switch. 
Si — /.9.. toggle. 
Ti — 600 volts each side of center, 200 tna.: 5 volts, 3 

amp. (1:,1*C 
Te - 63 volts. 3 ante. ( uTC S-55). 

Voitage-regulator tubes— VIR-151) and VR-105 
types in series to give 255 volts. 

Coil, C3 and LI and the antenna-coupler coil, 
L4. The antenna tuning condenser, C4, is 
mounted under the chassis. The socket for the 
807 is spaced as far below the chassis level as 
possible, without protruding from the bottom, 
by means of brackets cut from st ri p metal. The 
purpose of this is to provide a shield between 
the input and output sections of the tube. A 
1-inch hole is required to clear the tube en-
velope. C3 is mounted directly on the chassis 
with its shaft 434 inches from the right-hand 
end of the chassis to balance the shaft of the 
oscillator plate-tank condenser. 
The antenna tuning condenser, C4, must be 
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Fie. 1308 — Looking into the amplifier end of the 807-
transmitter chassis. The 807 socket is - paced helm, the 
chassis to provide shielding between the input and out-
put sect'  The coil in the foreground is in the an tetina 
t mr, while the one behind it is the aniplifier plate tank 
coil  

insulated from the chassis. This is I me by 
means of an aluminum angle bracket, an ,1 a pair 
of polystyrene feed-through buttons. The con-
denser is plaeed so that its shaft comes 15A 
inches from the eml of the chassis to balance 
the shaft of the crystal switch at the oppgpsite 
end. The antenna coil is mounted at right 
angles to L3. 
The meter switch, 53, is mounted at the 

center between the front edge of the chassis 
and the bottom part of the 807. The key jaok 
and power switch, Sp, are spaced equally to 
either side of the center of the front edge of the 
chassis. 
The power-supply components are placed as 

close as possible to the mar edge of the chassis, 
with the transformer 7'1 at the left followed 
by the rectifier and voltage-regulator tubes, 
the input condenser, Cu, the filter choke. L5, 
and the output condenser. A large cut-out is 
required for the transformer terminals and if 
filter condensers of the type shown are used, 
holes for the terminals must be provided in 
addition to the mounting-screw holes. The 
leads to the filter choke am fed down through 
a grommet-lined hole next to the choke. The 
key switch, S2, and the antenna terminals are 
mounted in the rear edge of the chassis where 
the power cord also enters. 

Underneath the chassis, the power wiring 
was done first, keeping it bunched and close to 
the chassis wherever possible. The separate 
filament transformer, 7'2, is fastened to the 
left-hand end of the chassis. By-pass condens-
ers and r.f. chokes should be placed close to the 
tube terminals to which they connect. The 
by-pass condensers should be grounded to the 

chassis at the nearest available point. The 
coupling and blocking condensers, C7, Cg and " 
Cio. should be well spaced from the chassis. 
The same applies to all r.f. wiring, which 
slanald also lie kept, short and direct between 
tints of commotion. The length of leads to 
resistors is 'opt important. In some cases it may 
,g• convenient to use fiber lug strips as anchor-
ages or supports for small resistors and r.f. 
ohokes. 
The meter shunts, R. Rç, and Rs, are 

mounted directly on the meter switch. R.1 and 
/?s are made from No. 30 magnet wire. Ap-
proximately 7 feet will be required for Rs and 
14 feet for 114. Before the meter is mounted in 
t he panel, it should be conneoted in series with 
-t t- volt battery and a variable resistance of 
about 500 ohms. A resistor with a slider will 
serve the purpose if no et her is available. 
The resist :met, should be a.ljusted until the 
meter reads full scale. When the shunting 
wire, cut to a length of two or three feet more 
it ti. n t Int t required is connected across tile 
meter terminals, the reading will drop. The 
lengt h of the wire should be adjusted, bit by 
bit . until the reading drops to 1 ma. for 114 and 
to • ma. for /is. The wire then may be wound 
on a small form for compaotness. A !•:?-watt 
resistor of 100 ohms or more makes a good 
form and its resistance does not affect the 
calibration of t lie slut tt t. to any practical degree. 
The link line It iv.•en the out tank circuit 

and the ant enjia tuner, and the connections 
bet ween the tat ter awl the an enna terminals at 
the rear. should be made with rigid wire spaced 
well away from the chassis and surrounding 
Cl) mponents. 
Coils— The output. and antenna tank 

coils, L3 and L4, are of the B & W JEL and 
JVL series respectively. 
Some of these require pruning, as indicated 

in the coil table, to provide the correct. L/C 
ratio. The antenna-tuner coil, L4, requires an 
ext ra, pair of root art s for t he tap leads. Since a 
center-tap is not required, it may be cut free 
from the base pin so t hat this pin may be used 
for one of tlo• tap cold:tuts. The other tap con-
tact is provi.led by drilling out the tubular 
rivet at one of the ends of the coil-supporting 
base strip and substituting a banana plug as 
shown in Fig. 1309. A jack for this plug then is 
mounted in the chassis close to the coil socket 

Fig. 1309 — The antenna coil for the 2-stage transmitter 
requires the midi':  of an t.tra contact which is pro-
vided by the banana plug. o the right is the .i.5-Mc. 
oscillator plate coil with the  ut padding condenser 
connected across the winding. 
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• 
Fig. 1310 — Bottom 
view of the low-oser 
transmit ter, shoo i ng 
the mounting of« the 
807 socket at the up-
per center and the lo-
cation of by-pass con-
densers, resistors and 
r.f. chokes. The sepa-
rate filament trans-
former is fastened to 
the left-hand edge of 
the chassis. The an-
tenna tuning condenser 
is in the upper right-
hand corner. - II pi,orted 
on an aluminum angle 
bracket s* hill is insu-
lated front the chassis 
by polystyrene but-
tons. 

• 

by drilling out a pair of polystyrene button-
type feed-through insulators to fit the jack and 
setting them in the chassis. 
The two cathode coils for L1 are wound on 

Millen 4-prong 1-inch forms. The one to be 
used with 3.5-Mc, crystals requires a 100- pfd. 
mica condenser, ex, connected across it in addi-
tion to This condenser is mounted inside 
the form so that it is connected in the circuit 
along with the coil when the latter is plugged 
in. 
The oscillator plate coils are wound on Mil-

len octal-base shielded plug-in forms. If the 
forms are of the type with iron-core slugs, these 
should be removed. The 3.5-Mc, coil requires 
an extra padding condenser, Cz, of 22 µdd. 
This may be a mica condenser soldered across 
the winding as shown in the photograph of 
Fig. 1309. 
Adjustment — Since the tuning of the 

cathode tank circuit is fixed, only three cir-
cuits, including the antenna circuit, need ad-
justment. The coil table shows which coils 
should be plugged in to obtain output depend-
ing upon the crystal frequency and the output 
frequency desired. For initial testing it is well 
to use a combination giving output in the 
3.5- or 7-Mc. band. Before turning on the power 
supply, a key connected to a plug should be in-
serted in the key jack and the key switch, S2, 
should be thrown to the amplifier-keying side. 
This will permit the oscillator to operate alone. 

COIL TABLE —60-WATT 11IG 

Xtal,f, Output f. Ll L2 14 L 

3.5 Mc. 
3.5 Mc. 
7 Me, 
7 Mc. 

3.3 Mc. 
7 Me. 
7 Me. 
14 Mc. 

IA 
IA 
1B 
1B 

2A 
2B 
2B 
2C 

3A 
313 
313 
3C 

IA 
41t 
tli 
4C 

When 11w puwer plug is inserted, the heaters of 
the tubes should warm up. The Vit tubes 
should glow as soon as the power switch, 84, is 
closed. If they do not, the resistance of R10 
should be reduced until they do. 

With the high voltage applied and the meter 
switched to the first position for oscillator plate 
current, the meter should read between 35 and 
50 ma. As C2 is adjusted, a point will be found 
where the plate current dips to a minimum (be-
tween 10 ma. and 30 ma. depending upon the 
frequency), rising on either side. If L2 has been 
made close to specifications, this resonance 
point should be found with about 60 per cent 
of maximum capacitance in use at C2 for 3500 
kc., 70 per cent for 7000 kc. and 30 per cent for 
14,000 ke. If the plate circuit is tuned to a har-
monic of the crystal frequency, the increase in 
current either side of the minimum should be 
smooth. However, if the plate circuit is tuned 
to the crystal frequency, the plate current may 
jump suddenly to a high value when it is tuned 
to the high-capacitance side of the minimum 
plate-current point. This indicates that the cir-
cuit has stopped oscillating. C2 should be set 
sufficiently to the low-capacitance side of the 
minimum to insure reliable starting of the os-
cillator when the power is switched on or when 
the amplifier is keyed. 
When VFO input is used, the cathode tank 

circuit should be shorted out. Otherwise the 
adjustment is the sanie except that the oscil-
lator plate circuit may be tuned for maximum 
amplifier grid current at the fundamental as 
well as at the harmonic. 
The amplifier should be tuned up first with 

the antenna coil out of its socket. With the me-
ter switched to the second position where it 
reads amplifier grid current, a reading of 3 to 9 
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ma. should be obtained when t he key is closed. 
If no grid-current reading is obtfnned, it is 
probable that the oseillator stopped when the 
key was closed. In this case, the tuning of the 
oscillainr should be readjusted. In this in-
si amt., at least, it has I'ven fountl that best 
keying is obtained \\lien the oscillator plate 
circuit is donned to t he low-capacity side of 
resonanre to a point where the oscillator itlate 
current remains constant wit It the key open 
and tlosed. This refers only to amplifier keying 
when the oscillator plate circuit is t uned to the 
crystal fundamental, of course. Headings of 5 
to. 10 ma, or more should be obi :tined in all 
cases. Th, key should not be held closed for 
periods longer than necessary to obtain the 
refuting, until the amplifier plate circuit is 
tuned to resonance. 
With the meter swittl thrown to the last 

position, where it reads amplifier plate current, 
a reading of 100 ma. or Inure should be ob-
tained. As C3 is turned through its range the 
plate current should dip to a minimum of be-
tween It) and 15 ma. With the /.3 coils altered 
as indicated in the coil table, resonance should 
occur at approximately 90 l'er cent for 3500 
ke., 30 per cent for 7 Mc. and 15 per cent for 
14 Me. 
The antenna sleuth il now be connected to the 

antenna terminals : opt I he ant enna coil plugged 
in. The adjustable link of t he antenna coupler 
should be swung about half-way out and the 
tips shoult1 be placet1 on the outside turns of 

/.4. With t he key closed, C4 should be swung 
hrough its range. At some point the atnplifier 
date current should increase to a maximum, 

Fig. 1311 — Front view of the plug-in coil 
transmitter-exciter. The ervstabsu itch knob 
is at the left. 212 inches in from the end of the 
paoel, the dial for the bare, -. builder tuning 
condeo.er nest, 11/1 followed by 
the meter-.o itch knob. 7 inehf, in from the 
edg.•. I h, iiii•ter is at the renter and the ,,ut. 
.tit tank, omien-er control at the right, 41.: 
inches front the end of the panel. 

decreasing on cil her side. Leaving C4 at the 
point where maximum plate current is ob-
t ainetl, C3 should be reatljusted for a minimum 
point which, of course, will be highto' than the 
unloaded minimum obtained beftwe. The ad-
justments of C3 and C4 should be juggled 
around until a point is reached where any 
change in C3 will cause an increase in plate 
cum nt, while any adjust ment of C.1 will cause 
a decrease in plate currtmt. If the plate current 
at this point is less than the maximum rated 
plate current for the tube, the link coupling 
should be ch'sed up. If it is greater than 100 
ma., the coupling should be reduced. If it is 
found that the link adjustment is insufficient 
to bring the plate current to the desired value, 
the taps should be moved in a turn at a tinte, 
keeping them always equidistant from the 
ends of the coil. It should be remembered that 
t he tap atljustments as well as any change in 
the position of the link may affeet the tuning 
of the amplifier plate circuit, so it should 
be retuned to obtain minimum plate current as 
a final at This minimum should, of 
cfmrse, be the rated plate (anima of 100 ma. 
when the amplifier is fully loaded. The dip in 
plate current at resonance naturally will be 
very slight when the amplifier is operating 
under full loath 

EJ. A 75-Watt Plug- In Coil 
Transmitter-Exciter 

The compact 75-watt transmitter unit 
shown in the photographs of Figs. 1311 and 
1312 consists of three s ages. The cireuit dia-
gram appears in Fig. 1313, A 6V6 Pierce cry's-

Pig. 1312 — pot-
loin view of the 
compact 75-1.att 
transmitter- ex-
citer. The output 
tank -circuit com-
ponents are to the 
left. The elia-4: to 
the ridit h. tit 
lo the aluminum 
sulimmel to idlieh 
the 807 socket. t:i. 
and tito ,t‘d 
sti it eh are •. t 
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Fig. 1313 — Circuit diagram of the 73-watt plug-in-coil transmitter-exciter. 
Ci — 100-mmfd. variable ( Nlillen 22100 i. 
C2 — 250-pmfd. variable (Cardwell .X 
C3, C10, C14 — 0.001-mfd. mica. 
C4, C7, C11 — 100-mpfd. mira. 
C5. Co, C8, C9, C12, C13.— 0.0047•4.fd. mica. 

R3 — 47,000 ohms, 1 watt. 
112, 114, H7,1114 — 0.1 megolun. 1 watt. 
115, lI5 — 15,000 ohms, 2 matta. 
Ito — 330 ohms, 1 watt. 
Rs — 10 • es" multiplier, copper-wire meter shunt 

(see text). 
Hie — 47 ohms, 1 watt. 
Bu — 47 ohms, carbon, noninductive, 1 watt. 
I112— "20 times" meter shunt (see text). 

tal oscillator with a crystal-switching system 
drives a 6L6 buffer-doubler which, in turn, 
drives an 807 in the output stage, which may 
be used either as a straight amplifier or as a 
second frequency doubler. The milliammeter 
may be switched to read buffer-doubler plate 
current, amplifier grid current or amplifier 
plate current. Plate voltage for the oscillator 
and buffer-doubler stages is obtained front a 
250-volt power supply which also provides 
screen voltage for all tubes through individual 
voltage dividers. The output stage requires a 
separate 600- to 750-volt plate supply. 11, Rio 
and 1112 are shunts across which the meter is 
switched. The resistance of Rio is high enough 
to have negligible effect upon the meter read-
ing. 119 and Rr, however, are of lower re-
sistance to give a scale multiplication of 10 itt 
the case of R9 and 20 in the case of Ri2. Since 
the 807 grid current is small, hat tecks form the 
BUM COI1VVIlk ¡it eñc7,C f biasing. 
Construction — Tice transmitter is built 

as a standard Inc k uoit with a 3! -iech pqnel. 
At the left-hand end is a 5 x 10 X-3-inch chas-
sis which houses every tiling except the output 
tank circuit. At the right-hand end of t he 
back edge of the chassis, as shown in Fig. 1312. 
is a vertical row of three Millen crystal sock-
ets. There is space for two additional sockets ir 
they are desired. The crystal sockets are fol-
lowed, from right to left, by the 66 oscillator 
tube, the 6L6 buffer-doubler and its tank coil. 
LI. The coil socket is inounted flush on the 
metal by cutting clearance holes for the 
terminals in the chassis. Between the two 

R13 — 2500 01011:4, 10 watts. 
Li — 3.3 NI - IS mhy. National AR16-40E). 

7 — mhy. .National N1116-20E 
14 NI,. ---- 2 mhy. ( National A1116-101./• 

1.02— 3.5 Nle.— 12 pity. ( B 
7 rile . — 4 phy. ji & 1E1.20). 
11 Mr. — 3 phy. cli & W JE1,17.). 

28 Me. --- 0.3 pht. (II (,Se N1 .IE1.10 pruned to 4 
turns to tune to hand). 

J—Cmwentric-,abie conneetor. 
NIA —  NI Mime tttttttttt 0-10 creak. 
11FCI 2.5.teth_ r. f. choke. 
RFC2 — 11 turns No. 20, ,,, diam., :Y1 inch long. 

tube sockets is an Amphenol cable connector 
for VTO input and t he power cable enters the 
chassis at the leil-lutad end. A separate well-
insulated wire is brought out for the plate 
voltage for the 507. 
The upper half of the 807 protrudes from the 

left-hand end of the chassis in Fig. 1312. Its 
socket is mounted on metal angle pieces 
fastened to the back of the chasis and the 
aluminum subpanel which part it ions t he 
chassis. By-pass comlensers, resistors and t-. f. 

I. 1311 — .\ povsf-r-suppl unit 111.1iN vring 
..22,0 or 300 i-oits vx1.01•r Iv -lipid ., and 75 volts of 
ixed .1,•-irvd., the ' ,mu,' , rir Ice combine(' 
for a 111211-,(Iitd,..• plate ›upply nil a -. Mule chassis. The 
ircuit diagram cci the c,liccicnccncicccl, unit is slio%ti in Fig. 
1315. 
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chokes am mounted close to the sockets of the 
tubes with which they are associated and this 
wiring is done before inserting the sul)panel. 
The subpanel carries the crystal switch, the 
buffer-doubler tank condenser, CI, the plate 
choke for the 6L6 and one of the two angle 
pieces supporting the 507 socket. The milliam-
meter and the meter switch are mounted on 
the front panel with clearance holes cut in the 
front edge of the chassis. Flexible shaft cou-
plings connect the crystal switch and the bu ffer-
doubler tuning condenser with their control 
knobs. The back of the left-hand end of the 
panel ( Fig. 1312) is covered with a sheet of 
aluminum and the output tank condenser is 
mounted directly on this. An aluminum 
bracket, fastened to the panel at one end and 
to the- rear of the condenser at the other, sup-
ports the socket for the tank coil, L2, and the 
link output terminals. The plate r.f. choke and 
blocking condenser, C14, are just below the 807 
in Fig. 1312. 

Fig. 13lb — Circuit of the poner sup-
ply in Fig. 1317. 
Ci — 1000..%olt paper (Sprague 

(1721). 
Ca — 1-51(1. 1000- volt paper (Sprague 

OTtl). 
R — 20,000 ohm, 7,0 ai i. 
Li — input choke, 6- 19 by., 300 ma., 

125 olims ( k en> on T-510). 
L2—Smoothing choke, 11 hy., 30(1 

125 cline. K ciii on T.166). 
Ti — 925 or 740 volts rm.'. each side 

of center- tap. 300-ma. d.c. 
(Kenyon 7%656). 

Tz — 2.5 volis. 10 amp., 2000-volt in-
si I la tiOn (Kenyon T-352 ). 

T3 6.3- volt 3-ampere filament trans-
former. 

V — Type 866 jr. rectifier. 

 o 

Fie. 1:115 — Circuit diagram of the 
combination plate, screen and grid.' 
bias power supply in Fig. 1314. 

C1, Ca — Sections of 8-5M. 450-
volt dual electrolytic. 

Ca — 11-5fd. 450.volt paper. 
C4 — Saute as C3 (I1Sed only for 

300-volt output). 
— 20.000 ohms, 10 malts. 

— 22,000 ohms, 2 %taus. 
— 15,000 ohms, 2 watts. 

LI, La — 6-}ly. 80-ma. 138-ohni 
filter choke (Thordarson 
T-57C51). 

T-300 volts r.m.s. each side of 
center.tap, 90 ma.; 5 volts, 
3 amp.; 6.3 volts, 3.5 amp. 
(Thordarson T.131113). 

1f desired, the bias branch may 
be omit ted, as shown in the alter-
native diagrain at B. All values re-
main as above. 

• 

The meter-shunting resistors, R9 and ili2, 

are wound with No. 30 copper wire, around a 
small-diameter form. The proper length of 
wire may be determined by adjusting a varia-
ble resit anre in suries with 1.5 or 3 volts of 
battery until it reads full scale and then 
shunting various lengths of the No. 30 wire 
across the meter terminals until the meter-
reading drops to one-tenth in the ease of the 
10-times shunt and to one-twentieth of full-
scale rea,ling for the 20-times shunt, remem-
bering that the shorter the shunting wire, the 
lower the muter will read when shunted. 
The adjustment of the transmitter is simply 

a matter of plugging in the proper coils and 
crystal for the desired output frequency and 
tuning the two tank circuits to resonance. In 
Sottie instances, it may be possible to find two 
points of resonance, one at the fundamental 
aml u mt. at the second harmonic, but these can 
be identified by noting whether the condenser 
is near maximum or minimum capacitance. 



With a 250-volt supply, the combined plate 
and screen current of tlw 61,6 should be about 
20 ma. when working as a straight amplifier 
and 30 ma, when operating as a doubler. The 
maximum plate current of the unloaded 807 
will vary between 50 and 60 ma. when the tube 
is doubling frequency and between 10 and 15 
ma. when working as a straight amplifier. 
When the stage is operated at 750 volts, and 
loaded to a plate current of 100 ma., the grid 
current. should run at least. 3 ma. as a straight 
amplifier or 6 ma, as a doubler. 
The supply shown in Figs. 1314 and 1315 

will provide 250 volts for the first two stages 
and bias for the grid of the 807. The 750-volt 
supply shown in Figs. 1316 and 1317 may be 
used for the output stage. 

(1. A Combination Low-Voltage Plate or 
Screen Supply and Fixed-Bias Pack 

Figs. 1314 and 1315 illustrate a combination 
pack which will deliver 250 or 300 volts, 75 
ma., for supplying plate voltage for receiving-
tube exciter stages as well as screen and fixed-
bias voltage for a beam-tube driver stage. 
The circuit diagram is shown in Fig. 1315-A. 

In addition to the usual full-wave rectifier cir-
cuit employing a Type 80 tube, a IV half-wave 
rectifier also is connected across one half of the 
transfe,rmer sQcoodnry in reverse direction to 
provide a negative Wasing voltage which 
is held constant at 75 volts by the V11-75 -30 

Fig. 1318— A rack-mounting an-
tenna littler for .ow - power transmit-
ters. CI is iii ti i.  .... oho-. isith (:2 and 
c3 on either id,', \ Ituf lite ,.„,„,„,n. 
ents are tttttt anted lit-telly on the 
5k-inch panel. 1 he variable con-
densers are mounted on the assembly 
rods on National t GS-I insulat-
ing pillars which are fastened to the 
condenser end plates with machine 
screws from which the heads have 
been removed. Small Isolantite shaft 
couplings are used to insulate t he con-
trols. Clips with fle‘ibl,• b•ads are 
pro% filed for ti o• Cone 

delSor, el,si, I ha I II, I ioliS may be 
conneeted either in parallel or in 

series to form either a high- or low. 
capacitance tank circuit as required. 
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F j9. 1317 — This power-supply unit delivers 
either 620 or 780 volts at full-load current of 
260 ma. with 0.4- per-eent ripple and regulation 
of 22 per rent. Yoltage is changed by a tap 
on the plate- transformer primary winding. 
The filter chokes are at the left and the plate 
power transformer at the right on the imnel 
-ii,' of the chassis. The can-t% pe 1000-volt 
tiller condensers arc at the left in front and 
he rectifier tubes at the right, milli the recti-

li ,r. filament transformer in between. All ex-
i.o-ed common rit ti  • ais are  lerneath 
Ilie chassis. The panel is 8:s.¡ X 10 X 3 inches. 
The 2.5-s oit 10-ampere rectifier filanient 
transformer should have 10,000-volt 

.‘ 6.3-yolt filament transformer is in-
iolcd for heating the filaments of r.f. tubes. 

This transfornier is mounted underneath the 
chassis; its output ter ttt i t tab. are brought out 
to a standard a.c. receptacle in the rear. ' Ilse 
circuit diagram is shown in Fig. 1316. 

regulator tube. With the dropping resistor 
shown, the regulator tube will Imss a grid cur-
rent. of 25 ma. without overload. The 1V recti-
fier is indirectly heated, so that it may be 
operated from the same 6.3-volt winding pro-
vided to supply the r.f. tubes in the trans-
mitter. 
The output voltage at a normal load cur-

rent of about 75 ma. can be increased from 250 
to about 300 by the addition of an input filter 
condenser, Ci, the connections for which are 
shown by dotted lines. 

If the bias section is not needed, plate or 
screen voltage may be obtained with the sim-
plified circuit shown in Fig. 1315-B, eliminat-
ing the bias section. 

tr, A Low-Power Antenna Tuner for 
Rack Mounting 

In the rack-mounted low-power antenna 
tuner shown in Fig. 1318, separate series and 
parallel condensers are used. This arrange-
ment, while requiring three variable condens-
ers, has the advantage that no switching is 
necessary when changing over from series to 
parallel tuning. It also makes possible the use 
of the tuner to cover a considerably wider 
range of antenna and transmission-line con-
ditions, because the series condensers can be 
adjusted in conjunction with the parallel 
CAndenser to allealeu eta electrical length of 
the feeders whenever this is required to make 
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Fie. 1319 -- Circuit of the rack. 
mounting antenna tuner for use is ith 
transmitters having linal amplifier-
which are operated at less than 1000 
volts on the plate. 

All coils are 17:, inches in diameter 
and 2!,.¡, invites long, is ith the variable 
link located at the center. l'or series 
tuning, use the coil speiilied for the 
next-higher frequency band, which 
will he approximately correct. 

Feeders 

4irtk input 

CI — 100 pad. per -eetion,11.015-itich spacing (National 
TNI k:100.1)) for high voltages: rereiving type 
for low voltages ( I lainnearlund MC P- look 

C2., C3 - 250 0.026-ineli spacing National 
S-23()t for high voltagi:•: reeeis ing type for 

low voltages fflammarlund ( 1-2.-M). 
L — B 1.-:erie.: coil:. .‘ ppcn•iinate dintem.ions 

for parallel inning for ea- It band are as follows: 
3.5-111e. band — 10 20, 
7-N1c. band — 21 ru r. It,. 
1-1-N1c. band — 1-1 turn: No. 16. 
21.3.1c. band— 8 turn: .No. 16. 

parallel tuning effective. In addition, the series 
condensers also are useful in tinat they provide a 
measure of control oyur the ainplitier loading 
when parallel tuning is used. 

Clips with flexible h- al-- t ched are provided 
for the parallel condenser, CI. so that, the sec-
titins may be connected either in parallel or in 
series to form either a high- or low-capacity 
tank circuit, as required. When the high-C 
parallel tank is desired, the two stators are 
clipped together, as shown by the dotted lines in 
the circuit diagram of Fig. 1319. and the rotor 
is connected to the opposite feeder. When the 
two sections are connected in series, for low-C 
operation, the break-down voltage is increased. 

Below the circuit diagram, Fig. 131th two 
sets of variable contlensers are suggested. 
smaller receiving-type condensers with 0.03-
inch air gap should be satisfactory for low-
power transmitters operating tit plate ptiten-
tials of 400 to -150 volts, while larger condens-
ers with 0.015-inch spacing will be required for 

transmitters using plate voltages up to about 
750 or 1000. 

E A Three-Stage 100-Watt Transmitter 
for Five Bands 

The three-stage transmitter shown in Figs. 
1320, 1322 and 1323 is designed to use a single 
1000-volt 100-Ina. tube such as the 1623, 
809, 111'40, or higher-voltage tubes at reduced 
ratings, in the out put stage. 

Referring to the circuit diagram of Fig. 
1321, a 6L6, operating at a plate voltage of 
400 but at reduced input, is used in the Tri-
t,et oscillator circuit. A potentiometer in the 
screen circuit provides a means of varying the 
screen voltage and. ultimately, the excitation 
to the final amplifier. The 2E25 buffer-doubler 
circuit is capacitively-coupled to the oscillator. 
This second stage makes it possible to obtain 
excit at fin the final amplifier in a third band 
from a single crystal. operation in the second 
band being available by doubling frequency in 
the oscillat or itself. Parallel plate feed is used 
in the second stage to permit series grid feed to 
the final amplifier, thereby avoiiling the proba-
bilit v of low-frequency parasitic oscillations. 

Tile neutralized final amplifier is directly 
coupled to the driver stage. C8 and L5 form a 
trap for v.h.f. P arasitic oscillations. 
The meter switch, S, shifts the nulhammeter 

to read oscillator cathode current, driver 
screen current, driver cathode current, final-
amplifier grid current and final-amplifier cath-
ode rurrent. The individual filament trans-
forniers permit independent metering of the 
cathode currents of the last two stages. 

Pourer so — This transmitter is de-
signed to operate from the combination 1000-
volt and 400-volt plate supply shown in Figs 
1324 and 1325. Both fixed bias of 75 volts for 
t he 2E25 and cut-off bias for the final amplifier 
may be obtained from the unit ShOWn in Figs. 
13:it') and 1327. For ti e 1623 tube, resistors 11'2 

Fig. 1320 — On top of the 
clia:sis of the 1110-watt 
tramtnitter, the cathode 
coil. Li, the 61,6 and the 
crs stal are in line at the 
rig.litdiand coil. The 2E23 
is lllllll Hied horit.iintally 
on a - Mall parldi 

al:o Pr'' % ides mounting 
:pace for the filament and 
:ereen bypassconilensers, 
Iltimouplingemidenser,C;, 
the grid leak. nr,, and the 
grid choke. L2 iS illSt to the 
left of the 61.6 and to the 
right of C2 underneath. La 
is in the comet at right an-
gles to 1.2 and L4 and just 
to the rear of Ca  ler-
neath. 'Ile 1623 socket is 
sulimounted to lower the 
plate terminal. The neu-
tralizing condenser, CS, is 
directly in front of the 
tube. RFC2 is just to the 
left of L4. The two fila-
ment transformers are 
mounted on the rear edge. 
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Fig. 1321 — Wiring diagram of the tlircc-stagcfivc-
Ci — 10(t.psfd. mica. 

C2 — 15I)-µm fd. variable (National er-iso). 
— 109 ppfnl. tier sect inm, 0.05-inch spacing (lIammar-

lund II I'l) D- 100-C). 
CO. Cs — 0.001 -µ fd. mica. 
C7 — 100-pp1d. mica. 
Cs — 6-60-ppfd.  • 'a trimmer (two National M-30s in 

parallel). 
Co — Neutralizing condensers ( National NC-800). 
Cis — 0.001-pfd. 5000-volt mica. 
Qt. Cm, C13, C14, CIS, C16, C17, C18, CID, C20 — 0.01-pfd. 

paper. 
Ri — 0.1 mcgi dun, !;'≥ watt. 
Ra — 330 ohms, 1 watt. 
113 — 20.000-ohm 10-watt potentiometer (Mallory 

11.:20N11'). 
Its — 25,000 ohms, 10 watts. 
It3 — 17,000 ohms, 1 watt. 
Rs — 20,000 ohms, 10 watts. 
117 — 10,000 ohms, 10 watts. 
Rs, Rs, Rio. 1111, 1112 — 22 ohm., 1 watt. 
14 — 1.75-Me. crystals— 32 turns No. 24 d.s.c., close-

wound. 
3.5- NI e. crystals — 9 turns No. 22, I inch long; 
100 -upfd. mica in coil form, connected across 
winding. 

7- Mc. crystals — 6 turns No. 22, ,f; inch long. 
All on Hamming I 1!,2-inelt dia tn. forms. 

Lg., L3-- 1.75-Mc. - 56 turo ,, 1?.(4.-inch diattlut Pui 
inches lung, 54 ph. (National A880, no link). 

and R3 should be 6000 ohms and 7000 ohms, 
respectively. 
Tuning — Coils for the desired output fre-

quency, consistent with the crystal frequency, 
should be plugged in the various stages, bear-
ing in mind that frequency may be doubled in 
the plate circuit of the oscillator and again in 
the second stage, if desired. It should also 
be remembered that the selection of the 
cathode coil, LI, depends upon the crystal fre-
quency and not necessarily the output fre-
quency of the oscillator, the same cathode coil 
being used for both fundamental and second-
harmonic output from the crystal stage. Since 
much better efficiencies can be obtained with 
the 2E25 operating as a straight amplifier, it 

tand 100-watt transmit ter for 1000-volt operation. 

3.5 Me. — 28 turns, 1 '4-itich (Bain., I I ignites 
long, 15 ph. ( National AR 10, no link). 

7 Me. — tuncos, diain.. 1% inches long, 
.1.2 ph. (:\ ational A 1120k no li nk. 

14 Me. — 8 turns, 114-inch diam., 1 q inches 
long, 1.25 ph. ( National ARIO, no link). 

28 Me. — 4 turns, I -inch ¡ haul., 1'.¡*situult long, 
0.5-ph. (National Alt5, turns cluee„ no link). 

LI- 1.75 Mc. — 40 turns, Nui. 18, 21 2-111(1 diam., 214 
inches bug, 78 ph. ( II BC I.1(r0). An 80-
pad. fixed air leadder ( Cardwell ID-80-0S) is 
placed in right-rear corner of chassis and at-
tached to coil vuith flexible leads and clips. 

3.5 Mc. — 32 turns No. 16, 2 ! a-inch diain. 2% 
inches long, 39 ph. (8 & W 18;1,80). 

7 M e. — 20 turns No. 1.1, 2-inch diam., 2 !4 inches 
long, 12 ph. (13 & W ISCL40). 

14 Mr. — 8 turns No. 14, 2.inelt dia m., 2 incites 
long, 2.5-ph. W BCL20). One turn re-
 ed from each end. 

28 Me. — 4 turns NO. 12, 2-inch diam., 1:1u( inches 
long, t1.7 ph. (13 & W 1.3 CL 10). One turn removed 
from each crud. 

Ls— 5 turns No. H. donor., .1(2 inch long. 
MA — 0-200 nie. meter. 
lifC1 — 2.5-0111, r.f. choke. 
81'02 — 1-mh. 300-ma. r.f. choke ( National II-300U). 
S — Double-gang 5-circuit sm itch (Mallory 322W ). 

— n a men t transformer, 6.3 volt, 3 amp. 
tUs C 

is advisable to avoid doubling in this stage. 
The first two stages should be tested first, 

with all voltages applied except the plate 
voltage for the final amplifier. Tuning the 
oscillator to resonance, with the key closed, 
should cause a slight. dip in cathode current 
aceompanied by an abrupt rise in the screen 
and cathode current of the second stage. 
Tuning the 2E25 plate circuit to resonance 
should produce a gooel ( lip in cathode current. 
with a simultaneous reading of maximum grid 
current. to the final am)lifier. 
The amplifier shottlel then be neutralized 

and tested for parasitic oscillation. The latter 
is done by shifting the final-amplifier plate-
voltage lead to the .1.00-volt tap and turning 
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off the bias supply. No plate voltage should 
be applied to the exciter stages. e4 is then 
varied through its (attire range for several 
settings of C3. If at any point a change in the 
final-amplifier cathode current is observed, Cs 
should be adjusted to eliminate it. During this 
process, plate voltage should not be applied 
long enough to cause appreciable heating of 
the tube. 
Normal operating voltages may now be re-

placed and the final amplifier tuned up in the 
usual mannner. A plate current of 100 ma, will 
indicate normal loading of the final amplifier. 
(Plate current will be the difference between 
grid and cathode currents under operating con-
(litions.) With all stages tuned and the ampli-
fier loaded normally, the oscillator cathode 
current should run between 16 and 30 ma., 
2E25 screen current bet (even 6 and 11 ma., 
2E25 cathode current het %%lien 45 and 70 ma., 
2E25 grid voltage between 125 and 260 volts, 
•oscillator screen voltage bet ween 100 and 250 
volts, and 2E25 screen voltage between 210 
and 250 volts, exact values depending upon 
whether the stage is operating at the fundar 
mental or doubling frequency. Excitation 
should be adjusted to keep I he amplifier grid 
current between 20 and 25 nia., when the grid 

Fig. 1323 — Underneath 
the it x 17 X 3-inch chas-
sis c f the 100-watt tr.co--
mitter. C2 to the right and 
C.3 in the center arc 111,1-
lated front the clia--i-
po4 styrene button insu-
lators. 14 to the left also is 
insulated and is spared 
front the eltassis to bring 
all shafts at the same 
level. lead- to the coil- iiii-
mediatel> alto% e the tank 
condenser- pass through 
large groin Inc tecl clearance 
holes. Aleter-shunt resist-
ances are soldered direr 
to the st, itch terminal-. 
et at the right is in-olated 
from the I, .•\ - 
truded 

'1'he vhf. parasitic trait suspended in in the amplifier 
grid lead to the left of 
Insulating couplings are 
required for C2 and Cs. 

• 

Fig. 1322 — All controls for the 100-
au Ike-hand transmitter are helow 

the chas-i, le% el. l'rom left to right, 
they are the o-r hair ,Creen.VOltage 
pOte11111,11111`t,.. the fr•Villator plate. 
tank c oric r. I ict• buffer-siculder 

pi:etc-1.1,1k emilig the iiielcr itch 
and t lie final-amplifier plate- tank 
eon. '14 panel is of standard 
rack s, jul th and is 8% inches high. 

• 

voltage should measure 130 to 150 volts. 
Power output of 65 to 75 watts should bd ob-
tainable on all bands. The oscillator circuit 
may be arranged for optional VFO input by 
short-circuiting the cathode circuit. 

1f the output stage is to be plate-modulated, 
the plate voltage should be reduced to 750. 
Operating data for suitable tubes of other 
types will be found in the tables in Chapter 
Twenty. 
A suitable antenna tuner i, the one shown 

in Fig. 1318. The larger variable condensers 
should be used. 

11 A Simple Combination Bias Supply 

1. 1326 shows iii vircuit diagram of the 
simpli• transformerless bias unit, pictured in 
Fig. 1327. which may be used to supply cut-off 
bias voltages up to 100 volts or so. Through 
grid-leak action it will also proville the addi-
tional operating bias voltage required, if the 
resistor values are correctly proportioned. The 
circuit also includes a seconil branch, consist-
ing of /1' and a VE-75-30 voltage-regulator 
tube. supplying regulated voltage. This branch 
may not be required in all cases, but will be 
found convenient in many applications for pro-
viding fixed cut-off or protective bias for a 
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115V A.C. 

Fig. 1324 — Circuit diagram of the  binaiion 10110. 
and 400-volt supply for the 100 .wa ( 1 transmitter. 

C2 — 10m-volt paper T\ 80:; • 
e3 — 4-µf11. 600,11)111 CleetrOlylie (C- I) 601 
C4 — 600.volt electrolytic (C-1.) 601i). 
Hi — 20.000 ohms, 75 watts. 
1112 — 20,000 obtus, 25 watts. 
Li. L3 — 5/20-11V. swinging choke, 150 ma. (Thordar-

son T-19C39). 
1.2, Li — 12-11v. smoothing choke, 150 ma. (Thorilar-

son T;19C46). 
Ti — High-voltage transformer, 1075 and 7,1)11 4g 

r.m.s. each side, 125- and 150-ina. - imultaneous 
current rating (Thordarson 

T2— 2.5 volts, 5 amp. (Thordarson T-101.88). 
'Is ' 5 volts, -1 amp. (Thordarson T-titir 99). 

low-power stage independent of the main out-
put voltage. 
Adjustment —  The voltage-divider resist-

ances, 112 and R3, are combined in a single 
resistor with two sliding taps. One of these taps 
alters the total resistance by short-circuiting a 
portion of the resistance at the negative end, 
while the other adjusts the cut-off voltage. 
The method of determining the values of re-
sistance in each section is as follows: 
The bias section, R2, is adjusted to equal the 

recommended grid-leak resistance for the tube 
or tubes in use. The value of resistance between 

Fig. 1325 — This power 
supply makes use of eons-
bination tran-feriner.• and 
a dual filter s. - tem. delis - 
crins 101.111%id t-
.inil.100 ;,t I :,( 1 ma . 
or 400 voIt,• aod 7.-,0 % ohs 
simulta neon , Icocnd og 
itsioil the trin-i,ainer -e-
lected. ,ircuit diagram 
is given in I' g. 1321. The 
1000-volt bleeder resistor 
is  ted Init the rear 
edge of the chassis, midi a 
protective guard made of 
a piece of galvanized fenc-
ing material to pros hid 
ventilation. Millen safety 
terminals are used for the 
two high-voltage ter ggg i R 
Ceramic sockets sl Id be 
used for the 86(i jr- The 
chassis measures 8 X 17 
X 3 inches and the stand-
ard rack panel is 8% 
inches high. 

the biasing tap and the short-
circuiting tal) is determined by 
the following formula: 

160 —  
R3 — E' X R2, 

E. 

where Ec., is the voltage required for plate-
current cut-off. This value may be determined 
to a close approximation for triodes by dividing 
. tlw plate voltage by the amplification factor of 
the tube. No supplementary grid-leak bias 
should be used in the stage being supplied by 
the pack. 
The resistance in each section should be first 

set at the values determined by the formula. 
The biased amplifier should then be turned on, 
without excitation. If the plate current is not 
almost completely cut off, or at least, reduced 
to a safe value, the biasing tap should be moved 
Up ward ( in the negative dire('tion). With the 
amplifier in operation and drawing rated grid 
current, the biasing voltage should be meas-

Fig. 1326 — Circuit diagram of the transformerless bias 
supply with voltage-regulated output, shown in Fig. 
1327. 

Cr. C2 — 16-41M. 450-Volt electrolytic. 
C3 — 0.01 .41fd. paper. 
R — 7500 ( din's, 10 watts. 
+ — 15,000-011M 50-watt wire-wound resistor 

with two sliders. 
See text for details of adjustment asid operation. 

L — 60-ma. replacement filter choke. 
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Fig. 1327 — it tran,fiwin,-1.-- mly 
suitable for suppl> lug bia- r requiring 125 
volts or less for eut-off. second brand,, controlled by a 
V12-75-30 regulator tube, Kin ilk,  TT, , 11- 5.I ii.14 
for a second stage who, grid current ' b.,- met u' ri', I 20 
ma. The 't above is constructed oil a elms. 
sis, although the components may lie lit trd into 
any spare space on another pie er-suppl> The 
regulated V R-tube branch ma> Iii• omitted if not re-
quired. The circuit diagram is shout' in Fig. 1326. 

ured, using a high-resistance voltmeter. If the 
grid voltage is higher than that recommended 
in the tube operating tables, built the biasing 
tap and the short-circuiting tap on the up-
per section should be moved, bit by bit, to-
ward the positive end until the correct operat-
ing bias is obtained. The bias voltage should 
then be measured again. A final adjustment 
may be necessary to again arrive at eut-off 
voltage without excitation. 

Fig. 1327 shows the components assembled 
separately on a small chassis. They may, how-

ever, be combined with plate-supply compo-
nents on a single chassis, since little additional 
space will be niquired. 

It will be noticed in the circuit diagram that 
a polarized plug is used in the line and that the 
only conneetion lulu-twit the circuit and the 
chassis is through the condenser, Cs. This is to 
prevent short-circuiting the power line, should 
an ordinary plug be used and be inserted in-
correctly in the socket. The polarized plug 
should he eonmucted so t hat the grounded side 
of the power line is connected to the positive 
side of the bias supply. 

A Four-Band 125-Watt Transmitter 

Figs. 132S and 1330 show two views of a 
simple 125-walt -1-band transmitter. As the 
circuit iliagram of Fig. 1329 shows, it consists 
of an 11E-11)32 beam t et rode with a two-stage 
driver usjng 7C5 receiving-type tithes. 3.5- Mc. 
crystals may be used for 3.5-, 7- and 1.1- Mc. 
work, or 7- Mc. crystals for 7-, I ami 28- Me. 
operation. When tliu. out put stage is operated 
at the crystal fundamental frequency, the 
doubler tube and (lid are removed from their 
sun ets : mil a jumper eonnerting the grid and 
plate terininak is inserted in the tube soeket. 
To obtain the require(' itt the output tank 
circuit, the coil is tapped. rather than use the 
large tank capavitance which would otherwise 
be tiecessary. 

Series plate feed is used in all stages. Screen 
voltage for t 7( .5s is taken from individual 
voltage dividers, while a series resistor is used 
in the output stage so 1 lint it lian he plate-
screen modulated if ulysired. The oseillator is 
keyed when the doubler stage is not in the 
cii:ruit, otherwise the doubler is keyed. If 
riscillalor keying on all hands is desired, the 

• 

Fig. 1328 — 
12:i-watt transmit-
ter for 3.5 m 31) 

erystal 
s‘s itch is to the 
left and the tueur 
sin itch to the 
left of the meter. 
The cry stals are 

pli•giell iii ii, the 

lu o Pèlw. e:ockets 

to the lilt in pairs. 

• 
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7C5 7C 5 RK-4032 

t=. 0 
 0 

ANT. TUNING 

6.3 V. -FtV, • 300V. -90V. +60014 
AC. +BIAS 

Fig. .1329 — Circuit diagram of the 125-watt 1-band transmitter. 

CI — 1-10-gad. receiving-type variable (II annnarlund 
MC-110S). 

Ca, Ca, C4 — 0.002.0fil Mira. 
C/5, 100.pmfd. receiving-type variable (Ilaanniar-

lusul SIC- 100S). 
Ca, C11 — 100.pgra. inivil. 
C7, Co — 0.004fd. mica. 
Cs — 500-pmfd. mica. 
C12, C14 — 0.001 1. 1200-volt  a. 
C13 — 100-551d. 1500-volt variable (National 'FMK-

100). 
111— 0.1 megolun, l-watt composition. 
112— 680 oluus, 1-wa t t composition. 
Rs, Rs. Its. 1110 — 68 ohms, at t composition. 
R4 — 1.7,000 1/111111.4. 1.-\, al I romp, i.,n. (See test.) 
Rs— 10,000 ohms, 1-‘, at t comp tsi don. 
117 — 470 ohms. 1-wat t compost 11,111. 
Ro — 2200 MIMS. 1.s, an composition. 

. . d. Rit — 27»,01111 oh at t i re-, min 
Ria 12.500 01110S, att usire-vtotind (two 10-watt 

25,0(I0-ohm resistors in ilarallei)• 
1113 — See text. 
1114 — 22,000 oluns, 1-watt composition. 

Li — For 3.5- Sic. crystals — 16 turns No. 22 d.s.e. 
wire. 1-inch diameter. 7,, inell bug. 

For 7-Me. crystals — 12 turns Nu. 22 d.b.e. will.', 
1-inch diameter, 1 inch long. 

47,000-ohm grid-leak resistor, R4, S110111(1 he 
replaced with a 33,000-iii n unit. and a 45-vid t. 
battery connected in series between the lower 
end of R5 and the keying jack, 'Fite milliam-
meter, 31.4, lets a scale of 0-200 Irta, and can 
be switched to read oscillator current. doubler 
current or amplifier grid or plate current. The 
shunt R13 is Wollnd with No. 30 copper wire, 
using a ..k>-watt. OS-oh ni resist( ,r a,s a form. 
The length of the wire used in the shunt is 
adjusted to give a meter-scale multiplication 
of two so that the full-scale reading becomes 
400 ma. when the meter is switched in this 
position. 

La — 3.5 Mc. — 10 turns No. 22 d.s.c., 1-inelt diameter, 
close-wound. 

7 Mc. — 18 turns No. 20 enam., 1-inch diameter, 
114 inches long. 

14 Me. — 10 turns No. 20 cnam., 1-inch diameter, 
3. inch long. 

L3 — 7 Mr., 14 Mr. — Saine as La, 
28 Mc. — 4 turns No. 20 enam., 1-inch diameter, 

14 inch long. 
L4 - 3.5 Mc. — 21 turns 2 inches diameter, 1)4., inches 

long (21 turns reinroed from B & W BEL-80), 
tapped art ó turns from plate end. 

7 Mr. — 12 turns 2 inches diameter, 114 inches 
long ( 10 turns removed from B W BEL-40), 
tapped at 3 turns from plate end. 

14 Mc. — it turns 2 invites diameter, 2 inches long 
(D & BEL-20), tapped at 2 turns from plate 
end. 

28 Mc. — 3 turns 2 inches diameter, 1 inch long 
(E3 & W BEL-10), no tap. 

ji, la — Clused-eircuit jack. 
M -- 0-200 d.c. milliammeter. 

RFC, It ECA, RFCs — 2.5-mh. r.f. choke 
(ilammarlund 

111,Cr, r.f. choke ( National R-300). 
St — Single-circuit ,1- position ceramic rotary switch. 

Two-cwcuit 5-gmbitIon ceraruie retery switch. 

The unit, is built, on a 7 X 7 X 3-inch chassis. 
Two octal sockets are mounted at the left-hand 
end of the chassis to serve as mountings 
for four crystals. The crystal switch, Si, is 
mounted underneath centrally between the 
two sockets. The sockets for LI, 1.2 and L3 
are lined up along the front edge, while their 
respective tuning condensers are placed to the 
rear underneath. They are insulated front the 
chassis by means of small feed-through in-
sulators and the shafts are fitted with insulat-
ing couplings. The two tube sockets are just to 
the rear of the condensers. A refinement which 
is not strictly necessary at the frequencies at 
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which this transmitter operates is the copper-
sheet ground plate which surrounds the 7(5 
sockets and to which all r.f. ground conneet ions 
are made. 
The sockets for the 41)32 and the output 

tank circuit are to the right.. with the coil 
socket mounted on top of the condenser. In 
mounting the coil, the top plate of the tank 
condenser is replaced by a strip of alumintun 
bent up at one end to form a ".I." One of the 
outside coil jacks passes through a hole in the 
end of the " J," while a small X 
cone insulator is used to support the " hot" 
end of the coil jack bar. The t ube socket is 
spaced VI inch below the chassis to provide 
clearance for the screws which fasten the tube 
shield to the chassis. This shield is a 2-inch 
coil shield cut down so that it. comes up 1!¡ 
inches from the chassis. C13 is insulated from 
the chassis by mounting it on small feed-
through insulators. Care should be used in 
selecting a well-insulated dial and coupling for 
this condenser since the shaft carries the full 
high voltage. 
The driver coils are wound on Millen 1-inch 

diameter forms. The standard BEL-series 
B & W coils used in the output stage must be 
altered slightly to provide for the tap. A fifth 
plug is added at the empty center hole. The 
link connection, normally near the plate end 
of the coil, is shifted to this renter plug, while 
the tap is connected to the plug normally con-
nected to the link. 
The power supply shown in Fig. 1315 will 

provide plate voltage for the 7C5s and biasing 
voltage for the 41)32 if a VR-90 is substituted 
for the Vit-75. The high-voltage supply shown 
in Fig. 1317 is suitable for the final stage. 
The plate current to the crystal oscillator 

should run around 20 ma. and the doubler 
plate current about 40 ma. Grid current to t he 
doubler should be about 2 ma. and to the final 
at least 6 ma. under load. 

(1, A 100-Watt Output Bandswitching 
Transmitter or Exciter 

The transmitter pictured in Figs. 1331, 
1333 and 1344 incorporates bandswitching 

Fig. 1330 — Bot-
tom ci, 1. of I lie 
.11132 transmitter. 
A terminal strip 
set ite the back edge 
ofthe pro-
ided for power. 

'l'y vonnee-
tion-. The two 
jack, also set in 
the rear edge, are 
für the key. 

• 

over all bands from 3.5 to 28 Me. It consists 
of a 6V6 Tri-let • oscillator which gives either 
fundamental or second-harnnode output from 
a 3.5- Me. crystal, a 6N7 dual-t riode frequency 
multiplier wit h its first triode sect ion operating 
as a doubler from 7 to 14 Me. and the second 
section doubling from 14 to 28 Mc., and a final 
stage with two 807s in parallel. Tice Tri-tet 
cathode roil may be cut in or out of the circuit 
as desired, so that the 6V6 may be used as a 
straight. tetrode erystal oscillator on either 
3.5 or 7 Me. Provision is made for crystal 
switching, six crystal sockets being ineluded, 
and a sevent h switeh position is used for 
external V FO input. The power output on all 
bands is in excess of 100 watts when the 807s 
are operated at ICAS c.w. telegraph ratings. 

Tice circuit diagram of the transmitter is 
given in l'ig. 1332. Tice switching circuit is so 
arranged that the grids of unused 6N7 triode 
spetions are disconnected from the preceding 
stage and groundled1; thus excitation is not ap-
plied to idle doubler tubes. Only one coil is 
used in the 6V6 stage to cover both 3.5 and 
7 Me.: for :1.5 Me. an air paddling condenser, 
C2, IS switehed in parallel with the 7-Me, tank 
circuit to extend the tuning range to 3.5 Me. 

Capacity cou di but‘veen stages is used 
thnmghout. The plates of the first three stages 
are parallel-fed so that the plate tuning con-
densers can be mounted directly on the metal 
eltassis. Coupling to the 807 grids is through a 
tap on each plate coil; this tapping down" 
not only provides the proper load for the vari-
ous driver stages but also helps overcome the 
effeet on the driver tuning ranges of the rather 
large shunt capacitance resulting from operat-
ing the two beam tetrodes in parallel. Series 
feed is used in the plate circuit of the 807s, the 
tank condenser being of the type that is in-
sulated from the chassis. Operating bias for the 
807s is obtained from a grid-leak resistor, and 
the screen voltage is obtained through a 
dropping resistor from the plate supply. 

Plate currents of all tubes are read by a 
0-100 d.e. milliammeter which can be switched 
to any plate circuit by means of 84. One switch 
position is provided for checking the final-
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stage grid current. The d.c. cathode returns of 
both the 6V6 and the 807s are brought out to 
terminals so that a choice of keying is offered. 
1f the 6V6 cathode lead is grounded, the am-
plifier alone may be keyed in the cathode cir-
cuit; if the two cathode returns are connected 
together, the oscillator and amplifier may be 
keyed simultaneously for break-in operation. 
(The oscillator alone cannot be keyed with the 
807 cathodes grounded, because without fixed 
bias on the latter tubes the plate input would 
be excessive under key-up conditions.) 
To prevent parasitic v.h.f. oscillations, small 

chokes (RPC5 and /?PC6) are connected in the 
grid leads to the 807s, and a 68-ohm resistor is 
connected in each screen lead. These sup-
pressors are mounted as closely as possible to 
the tube sockets. A parasitic trap, 1.5C7, is 
connected in the common plate lead to the 
807s. Because of the high power sensitivity 
of the paralleled 807s and the fact that the 
grid-plate capacitance is doubled by the paral-
lel connection, the tubes may oscillate in 
t.p.t.g. fashion at the operating frequency if 
the amplifier is run with no load on the plate 
tank. However, this tendency toward oscilla-
tion disappears with a small load ( less than 
one-fourth rated plate current) and the ampli-
fier is perfectly stable under normal loading 
conditions. 
As shown in Fig. 1333, the amplifier plate 

coils are mounted on an aluminum bracket 
supported by the main chassis. The bracket di-
mensions are 6! :"? inches long by 4 inches wide 
on top, with mounting legs 2j inches high. 
Half-inch lips bent outward from the bottoms 
of the legs provide means for mounting to the 
chassis. The amplifier bandswitch, 83, is 
mounted underneath the coil bracket, with the 
two switch wafers spaced out so they are ap-
proximately two inches apart. This brings the. 
plate switch section directly under the 28-Me. 
tank coil so that the shortest leads can be ob-
tained at the highest frequency. The output 

Fig. 1331 — A 100.watt 
output transmitter or 
exciter with band-
switching over four 
bands. The output stage 
uses paralkl 807.,. Crys-
tal switching, with pro-
vision for Val input, 
and meter switching are. 
incorporated. Tuning 
controls, from left to 
right, are crystal oscil-
lator-doubler, 14-Me. 
doubler, 20-Me. dmi-
bler, and large dial) 
final anti Airier. The erys • 
tal switch is at the 
lower-left corner, driver 

in tho cen-
ter, and meter switch 
at the lower right. The 
amplifier bandswitch is 
above the meter switch 
and to the right of the 
amplifier tuning dial. 

link connection runs from the other switch 
section (at the front) through a length of 300-
ohm feeder to terminals on the rear wall of the 
chassis. Because of the low ratio of plate volt-
age to plate current, a rat her low L/C ratio 
must be used in the plate tank circuit to secure 
a reasonable Q. The standard coils used are 
therefore modified to the dimensions given in 
Fig. 1332. Other types of manufactured coils 
(100-watt rating) may be used if desired, pro-
vided turns are taken off to bring the 3.5-Me. 
band near maximum capacitance on the 150-
add. tank condenser, the 7- Me, band at 65 
to 70 per cent of maximum, and the 14-Me. 
band to approximately 30 per cent of maxi-
mum. The 28-Me, band may tune at nearly 
mini muta capacitance, since the minimum 
cireuit capacitance is fairly large. 

In the bottom view, Fig. 1334, the meter 
switch with its shunting resistors is at the h-ft. 
The driver bandswitch, S. is in the center; the 
section nearest the panel is for C2. the rotor of 
the next section goes to the grid of the 14- Mc. 
doubler, the rotor of the third section to the 
28- Me. doubler, and the rotor of the last sec-
tion to the grids of the 807s. In this view the 
right-hand section of the 6N7 is the 14-Me. 
doubler. Grid and plate blocking condensers 
are supported between the tube-socket ter-
minals and small et-ramie pillars which serve as 
tie-points for r.f. wiring. The coil taps to the 
807 switch drop through holes in the chassis 
directly below t he proper prongs on the coil 
sockets. The crystal switch, crystal-holder as-
sembly, oscillator cathode tuned circuit, and 
shorting switch, Si, are in the upper left-
hand corner. The crystal sockets (for the new 
small crystals) are mounted in a row on a 
1 X 3-inch piece of aluminum secured to the 
chassis by mounting pillars of square alumi-
num rod. The spare crystal socket on top of the 
chassis is for old-type crystal holders with 
.¡-inch pin spacing. In general, chokes and 

by-pass condensers are grouped as closely as 
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Fig. 1332 - - Circuit diagram of the 

C — See text. 
Ci — 220-spfd. iniea (mounted inside La). 
C2— 140- fil. air padder. 
C3, C4, Cs — 100-µµ fil. variable (National ST-100). 
Cs— I50-upfd. variable, 0.05-inch plate spacing al am-

marl(,nd Il 111.150-C). 
C7 — 3-30-mmfd. ceramic padder. 

CR, CM, C21— 0.00-17-pfd. mica. 
Co, C11, C13, Cie, C23— 0.01-gfd. paper, 600 volts. 

C14, C17 — 0.0022-Al. mica, 500 volts. 
C12, C15. C18 — 100-mpfd mica. 

C20 —  470-imfd. mica, 2500 volts. 
C22— 0.0022-dd. mica, 2500 volts. 
IIi — 0.1 megohm, watt. 
112, 113 — 47,000 ohms, 1 watt. 
114— 47,000 ohms, watt. 

Rs— 22,000 ohms, 3.(2. watt. 
Re — 12,000 ohms, 1 watt. 
117 — 25,000 ohms, 10 watts. 
R8, R0 — 68 ohms, 1,4 watt. 
Rio, Rib 1112, R13, R14 — 25 ohms, .1/41 watt ( R14 shunted 

as described below). 
Ris — 470 ohms, 1 watt. 

NOTE: Rus is shunted by a length of No. 30 copper 
wire (about 8 or 10 inches) wound around the resistor. 
The wire length should he adjusted to make the inilliam-
meter read one-lifth its normal value, increasing the full-
scale range to 500 milliamperes. 

Li — 21 turns No. 18 on 1-inch diam. form, length 1 
inch; tapped 15 turns from ground. 

L2— 10 turns No. III on 1-inch diam. form, length 1 
inch, tapped 7 turns from ground. 

OUTPUT 

100-watt bandswitching transmitter. 
— 5 t,,rns No. 18 on 1 - inch diam. form, length 1 

inch; tapped 2 turn, front ground. 
L4— 13 t urns No. 18 on 1.-inch diameter form, length 

1 inch. 
La — 4 turns No. 18, diam. 3% inch, length inch, 

mounted ott Cr. 
L0- 22 turns No. 20, diam. 134 inches, length I% 

inches. lank 3 turns. 
L7 — 13 turns No. 16, (ham. 1% inches, length 1% 

inches. Link 3 turns 
Ls — 7 turns No. 16, diam. 1% inches, length 1% 

inches. Link 3 turns. 
L2 — 4 turns No. 16, diain. 1% inches, length 1% 

inches. Link 3 turns. 

Novit: Li, L2 L3 wound on Millen .15004 forms, Li on 
'Millen 45000 iorm; L. LI% IA, L9 arc Coto C:1680E, 
C16.10E, C1620E and CI610E, respectively, with turns 
removed to conform to specifications above. 
Ii — 6.-voit pilot lamp. 
J — Coaxial-cable socket (Amphenol). 
MA — 0-100 d.e. milhammeter. 
RFC1, RFC2— 2.5-mh. r.f. choke (National R-100). 
RFC.2 — 2.5-mh. r.f. choke ( National 11-10013). 
R FC4 — 2.5 - nt h. ri. choke ( Nlillen 31102). 
RFCs, RFC-, — 18 turns No. 20 d.c.c., 34-inch diam., 

close-wound on I-watt resistor (any high value 
of resistance may be used). 

Cer • wafer switch, 7 positions. 
S2 — Four-gang 6-position ceramic wafer switch (4 

positions used). 
S3 — Two-gang 4-position ceramic wafer switch (Yax-

ley 162C). 
S4 — Two-gang 6-position ceramic wafer switch (5 

positions used). 
Ss — S.p.s.t. toggle switch. 
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• 
1331 --' 1111, 

of the 100.matt hand. 
switching transmitter. 
The oscillator and dou-
bler roils are of the 
plug-in type for 1.1111. 

enienee in mounting 
and adjustment, but do 
not need to be changed 
to cover the frequeney 
range (tom 3.5 to 39 
Mc. The cable terminal 
on the eliassis mall at 
tbe right is for V FO in-
put; r. f. output termi-
nal« are at the extreme 
left. 

• 

possible about the t ube sockets with which 
they are associated, to keep r. f. leads short. In 
the 807 circuit, the screen by-pass condenser. 
C20, is mounted vertically from a small metal 
angle between the two tube sockets, and all 
grounds for the cathode, screen and grid cir-
cuits are brought to a common point between 
the two sockets. 
The condenser, C, across only the 7-Mc. 807 

tank coil is actually a 1 X 1-inch piece of copper 
with a short tab at one end. The tab is soldered 
to the plate lead from the coil just under the 
coil bracket and then bent so that the 1 X 1 
portion is parallel to the bracket and sepa-
rated from it by about inch. The coil by 
itself resonated with the stray capacitance at 
28 Mc. and absorbed considerable energy when 
the transmitter was operating on that band; 
the small capacitance detunes it and prevents 
such absorption. It may not be needed with 
other types of coils or wit h slightly different 

construction. 
Preliminary tuning should be done with the 

plate voltage for the 807 disconnected. Set .S.2 
and 83 for 28-Mc. output, set 84 to read oscil-
lator plate current, and close the key, if os-
cillator keying is being used. With a 3.5-Mc. 
crystal, make sure 85 is open; with a 7-Mc. 
crystal S5 should be closed. Rotate Cg for a 
small kick in the plate current that indicates 
resonance at the crystal harmonic, in the case 
of the Tri-tet, and for the marked dip in plate 
current that indicates oscillation with the 
tetrode oscillator. The current should be in 
the vicinity of 16 to 18 ma. Switch the meter to 
the 14-Mc, doubler and adjust C4 to obtain 
minimum plate current. This should be about 
15 ma. Check the 28-Mc, doubler plate current 
similarly; it should be between 25 and 30 ma. 
at resonance. The final-amplifier grid current 
should be 7 to 8 ma. 

Next, connect a 70-ohm dummy antenna or 

Fig. 1334 — Bottom 
view of the 100-watt 
bandswitching trans-
mitter. The chassis di-
mensions are 8 X 17 X 
2 inches and the panel 
(of gravide-finished Ma-
sonite) is 8% X 19 
inches. Parts layout is 
de-erihed in the text. 
.1 7:;o-voit lead i5 

r' sigh through a 
J, ii ,isdeise terminal, asid 
all other power and key-
ing entoteetlnn$ go tn 
ceramic terminal strip 
sut the repr. The ennnee. 
lion between the crystal 
switch and the VFil in-
put socket is through a 
short length of RG/58U 
cable lying in the corner 
of the chassis. 
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Fig. 1335— Circuit diagram of a 250- to 
300-volt 100-nia. power supply. 
CI, C2— 8.aftl. Mgt-volt electrolytic. 
RI — 20,000 ohms, 25 watts. 
Li, L2— 30-Itv. 110-ma, filter choke 

(Stanec;r C-1001). 
Si, S.p.s.t. toggle switch. 
Ti — 440 volts each side of center, 130 

ma.: ' v., 3 a.; 6.3 v., 3.5 a. 

100-watt lamp to the out put terminals, set 
C6 near minimum capacity, and apply plate 
voltage to the 807s. Adjust C6 for minimum 
plate current, which should be about 200 ma. 
with this load. Readjust the driver circuits for 
maximum grid current to the 807s. 
Tuning procedure for other bands is much 

the same, except that the amplifier cannot be 
loaded to full input on the lower frequencies by 
either the dummy antenna or lamp, with the 
links furnished with the coils specified. In such 
cases an antenna should be used to load the 
transmitter after it has been determined that 
the various stages are working properly. On 
3.5 Mc., C2 should be adjusted so that a crys-
tal on 3500 kc. can be made to oscillate with 
C3 set near maximum capacity. Generally, C2 
will be set at approximately full capacity. 
The transmit ter requires a power supply de-

livering 60 to 70 ma. at 300 volts for the os-
cillator and doublers, and one delivering 200 
ma. at 750 volts for the 807s. The supplies 
of Figs. 1317 and 1335 are suitable. 

C. A Two-Stage High-Power Transmitter 

"Hie photographs of Figs. 1336, 1338 and 
1:;:t9 show a two-stage t ransmitter capable of 
haw lling a power input of 900 watts on c.w. or 

L, L2 

675 watts on ' phone. The circuit diagram is 
shown in Fig. 1337. It is a simple arrangement 
in which a 6I.6 Tri-tet crystal oscillator drives 
an Eimac 4-250A in the output stage, either at 
the crystal fundamental or at the second har-
monic so that the transmitter will cover two 
bands with a single crystal of proper frequency 
wit hout doubling in the output stage. Through 
the use of plug-in coils and a selection of crys-
tals, the transmitter may be used in all bands 
between 3.5 Mc. and 28 Mc. inclusive. 
Any one of four crystals may be selected by 

moans of Sn although more crystal positions 
may be added. R.1, 112 and Rg are metering 
resistors across whirls the milliammeter is 
switched to read combined oscillator screen 
and plate currents, amplifier grid current or 
amplifier cathode ourrent: Rg has sufficient 
resistance to have no practical effeet upon the 
meter reading, but the other shunts which are 
made frcun copper wire are adjusted to give a 
meter-scale multiplication of 10, making the 
full-scale reading 500 ma. The diagram shows 
both stages keyed simultaneously. If amplifier 
keying only is desired, R1 should be connected 
to ground instead of to the key terminal. 
Construct  — The transmitter is built 

on a 10 X 17 X 3-inch chassis with a 1.0M-

Fig. 1336— Front view 
Or the 4-250A transmitter. 
Along the bottom of the 
panel. front left to right, 
are the cc-nov.1- for the os-
cillauir tuning emulenser, 
the crystal itch and the 
metering - su tell. The large 
dial i- for the output tank 
ii milenser. 
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100-gpfd. mica. 
C2— 100.5u fl. variable (National ST400). 
C3 — 50-gad...per-section 0.171.-inch-platc-spacing vari-

able ( Millen 11050). 
Cs, C9 — OM -µ I'd. paper. 

C6— 0.0015.pfd. mica. 
C7 —  100-551.d.  • •a, 5000 volts. 
Co) — III ((i. t H s"Its. 
CH — 0.001-Al. toiva, 10,000 volts. 
C12— Vann1111-type pad, li rig capacitor, 25 pel,, 16,000 

volts (GE GL- 122). 

C. — 100-gpfd.  • .a (for 3.5.Me. crystals only). 
— 220 ohms, I watt. 

112— 47.000 ohms, watt. 
Ra — 5,000 ohms, 10 wat 
11i4, Ho — 58 inches No. 22 copper wire wound on small-

diam. form. 
Its— 47 ohms, s, mt. 

1.1— 3.5- \ Iv. 22 turns No. 22 
(ham., close-wound. C. connected across wind-
ing. 

.7ranimilier Cow/ruction 

+Lv. 
0 0 0 0 0 

CT. F - SC - Hs/. + H.V. 

-LV. 
+ C. 

Fig. 1337 — Circuit diagram of the two-stage high-power I ransmit ter. 

inch standard rack panel. The mechanical 
arrangement shown in the photographs should 
be followed as closely as possible, since upon 
the placement of parts may depend t he stabil-
ity of t he amplifier. The I)scillator-circuit com-
ponents are grouped at t he left-liaml end of the 
chassis. The Millen crystal sockets are lined 

• 
Fig. 1338 — Bottom view 
showing the arrangement 
of pai ts ai.li Lléc 

MO11111141 off the rear eilvr 
of the chassis are the 
dilator (left) and ampli-
fier (right) grid chokes. 

The oscillator plate .- ti, keis above. The coodco-,r 

under the cry-4A itch 
control shaft the cou-
pling conden-er, C7. Tlw 
oscillator tinting con-
denser, e2, the 6.3.volt 
filament transfiwiner and 
the metering itch are 

along the front edge of the 
chassis. The ventilating 
fan is to the right of the 
tube socket. 

• 
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7-Mc. cry-st a I-: 12 turns No. 22 
diam., ' 10-5- wound. 

11- Mc. ers tal-: 6 turns No. 20 il.s.c., 
¡ark lone:. 

1,2 — 3.5 Mc.: III turns No. 22 d.s.c., 1-isteli diain., 
close- w011111. 

7 Nle.: 21) turns Ni,. 22 tl.s.c., 1-inch diam., close-
wound. 

1.1 Me.: 't turns No. 22 d.s.c., 1-inch diam., la' inch 
long. 

28 Ale.: 5 turns No. 20 enam., diam., 
íi Melt long (on Millen Type 45500 threaded 

ceramic form). 
— It & n- *nil -series coils-. 
— Fan motor ( Barher-Colinan Type d Yab 569-1 

with Type 'tab 355-2 2! ::;,-ineli fan, Rockford, 

MA — 0-50 milliammeter. 
It FC, It 1:Ct — 2.5-mh. r. f. choke. 
It FC2 — Hammarlund r. f. choke. 
St — 1- position ceramic tap switch. 
s2 — Double.gang 3-position switch. 

up with their centers 11 inches in from the 
rear edge of the chassis in the left-hand corner. 
The socket s for t he 61,6 and the plug-in cathode 
coil, LI, are in line with their centers, 
inches from the back edge of the chassis, while 
the oscillator plate coil is in line with the 
6L6, 6 inches from the rear edge of t he chassis 
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and 3M, inches from the left-hand end. The 
crystal switch is placed near the 6L6 socket 
and set at an angle with respect to the edges of 
the chassis. It is controlled by a knob at the 
center by means of a long %-inch shaft, which 
runs diagonally across the chassis, and a 
Millen 39005 all-metal flexible shaft coupling 
of the " universal-joint" type. 
The socket for the 4-250A is centered 734 

inches from the left-hand end of the chassis 
and 3 inches from the rear edge. It is spaced 
1% inches below the chassis on metal pillars 
so that the base of the tube is shielded from 
the plate. A spring contact is fastened to the 
socket so that the metal ring around the base 
of the tube will be grounded when the tube is 
inserted in the socket. The 4-250A requires a 
small amount of forced-air cooling. This is 
supplied by a small fan directed at 
the base of the tube. A bottom plate 
should be used on the chassis so that 
the air will be forced up around the 
envelope of the tube. The amplifier 
plate-tank condenser is placed with its 
shaft 5 q inches in from the right-
hand edge of the chassis, while the 
coil base assembly is elevated on 3-
inch cone insulators centered 2! 
inches from the edge. The clips for 
the padding condenser, Ci2, required 

Fig. 1340 — A 400-volt 250-nia, power 
ply. A 6 X 14 X 3-inch chassis is used, s h 
all wiring, the filament transformer for the 1;:t 
rectifier, and the bleeder resistor mounted be-
neath the chassis. The fuse, pilot lamp, and 
the on-off switch (not visible in this view) are 
mounted on the front chassis wall. A.c. input 
to the high-voltage transformer and the fila-
ment transformer are at the rear of the chas-
sis, as are the safety terminal for the B+ 
output and the binding post for ground con-
nection. 

Fig. 1339 — Rear view of 
the two-stage high-power 
transmitter, suturing the 
vacu lllll -type padding con-
denser in place on top of 
the tank condenser. 

for the 3.5- and 7-\1c. bands, are mounted on 
top of the condens(m on 1-inch tubular spacers. 
A pair of Jong 6-32 mounting screws, passing 
through the spacers, serve to make the connec-
tion between the stators of C3 and the termi-
nals of C12. The Hammarlund CH-500 r.f. 
choke, RPC2, is mounted alongside the tank 
condenser, near the center, with the plate 
blocking condenser, Cn, fastened to the top. 

Plate voltage is fed from a Millen safety 
terminal in the rear edge of the chassis to the 
bottom end of the r.f. choke through a Millen 
32101 steatite bushing. The hole for the safety 
terminal should have a clearance of about %6 
inch around the part which goes through the 
chassis, to decrease the danger of a voltage 
break-down at this point. The link output ter-
minals are in the right-rear corner, insulated 
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s="---0 63V. 3A. CI: o 

çcz» ° 6.3 V,3A,Cr. 

83 

CI C2 

I 1. 

Fig. 1341 — Schematic diagram of the 100.% oit 250-ma. 
pouer supply. 

600-vol oil-filled capacitor (.1erovox Type 

000-volt oil-filled capacitor (Aerovox Type 
000.. 

RI — 27,000 ohms. 20 
Li — Swinging choke. 5 27, liv ., 225 ma., 120-ohm d.c. 

resiqattee II I I 
La — Smoothing ehoke. 21/ 11., 225 ma., 120-ohm the. 

resistance tt I I 
— 2.anip. fu-e Pc 3 % M. and fuse-

hnIder , I ittelfn-c 1212It ). 
It — 110-, oh a.,•. oil. el 4.111111.:11111--orl. 
Ji — I' a.1,1-niminti,,..a.. receptaele \ II). 
fi. P2 — l'attel-nionn tine a.c. plug (Araphenol 61 .N11). 
— S p.-. t. toggle - usileit. 

Ti — Filament it 5 volts, 4 amp. I Thordarson 
T-63 199). 

T2 Pouer transformer. 525 or 425 % oh- a.e. each -.ide 
of center-tap. 250-ma. rating. Filament wind-
ings: 5 v. 3 amp.; 0.3 v. 3 amp. c.t.; 6.3 v. 3 
amp. ca. (liTC S40h 

from the ehassis on a National FWG poly-
styrene terminal strip. 

Underneath, at the amiditier end of the 
chassis, are the metering sir it eh, S2, and the 
6 3-volt filament transternatr. An external 
filament transformer is required for the 4-250.1. 
It should have a rating of 5 VI/Ill.:. 15 amperes. 
On the p,m01. t he williamineter is platted to 

halante the awitliiiçr tuning dial, the meter-
switch knob Ii balance that of the oscillator 
tuning condenser, while the crystal switch is 
at the runlet, near flue holtoia .1hing the 
rear edge of 1 he chassis. Iron' leti to right, as 
votwed Irian I In rear, are U terminal sittp fur 
Waking eonneetions Lo the oscillator supply, 

• 

Fig. /142 — This pnwer-=upttly unit &Ike,: 2025 or 
2480 volts at full-load eurrent '4150 ma.. u it li ri mole of 
0.5 per cent and regulation of 10 per rent. are 
selected by tam. on the seeoridar.. . 111 eKpo-ed 
voltage terminals are covered uith Spra,me rubber 
saiefy caps and the tube plat, t,   ; t1. 
raie:. The rectifier tubes are placed .may frorn llie ', late 
trensfornier tu suiil judit, ii', 1 con il, . J In ¡  • -1 is 

li X 19 inches and the eha--1- 13 X it X 2 inches. The 
exposed high-voltage ter eee i ll al should he covered with a 
rubber-tubing sleeve. The circuit is shown in Fig. 1343. 

*400v. the amplifier 
screen- voltage 
dropping resistor, 
and to the 
biasing-voltage 
source, if one is 
used; the key 
jack, filament 

terminals for the 4-2501 ineluding a center-
tap connection, a safety terminal for the high-
voltage connection, and a male plug for the 
115-volt line to the 6.3-volt filament trans-
former and the fan motor. 
The cathode coils, LI, are wound on Millen 

octal-base shielded forms without tuning slugs. 
A change in cathode coils is required only with 
a change in the band in which the crystal lies. 
The roil for use with 3.5- Me. crystals requires 
an additional 100-mpfd. ntira condenser, ex, 
connected across t be winding as shown by the 
dotted lines in Fig. 1337. This condenser is 
placed insu lo the plug-in shield along with the 

The 100-pafil. capaeitor, 
which is connected permanently in the circuit, 
is sufficient for use with 7- and i4-Mc. crystals. 
Since larger coils are desirable for the plate 
circuit of the oscillator, the coils for L2 are 
wound on 1-inch diameter foi-iris enclosed in 
National Type PB-10 plug-in shield vans. The 
shittld shonld be grounded to the chassis 
through one of the available pins in the base. 

External connections to the unit are indi-
cated in Fig. 1337. If both stages are to be 
keyed as shown, no fixed bias is necessary and 
all that is required is a grid leak of 5000-ohm 
5-watt size, conneeted across the biasing ter-
minals. This biasing system will serve also in 
case only the amplifier is to be keyed. Keying 
of the oscillator alone is not recommended 
because of the effects of soaring screen voltage, 
which makes it impossible to cut off plate and 
screen rurrents in this unit without exceeding 
the normal operating bias. For titis reason, it is 
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866 

T2 

115V. AC 

Fig. 1343— Circuit diagram of the 2500- volt I50-nia. 
power supply. 
— l-plI. 2500.volt oil-filled (GE Pyranol). 

C2 2500-volt oil-filled (GE Pyranol). 
It — 50.0151 ohms, 200 uatts. 
L1— Input ehoke, 5-20 uy., 500 ma., 75 ohms (Thor-

dar,ote T-10(38). 
L2— Smoothing c•hoke„ 12 by., 500 ma., 75 ohms 

(Thonlar,on T.101:17.). 
Tt. — 3000 or 2 1-,0 % olt- r' rit side of center, 100-

ma. d.c. Jhordar-on T- 101 .61b1. 
T2-2.5 volts. lo amp_ Pullin- volt insular  (Thor-

dar-on T.61F3II 
'he voltage regulation nut be improved by the use 

of a lower value of bleeder resistance, II, although at 
%Mlle sacrifice in lorr111,,Ibil! load current. 
This circuit is also n-cd for the 1:“10-volt supply SlIONSn 
in Fig. 1360. 

highly advisable to use an over1( tail relay in 

the plate-supply eircuit of the amplifier, to 
protect the tube in case the oscillai or fails to 

function. The circuit. diagram of a suitable low-
voltage supply for the oscillator delivering 350 

to 400 volts is shown in Figs. 1310 atol 1341. 

The high-voltage supply of Figs. 1342 and 1343 
may be used for the output stage. The screen 

volt tige-dropping resistor is not incito led in the 

unit because of the heat generated. It should be 

located externally, possibly in the power-

supply unit, and should consist of two 50,-
000-ohm 160- watt resistors in parallel. 

Adjustment — After the proper coils for 

the desired band have been plugged in and the 

crystal switch turned to select the proper 
crystal, the key may be closed with the low-

voltage supply turned on, but with the volt age age supply turned off. '1' lu' combifie1 ..— 

eillator plate and screen current at res,mancc 
should be bet ween 35 and 75 tna.. depeniling 

upon the crystal frequency and whether or not 
the oscillator is doulding frequeney. If the 
dilator is operating at the crystal fundament al 

+ frequency, oscillation will cease 

— C-2—  abruptly when the plate tank 
C2 Hv. circuit is tuned to the high-

capacitance side of resonance. 

For reliable operation titis cir-
_ euit should be tuned slightly to 

the low-capacitance side. When doubling fre-

gurney this characteristic disappears so that. 

the plate circuit may be tuned to exact reso-
nanee where maximum output should occur. 

Tuning t he 0,itillat or plate circuit to reso-

nance should result in a grid-current reading 
vlan the nutter j5 suit cheil to the sevond 

meter-switch position. l'he reading will vary 

bet ween 30 and 35 nia. to 50 ma, or mow, de-
pending upon the frequency and whether I he 

oscillator is doubling frequency or working 

"st raight through." The poteniial of the high-
viril age supply should be redwatil during pre-

liminary adjustments. If no other means of re-

ducing tlw voIt:tire 1, available a 200-watt 115-
volt lamp may be ronnected in series with the 

primary winding. of the high-voltage trans-

former. The plate circuit of the amplifier 
should be tuned to resonance first with the 

antr•nna link swung out to the mininmm-

coupling position. The output tank circuit of 
the amplifier may be coupled through the link 

coil, her directly to a properly- terminated 

low-impedance transmission line, or through 

ftll antenna tuner such as one shown in Figs. 

1314 and 1345 to any type of antenna system. 

Wit It the antenna system connected and the 
link swung in for maximum coupling, the plate 

current should increase Nv hull the antenna sys-

b•in is t uneil through risonance. Every adjust-

ment of the coupling or tuning of the antenna 

system should always be followed by a read-

just ment of the tinting of the amplifier tank 

circuit for resonanue. As the loading is in-

creased the plate current, at resonance will 

it,,' 'ease. The loading may be carried up to the 

point where the plate current icathode cur-

rent, minus grid and screen currents) is 300 

ma. at 3000 y, 

td. A Wide-Range Antenna Coupler 

The photograph of Fig. 1344 shows the con-
structional details of a wide-range antenna 

coupler suitable for use wit h high-power trans-

mit tirs. Various combinations of parallel and 

Fig. 1344 — Wide-range antenna coupler. 
l'he  • is assembled on a metal chassis 
measuring 10 X IT X 2 inches, us ri tu a panel 
W., X 10 inches in size. The uariable eon-
denser is a split-stator unit having a capacity 

200 gmbl. per section and 0.07-inch plate 
(J„IoNoo 20oF.1/30). The plug-in 

are tle• 'I.% 1. series. The r.f. am-
meter has a 1-ampere scale. If ilcsired, the 

itta be mound with lied links MI stand-
ard traii,mitting ceramic forms. ilie links 
still ha% c to lie Kiwided with flexible leads 
which can lee plugged into a pair of jack-top 
ndatots  • 1 near the coil jack strip, 

unless a special mounting is made providing 
for the seven plug-in connections required. 
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(A) 
FEEDERS 

%erns 

FINAL 
TANK 

FINAL 

FEEDERS 

FEEDERS 

FE EDER 5 

(D) 

(D) 

(F) 

F,NAL 
TANK 

FINAL 
TANK 

Fig. 1345 — Circuit diagram of the wide-raiige antenna coupler for use with the handswitehing am-
plifier. A — parallel tuning, low C. It — parallel timing, high C. C — series toning, low C. — series 
tuning., high C. E — parallel tank, low-impedance output. low C. g — parallel tank, low-impedance 
output, high C. For single- wire ma tilled-impedance feeders, the arrangements of E or I" would he 
used with a single tap instead or ihe dm,i,ic tap shown. l'or simple voltage- fed antenna:, the arrange-
ment of A would he used with the antenna connected to the terminal with the .  ter. After the 
inductance required for each of the various hands has been determined experimentally, the connee-
tiims to the coils ran lie made permanent. Then it will lie nevessary merely to plug in the right coil 
for each band, tune the condenser for resonance, and adj um the link for Iiiiading. 

series tuning, with high- and low-C tanks and 
high- and low-impedance outputs, are avail-
able. Diagrams of the various cirenit com-
binations possible with tisis arrangement are 
given in Fig. 1345. 
A separate coil is used for earls band, and the 

desired connections for series or parallel tuning 
with high or low C, or for low-impeda n ce out put 
with high or low C, are automatically made 
when the coil is plugged in. Coil conneetions 
to the pins for various circuit arrangements are 
shown in Fig. 1345. 
The tuning condenser specified, together 

with a set of standard plug-its transmitting 
coils, should cover pretctically all coupling 
conditions likely to be encountered. 

Because the switching connections require 
the use of a central pin, a slight alteration in 
the B & NV-coil mounting unit is required. The 
central link mounting malt should be re Inu wed 
from the jack bar and an extra jack placed in 
the central hole thus made available. The link 
assembly should then be mounted on a 2-inch 
cone insulator to one side of the jack bar. 

Correspondingly, the central nut on each coil 
plug base must be removed and a Johnson 
rapped plug, similar to those furnished with 
the coils, substituted. An extension shaft may 
then be fitted on the link shaft and a control 
brought out to a knob on the panel. 
The split-stator tank condenser is mounted 

by means of angle brackets on four 1-inch 
eone-type ceramic insulators, and an insulated 
flexible coupling is provided for the shaft. 

If desired, the coils may be wound with 
fixed links on ceramic transmitting coil forms. 
The links should be provided with flexible 
leads whirl' can be plugged into a pair of jack-
top insulators mounted near the coil jack strip, 
unless a special mounting is made providing 
for seven connections. 
The unit as described should be satisfactory 

for transmitters operating at a plate voltage of up 
to 1500 with modulation and somewhat more on 
c.w. For appreciably higher voltages, a tank con-
denser with larger plate spacing should be used. 

L A Medium-Power Bandswitching 
Transmitter 

The transmitter illustrated in Figs. 1346 
through 1:351 combines complete bandswitch-
ing from SO meters through 10 meters with 
moderately high power. A 4-125A beam 
te) rode is used in the output stage, driven by 
frequency-multiplying stages which, because 
of the low driving-power requirements of the 
final. can loaf along at considerably below 
ratings. The final can be operated at 375 
watts input for c.w. operation, or 300 watts 
in 'phone service. 
As shown in Fig. 1348, a Pierce crystal os-

cillator is used, operated at low plate voltage 
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e 0\ 

to perm il maximum frequeney - I ability. Ten-
meter Output can be obtained h 80-, 40-, 
or even 160-meter tryst ais, and out put in the 
11-meter band can also be obtained with suit-
able crystals. 
The output of the crystal oscillator is 

coupled to t he gritl of a 616 whieh acts as eit her 
a straight amplifier or as a doit 'I depending 
upon the fundamental frequency of the crystal 
and the position of the bands \\ The plate 
tank coil for this stage is tapped, with the en-
tire coil being used when the bandswit eh is set 
for 80-meter output. and only a portion of it 
when output at higher freqm•nries is des¡red. 

Plate voltage for t he 016 is dropped 1 o about 
360 by Rio. The screen voltage of the tube is 
made adjustable by means of a 75,000-ohm 
wire-wound potentiometer, the excii :o flfli 
control, whirl), with the usual dropping re-
sistor, forms a voltage divider across the plate 
suliply. 13y chang,ing the screen voltage. the 
out put of the tube is adjusted to whatever 
level is required for adequate drive to the 

When the bandswit eh is set in either the SO-
or 10-met '' posit itins, the output of the OVO is 
fed to the grid of the 807. For 20- anti 10-
meter operation, the output of the 61'6 is 
switched to the grid of the first section of t lie 
6N7 frequency multiplier. The 6N7 stages are 
arranged so that t he grid not in use is grounded. 
For 20- meter opera' ion only the first section 
of the 6N7 is used while for i0-meter operation 
both sections are used, operating as doublers 
from the 40-meter output of the 016. 
The 807 operates straight through on all 

frequencies. In this stage the 80- and 40- meter 
ranges are covered by one coil, wound on a 
ceramic form and housed in a shield can above 
deck. The 20- and 10-meter ranges are covered 

Fig. 13.16 — Front 
view of the hand-

sm itching ter. tram-nuiThe 'sal I rols 

along the Mitt  
of the panel are  
left to right. the 
erstal 

itch, 11-..illanw 

lo n - 
mmer-stage 

Mil. plate-meter 
.., it, I, and grid-
Ill t' t r j te h . 

th.• saline 
order, are t he t lin-
ing control» for t he 
i.‘ the t 0 see-
t - the \ 
rol the VAG plate. 
T he 2711-degree 
knob to the left of 
the main (lining 
dial is the excita-
tion control. The 
knob ken, cuil ti,,, 

meters control s 
itehing iii 

the on t , tage. 
it,. 1,1.11t• !nut,' iS 

oil the lef t. 

by an air-wound coil, the plug-in type being 
used solely to permit removal of the 807 tube 
from its socket. Bandswit ( di ing in the 807 stage 
is arcomplished by a ('(':1 lilt' swilrli similar in 
construction and con Inet arrangement to the 
multiple-section swit ( di used in the earlier 
stages, and ganged to it through a right-angle 
(hive mechanism. Tile screen circuit of the 807 
includes a parasitic-su)pressing resista ii', Rut. 
inserted ahead of the usual screen bv-pass 
condenser. Bias for 1.11e 807 is obtained from 
two series-connected 45-volt Mini-Max bat-
teries. 
With about 425 volts on 1he plate and 325 

on tiny screen, the 807 delivers more than 
enough drive for the 4-125.1 final on all bands. 
The circuit of the 4-125.1 final amplifier is 

designed to permit plate-and-screen modula-
tion of the tube if ' phone operation is desired. 
Heu tp. a screen dropping resistor is used to 
furnish screen voltage from t plat,' supply. 
It is necessary to drop ' r,',' ti vintage to 

350 or 400 from. whatevt‘r potent n t I is used on 
the plate. Space limitations do not permit 
mounting a single 100-wat t resistor inside the 
chassis, Si) two 50-wal t units are mounted side 
by side awl connected in series to obtain the 
required 100-wat t rat in 

Operating bias for t he final is obtained by 
means of a grid resistor, no fixed bias being re-
quired. To keep t he screen vtilt age Ito in soaring 
to the full plate-supply value me ler key-up 
conditions or in t he event of excitat ion failure, 
a t ulay is used as a prot eel ive device. The 
616 is triode-eonnected, with its plate con-
nected to the screen end of the screen dropping 
resistor, and its gritl connected to the grid side 
of the grit I leak for t he 4-125A. When excitation 
is present, about 200 volts of bias is applied to 
the grid of the 616 from the IR drop across the 
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grid resistor ---- mi ire than enough to keep the 
tube nonconductive. However, when the key is 
up, excitation is removed. and the 616 grid 
is without bias. Thus it draws plate current 
through the screen dropping resistance. The 
current drawn. in the neighburhoot I of 20 or 30 
ma., is sufficient to reduce the screen voltage 
on the 4-125.1 to a very I, i‘v value. As a result, 
the final plate current falls to 8 or 10 ma. — 
much beltir than Tula t ively enormous amounts 
of fixed bias could do ; miler similar comfit ions. 

Three coils are used in t he plate circuit of 
the final. The first. winind on a ceramic form, 
is used for 80- and 40- meter operation. A com-
mercial air-wound coil with t he plug strip re-
moved is used in the 20- meter tank. The 10-
meter coil is made of h-inch copper tubing. 
Bandswitching in the final amplifier is accom-
plislted by a pair of ganged single- pole four-
posit ion switches of the lwavy-duty type. Par-
ticular care should lie taken to insure good 
insulation in mounting both switehes in: 
titi  r.f. potentials encountered are very high, 
est na h illy when the final is unloaded during 
tune-up. 
The use of fixed links for output coupling, 

a mechanical necessity. requires that an an-
tenna t titling unit having a variable link be 
employed for proper adjustment of loathing. 
The unit described in Figs. 1314 and 1315 will 
be suitable. The meters are switched across 
22-ohm !.1-watt resistors by double-pole 
ceramic swittlies. Both meters are 0-50-ma. 
range, additional shunts being used to extend 
the ranges to 100 ma. for the S07 plate circuit. 

• 

Fig. 1347— Hear 
view of the hand-
mtitehitie trattsnsit-
ter , tto,.. 
men t of parts 
mount et1 above the 
cha Adetinate 
space for the later 
addition of a VD) 
unit is available in 
the center of the 
chassis. 

and to 500 ma, for the 4-125.1 cathode. The 
sltunts and the 22-oh in resistors are mounted 
on the switch contacts. The shunt for the 807 
stage is wound with resistance wire. bet if this 
type of wire is not available a suitable length 
of No. 30 insulated wire may be used. A short 
length of I he latter is all that is required fin the 
shunt for the 4-125A. The metering circuits 
are arranged as follows: 

l'ILATE N1F7rElt 

Position Circuit Read Scale 

All 
CD 
EF 
Gil 
li 
lil, 

CF6 plate anti screen 
6VG plate and sereea 
ON7 plate (20 trieterq 
GN7 plate ( 10 meters) 
807 plate 
4-125A cathode 

50 ma. 
50 tira. 
50 tua. 
50 ma. 
100 tira. 
500 net. 

(;1111) N1171'Elt 

Position Circuit Bead Seale 

MN 
01' 
glt 
ST 

807 control grid 
807 screen 
.1-125.; control grid 
4-125A :semen 

50 Ina. 
50 Ina. 
50 Ma. 
50 txta. 

The physical layout of the rig is shown in the 
phottgraidus. The entire transtnit ter is built on 
a standard 17 X 13 X 4-inch steel chassis, 
with a 19 X 12h-inch Nlastmite panel to per-
lait rack mounting. While maximum use of the 
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Xéals 

5, 
xtal 

Selector 

6F6 6V60 
OSCILLATOR •C5 BUFFER-DOUBLER 

6F6 6V66 6N7 807 

Zji 

041, 
+425V-

E G F 6Y6 • • I F. • C • D. 0. 

HEATER CONNECTIONS 
63‘z AC 

PLATE METER 

C4, C2, C10 — o.noi.„rd. laica. 
C, C4, CD, C7, Cd z, c,, C22, C23, C27 — O.01-fil. 600-

volt paper. 
Cs, Cs, C2I 150-pad. mica. 
Co — 1-10-upfd. receiving variable ( Ilanimarlund MC-

110-S). 
Cm. Cut — 100-pmfd. mica. 
(Il, Clz — 0.0022-pfd. mica. 
Ct2, CIS — 50-mmrd. receiving variable (lrammarltind 

MC-50-S). 
Cio — 0.0(fl  .1.61.  xi,1200 silts working. 
C.20 — 100-zo,61. receiving variable (:\ at ional ST-100). 

220-pmfd. mica, 5000 volts (1.,•. 1,1 aking. 
C25 — 0.001-gfd. mica, 5000 volts ‘sorkirig. 

120.,,,,61. variable, 0.10-in, air gap (Cardwell 

111 — 47,000 01011s, .14 Watt. 
112— 1000 ohms, 1/2 watt. 
113 — 68,000 ohms , ,  wa... r r 
111, Ho, 1112. 1115, 1117, -1119. 1122, 1124 • ••• 22 ohms. 'IÀ1 watt. 
R2-50,000 ohms, 3 watts (three 0.15-mcgolun 1-watt 

units in parallel). 

below-chassis space is required, there is enough 
space left above deck and on the front panel to 
permit the subsequent addition of a VFO unit 
if desired. There is adequate space on the 
panel for a National Type ACN dial, and 
clearance is provided between two of the coil 
shields for a shaft to tune the VFO. 
The tube line-up. shown in Fig. 1347, has 

the 6F6 Pierce oscillator located about half-
way back along the right-hand chassis edge, 
the 6V6 buffer-doubler immediately behind the 
oscillator, the 6N7 frequency molt iplier to the 
left of the 6V6, the 4-125A final in I he left fore-
ground, and the 6Y6 screen-protecting tube in 
the corner, near the front panel. The 807 

2 

c,, 

Rtt 

Keying Lead 

Fig. 1.348 — Circuit diagram 
of the handswitching trans-
mitter. 

Ho — 0.1 megzilim, wa t t. 
117 — 75.000-oltin uire-uo lllll I potentiometer. 
11. — • 30.000 ohms, 10 uatts. 
It lo • 15,000 oluns, 10 uatts. 
lIt t, 1(14 — 22,000 ohms.'•,;, watt. 
1113 — 7500 011111.4, 10 watts. 
Itut  — 5000 obtus. 10 wat ts. 
11 s — 68 ohms, !.¡ watt. 
R20 — 30.000 ohms. 10 watts. 
It21 Nletz:r shunt:, see text. 
II?? — 20.000 ohine, 5 watts. 
1125-- 50,0E10 ohms. 50 u at is, with slider. 
11.30-- 50,000 ohms, 50 watts. 

— Nleter si : see text. 
la — 31 turns No. 22 tl.s.e., 12 14 turns 11 •(.t inch long lw. 

tween ground end and tap: Ill turns close-
wound between tap ami plate end. Wound 011 
1-illth ham. form I ilien 17,000). 

1.2— II turns No. 22 I inch long on 1-inch diani. 
f  (\ lilt. 1-,on)). 

— .1 turns No. 21/ 1 inch long on 1-inch diam. 
form (Alines, 43000). 

driver stage, mounted below the chassis, is 
visible in Fig. 1351. This view also shows the 
arrangement of the bandswitching system used 
for tins low-power stages. A four-section ceram-
ic switch is ganged to a similar single-section 
switch through a Millen right-angle drive 
mechanism. 
The two ceramic switches at the lower left in 

the bottom view are for switching the meters. 
The small fan near the submounted socket for 
the -I-1251 serves the dual purpose of cooling 
the final-amplifier tube base seals and the 
screen dropping resistors. The 807 driver is 
mounted parallel to the chassis surface in a 
Millen shield-and-socket assembly to prevent 
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Excitation Bana'switches 

Yz 6N7 
DOUBLER 

:e 

CI 
2o1 •,0 807 
o ' DRIVER 

- 90V 

BIAS 
o. ; 

o • • 

c,, 

R 
• • 

P . • 

L4-35 turns No. 20 d.s.c., 16 turns 7;.; inch 10111g be-
tween ground end and tap, 10 turns close. 
wound between tap and plate end. Wound 1111 
114_i rich diam. Ger. • form ( N a tiimal 

1,5— 7 turns No. 18 bare, 41is.inch 1_ 3, inches 
long, tapped 3 turn, from ground end. ( N a tional 
AH-I6-10E with link and 1 turn of coil re-
moved. Link connection on plug-in base used to 
bring nut tap.) 

La — 5 turns Ve inch copper tubing, 1%-inch i.d., 3jit 
inches long. 

L7 — 8 turns No. 11 bare tinned, 2-inch diam., 2 bugles 
long ( 11 & W 20BE with 2 turns removed.) 

Ls — 26 turns No. 14 enam. tapped LS turns from plate 
end, 314 inches long, 2;.-¡-inelt diam. cer  • 
form ( National X lt.10A). 

LD — 2 turns No. 14 bare tinned, 2 ;4¡4nelt diam., wound 
over end of III and spaeed 1/t inch from it. 

Lie — 2 turns No. Il bare tinned,244isineltiliam., wound 
over end of 1.7 and spaced .1,4 inch from it ( Part 
of B & W 2011EL assembly.) 

Lit — 4 turns No. 14 bare C d, wound over ground 

feed-back from plate to grid, and a second 

shielti plate runs from the 807 socket to the 

rear wall of the chassis to prevent stray cou-
pling from the 807 plate circuits to the oscil-

lator and doubler circuits. The crystal selector 

switch is mounted on a bracket bolted to the 
right-hand chassis edge, close to the oscillator 

tube and crystal sockets. The terminal board 

mounted near the meter switches holds all the 

plate and screen dropping resistors. The fila-

ment transformers and bias batteries are 

mounted near the left-hand edge of the chassis. 

Tuning condensers for the 6V6 and the 6N7 

stages are mounted along the front edge of the 
chassis, while the tuning condenser for the 807 
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(See Teo() 
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 o to antenna 
couple? 

end of Ls and insulated from it by spaghetti 
tubing. 

J1, J2 — Closed-circuit jack. 
MAI, MA2-0-50 ma., 2-bull-square ease. 
MOi — Fan-and-motor a,senibly liarber4 iiilinan Type 

Val) 569-1, wi thTv le 'I al> 355-2 21,¡-inch bin). 
RFC! to 11 VC:, inc. — r.f. choke ( Millen 31102). 
Si — 5-position single-pole cerainie switch (Centralab 

25110. 
S2 — 4-section single-pole 4.position ceramic switch 

(Mallory 164-C). 
S3 — Single-section single-pole 4-pod hou  • •swi tell 

(Mallory 161-C). 
S4, Ss — Single-pole 4-;110.i 11,11  • switch, heavy-

duty contact, (Ohiniu, T.5O.1). 
SA, S7 — TWO-Seetion 1/1.11We-1101C .... ceramic 

(Centralab 2511). 
Tt — Filament transformer, 6.3 volts, 4 amp. (Stancor 

P-4019). 
T2 Filament transformer, 5 colts, 10 amp. (Stancor 

P-6135). 

plate circuit is mounted near the rear. between 

the 807 plate cap and the grid connection of 

the 4-125A. The shaft for this condenser is 
brought out to the front panel at an angle by 

means of two National couplings of the " uni-

versal-joint" type. 

Plate voltage for the low-power stages is 
brought in through a safety connector mounted 

on the rear chassis wall near the shield parti-

tion. The high voltage is brought in through 

a similar connector near the 4-125A and its 

screen dropping resistors. Power for the fila-
ment transformers and the fan is supplied 

through a male connector mounted on the left 

side of the rear chassis wall, with a female 
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connector wired in parallel mounted alongside 
to permit the 115-volt source to be transferred 
elsewhere if desired. 

All of the coils in the low-power stages, ex-
cept that used for the 20- and 10- meter ranges 
in the 807 stage, are mounted above deck in 
National Type RO shield cans. The location of 
the three coils and the output links used in the 
final amplifier is shown in Fig. 1347. 
The most important mechanical considera-

tion in building the transmitter is the proper 
location and ganging of the bandswitches for 
the low-power stages. The usefulness of the rig 
will be greatly impaired if the switching system 
becomes balky or develops slippage. Thus any 
amount of time spent in properly mounting the 
switches, and the right-angle drive shaft which 
connects them, is worth while. 

Fig. 1349 shows the location of the more im-
portant holes to be drilled in the chassis. The 
holes marked with an asterisk are those in-
volved in mounting the right-angle drive 
mechanism, and are critical. The others are 
less cru i ical and are included only to serve as 
a guide in construction. 

Drill the hoh•s for the posts which support 
the right-angle drive first. These posts are sup-
plied by t he manu fact ore r, and can be removed 
to facilitate mounting by releasing the Allen 

set-screws. Extreme cam should be taken to 
insure that the holes drilled for the posts are 
lined up at exactly right. angles to the front 
edge of t he chassis, otherwise the entire switch-
ing system will be askew. After the holes are 
drilled, insert the posts, tighten them so that 
they are firm, and slide the drive mechanism 
on them with the " U"-shaped opening point-
ing in the direction shown in Fig. 1351. 
When certain that. t he posts are placed cor-

rectly and t hat the gear box will sli le on them 
with ease, remove the two short shafts that 
hold the bevel gears inside the frame of the 
drive unit. Replace one of these shafts with a 
9%-inch length of M-inch brass or aluminum 
shafting. This piece is to be the main drive 
shaft which runs through the front panel, 
through t he right-angle drive assembly to the 
single-section bandswitch t, which is mounted 
at the rear of the chassis, near the 807. The 
other shaft. is replaced by the shaft of the four-
section bandswitch, S2. Saw off all but 7A  inch 
of this shaft, measuring from the point where 
the shaft eut ers the bushing on the front, of the 
switch. Insert it in the drive mechanism and 
replace the gear so that it meshes with the gear 
on the other shaft of the drive. 
The rear of the four-section bandswitch 

should be supported by a bracket made of 
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Fig. 13,19 — Layout of the top surface of the chassis. The holes marked with an asteri,k are for mounting the right-
angle drive. Others, which are included for the convenience of the constructor, are less critical and may be rearranged 
slightly to suit individual needs. 
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3%-inch aluminum. The dimensions of this 
bracket are shown in Fig. 1350. The rear sec-
tion of the bandswitch is held inch away 
from the bracket by %-inch spacers plus a 
couple of fiber washers. 
The single-section bandswitch used in con-

junction with the 807 stage is supported from 
the rear as shown in Fig. 1351. The rear of the 
ceramic switch wafer should be held about. 1,14 
inch from the chassis wall by small metal 
spacers. 

After the low-power bandswitching system 
has been installed and is operating satisfac-
torily, the mounting holes can be drilled for the 
other parts to be located below deck. The loca-
tion of these parts is nut critical, and can be 
determined from the photographs. 
The fan motor is mounted on one of the 

brackets supplied with the Millen 807-tube 
shield-and-bracket assembly. The bracket it-
self is bolted to the chassis with screws which 
pass through small rubber grommets. This 
mounting, which reduces the amount uf vibra-
tion transferred to the chassis, will be a neces-
sity if the addition of a VF() to this transmitter 
is contemplated. A bottom plate for the 
chassis, with a few vent dating Isoles drilled 
near the rear of the fan motor, should be used 
to insure maximum effectiveness of t he fan. 
Consideralde heat is generated within the 
transmitter, and care must be taken to insure 
an adequate flow of air around the tube base 
to avoid cracking the seals. 
The socket font he 4-I25A is mounted below 

the chassis on finch spacers. Small spring 
contacts, made from shins stock or thin phos-
phor-bronze and formed to contact, the ground-
ing ring on the base of the tube, are fastened 
under the screws that hold the socket in place. 
The tube itself is inserted in the socket through 
a 2 hole in the chassis. This arrange-
ment provides the necessary shiebling between 
plate and grid circuits to prevent oscillation. 
The final tank assembly is constructed as a 

single unit, removable from the chassis, and 
built entirely on the framework of the tuning 
condenser. 'rhe 80-and-40-meter coil form is 
mesmti..1 on the rear frame of the condenser, 
and held away from the frame by Y2-inch 
spacers. The 20- and 10-meter coils are 
mounted on brackets made of 34.-inch poly-
styrene, and are positioned so that the links 
are nearest the front panel. The brackets are 
bolted to the frame of the tuning condenser. 
The two heavy-duty switches are also sup-
ported by these brackets. The shafts of these 
switches are ganged by an insulated coupling. 
The entire tuning-condenser-and-tank-cod as-
sembly is supported by 1-inch ceramic stand-
off insulators and " U"-shaped brackets which 
provide 1-hsch clearance between the rotor 
plates of the condenser and the chassis. 
The output connectors are banana jacks 

mounted on a piece of 14-inch polystyrene 
which replaces one of the two Mycalex bars on 
the tuning condenser. The centers of the jacks 

• 
Fig. 1350 — Dimen-
sions of the angle 
bracket used to support 
the rear of the four. 
section bandswituli. 

• 

are spaced 3% inch to fit a standard banana-
plug assembly. 
The winding specifications for the coils used 

in the low-power stages aré given in Fig. 1348. 
These coils should be wound and mounted be-
fore any of the wiring around the bandswitch 
is started, otherwise the coil leads will be in-
accessible. The coil forms used in the GV6 and 
6N7 stages are mounted about j2 inch above 
the chassis by small spacers. The ceramic form 
used in the 80-and-40-meter coil for the 807 
is held away from the chassis by small angle 
brackets. Where it is necessary to run leads 
from the coils through the chassis, Millen 
ceramic bushings are used. Wiring will be sim-
plified if the bandswitch assembly is removed 
temporarily while the connections around the 
sockets are made. Some of the wiring on the 
bandswitch itself can be done while the switch 
is out of the chassis. All wiring in the band-
switch assembly is done with No. 16 bare 
tinned wire. 
A .1-inch ceramic feed-through bushing is 

used to carry the high-voltage lead through 
the chassis to the plate connection of the final 
tube. The junction of the two screen dropping 
resistors is mounted on this bushing with a 
National OS- 10 stand-off insulator to prevent 
shorting. The ut her ends of the screen resistors 
are supported by two more of these stand-offs 
from the rear chassis wall. 
The low-power stages can be operated from 

the supply shown in Figs. 1340 and 1341. The 
final amplifier is designed for use with 1800 to 
2000 volts on het plate, but as much as 2500 
volts can be used if only c.w. operation is 
planned. If it is desired to run the final in 
'phone service at more than 2000 volts, a 
tuning condenser with wider spacing between 
plates will be required. It should also be noted 
that the 807 stage is designed for operation at 
no more than 450 volts, as this is more than 
enough to secure the output required to drive 
the final. If operation at higher voltage is 
planned, a larger tuning condenser will be re-
quired in this stage. 

After checking the wiring carefully, power 
may be applied to the low-power stages of the 
transmitter. Turn the excitation control to 
maximum and set both bandswitches to the 
10-meter position, one meter switch to the 
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position which reads plate-and-screen current 
in the 6V6 stage, and the other to read grid 
current in the 4-125A. Tune the 6V6 plate 
circuit to resonance as indicated by a slight dip 
in the meter reading. Turn the meter switch 
to read plate current in the 20-meter section 
of the 6N7. The dip in plate current as this 
stage is tuned to resonance should be pro-
nounced. A similar procedure is followed in 
tuning the 10-meter section of the 6N7. Plate 
current in this stage will be considerably higher 
than in the 20-meter section. The dip in plate 
current as the 807 plate circuit is resonated 
should also be pronounced, dropping from 
about 80 or 90 ma. to 30 or 40 at resonance. 
Grid current to the final stage should be meas-
ured at this time. If everything is as it should 
be, there should be at least 10 ma. of grid 
current. If more than 10 ma. is indicated, back 
off the setting of the excitation control until it 
falls to 10 ma. The control exerted by this 
potentiometer is not linear, and it may be 
found that there is little or no change in grid 
current over a considerable portion of the ad-
justment; in fact, the grid current may in-
crease somewhat at first as the control is 
backed off. This is an indication that the drive 
to the 807 grid is excessive, causing its screen 
current to rise higher than normal, and re-
ducing the output of that stage. 
Once the low-power stages have been ad-

justed to give the rated amount of grid drive 
to the 4-125A, plate voltage may be applied to 
the final. When tuning up, reduced plate volt-
age is advisable to prevent the tube from being 
damaged should the Stull tank coil fail to 
resonate. A dummy load — a 200-watt lamp 

Fig. 1351— Bot-
tom view of the 
chassis of the band-
switching transmit-
ter showing loca-
tion of parts and 
wiring. The crystal 
selector switch and 
the sockets for the 
61'6 oscillator and 
the 6V6 buffer-
doubler aro on t 
right. The 6\ 
socket is visible be-
tween the four-
section bandswi tch 
and the 807 mount-
ing bracket. The 
6Y6 protective-
tube socket, the 
meter switches and 
the terminal board 
for the plate- and 
screen-dropping 
resistors are in the 
lower left-hand 
corner. 

bulb, for example — should be connected to 
the output terminals of the transmitter before 
plate voltage is applied to the final. This is a 
"must," since the screen dropping resistance 
must be adjusted to provide rated screen 
voltage with the final loaded. Adjustment un-
der any other condition will be useless. Tune 
the final tank circuit to resonance. The plate 
current at this time, with the load coupled to 
the final, should not exceed 150 ma. It should 
be remembered that the meter reads combined 
plate and screen current, so the screen current, 
which can be read on the other meter, must be 
subtracted from the indicated value to get the 
true plate current. 

If plate current is too high the probable 
reason is excessive screen voltage. The slider 
on the screen dropping resistor should be ad-
justed to apply 350 volts to the screen when 
the tube is operating at full plate voltage, with 
rated grid drive, rated screen current, and 
working at full load. Be sure to remove the 
plate voltage from the final before adjusting 
the resistor! If the plate current is excessive 
after the screen voltage is set at the right value, 
decrease the loading on the final, remembering 
that with a change in loading the screen cur-
rent changes and therefore the screen voltage 
will have to be readjusted. Too much screen 
voltage will result in excessive plate current and 
consequent overheating of the plate. Too much 
grid drive will cause a sharp drop in output 
because the screen current increases with grid 
excitation, in turn reducing the screen voltage. 
Optimum grid drive can best be determined 
under actual on-the-air conditions, using feeder 
current as an indication of maximum output. 
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Operating Voltages & Currents 

in the 4-125A Bandswitehing Transmitter. 

Conditions of measurement: Transmitter tuned for 10-
ma. grid drive to 4-125A. 28-Me. output. Supply volt-
age, 430. Readings obtained with 20,000-ohm-per-volt 
meter. 

Tube 

6F6 

Element Volts Ma. 

Plate 
Screen 

6V6 Plate 
Screen 

6N7 

807 

Plate 1 
Plate 2 

128 1 r 
70 I 

360 t G 
9 

340 12 
300 28 

Plate 
Screen 
Grid 

430 28 
340 3 
-90 

4-125A Plate 
Grid 
Screen 

2000 150 
-200 10 
350 30 

NOTE: PI: te current and screen voltage and current, 
in the 4-1254., are tlependent upon external loading. 
*Less than 1-nia. grid drive to 807 required to pro-

duce 10-ma, drive to grid of 4-125A. 

Those who plan to use the rig on c.w. only 
may find the use of a fixed screen supply more 
satisfactory than the screen-dropping-resistor 
method, although means must be provided to 
remove screen voltage whenever plate voltage 
is removed to prevent damage to the tube. 
The accompanying table gives rep-

resentative voltages and currents 
measured under operating conditions. 
Some variation from these figures can 
be expected depending upon the ac-
tual supply voltages used, but they 
will serve as a general indication, 
useful in checking performance. 
The transmitter may be operated 

with a separate VFO unit as its fre-
quency control by removing the crys-
tal-Oscillator tube from its socket and 
feeding the output of the VFO be-
tween the plate pin of the oscillator 
socket and ground. Adequate drive 
for either ' phone or c.w. operation 
can be obtained on all bands with a 
VFO such as that described in Fig. 
1352. 

Fig. 1352— The complete VIO unit. The 
oscillator is housed in a separate compart-
ment which is shock-mounted on rubber 
grommets. The oscillator tube is on top of 
the compartment. To the rear are the two 
6F6 amplifier tubes, the V R tube, the rectifier 
and the power transformer. In front are the 
stand-by switch, the power switch, pilot lamp 
and the two keying jacks. The output termi-
nals are to the right. 

It should be noted that this method is satis-
factory only in cases where direct coupling will 
not short-circuit the plate supply. In other 
cases, the VFO should be coupled through a 
0.001-mfd. blocking condenser. 

11. A Simple VFO Crystal Substitute 

Figs. 1352, 1354 and 1355 show different 
views of a VFO unit with sufficient power out-
put to drive the average crystal-oscillator tube. 
As the circuit diagram of Fig. 1353 shows, it 
consists of a 6SK7 ECO followed by a pair of 
6F6s as isolating amplifiers. The primary fre-
quency range covered by the oscillator is 
3500-4000 kc., but this range may be shifted 
lower to cover 3395-3800 kc. for multiplying 
to cover the frequencies in the 10- and 11-
meter bands by readjustment of the band-
setting condenser, C2. Plate and screen voltages 
are provided by a small built-in voltage-regu-
lated power supply. Only the plate of the out-
put tube is operated at the full power-supply 
voltage, the voltage of the rest of the plates 
and screens being limited to 150 by the Vit 
tube. 
Construction — The oscillator portion is 

constructed as a separate unit in a standard 
3 X 4 X 5-inch steel box. The tuning con-
denser, CI, and the coil form for Li are fastened 
to the rear wall of the box. Ci is coupled to the 
National Type AM dial by a short extension 
shaft and a flexible coupling. The band-setting 
air condenser, C2, is mounted against the right 
side of the box near the lower rear corner where 
it can be adjusted from the outside with a 
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651(7 

115V. A.C.  x 
Ry 

Ci — I 00-gpfd. variable (Hammerlund MC.I ()OS). 
— 75-jodd. variable ( Ilamitiarlund APC75). 

Qi_220-mpfd. zero-temp.-cod. mica. 
CS zero-temp.-con. mica. 
Cs, Cs, Cm, Ci3 — mica. 
Cs. Cs, Cs, C11, Cl2 — 0.01-ad. paper. 

CI5— 450-volt electrolytic. 
Iii, R2 — 47,000 ohms, t,¡ watt. 
lia — 0.1 megohm, matt. 
114 — 220 ohms, 1 watt. 
Rs — 5000 ohms, 25 watts. 

screwdriver to set the beginning of the tuning 
range. The tube is mounted externally on top 
of the box where it will be well vent Hated and 
where its heat will have minimum effect upon 
the tuned circuit. The coupling lead between 
the plate of the oscillator tube and the grid of 
the first 61'n is made with flexible wire passed 
through National TPI3 polystyrene bushings. 
one in the oscillator compartment and one in 
the base chassis, the rigid wire which comes 
with t he bushing having first been removed by 
warming with a soldering iron. The power and 
keying leads are brought out in a similar man-
ner through holes lined with rubber 
grommets. The oscillator box is shock-
mounted by means of long machine 
screws at each corner of the bottom 
plate. The screws pass through groin-
met-lined holes in the top of the 
chassis. 
The base chassis is 5 X 10 X 3 

inches. The two 6Ffis are mounted 
on either side of the chassis immedi-
ately behind the oscillator compart-
ment. Underneath, the filter choke 

Fig. 1354— Bottom view of the VFO  t 
showing the filter choke and the various r f. 
chokes and byliass condensers associated 
with the amplifiers. 

ic 4 

6F6 

L, 

1‘00 0 Pi  

C,, 

6,6 

VR-150 - 30 

Output 

ro 

ERFC, 

Fig. 1353 — Circuit diagram of the simple VFO. 

— 17 turns No. 20 enam., PA inches long, 1-itch 
diam., tapped 5 turns from ground end. 

1.2 — 30 by., 50 ma. (Stancor C-1003). 
1.12 — Closed-circuit jack. 
FC), It PCs — r.f. 

RFC2 — Millen 47002 ( q-inch diam. by 2;1.4 inches 
long) polystyrene form wound full with No. 30 
d.s.c. wire. 

Si, SS — S.p.s.t. toggle switch. 
T — 340 volts each side center, 55 ma.; 5 v., 2 a.; 6.3 v., 

11¡ amp. 

is fastened against the side of the chassis in the 
left rear near the two filter condensers, CIS and 
CIS. The two plate r.f. chokes, RFC2 and /at's, 
are mounted near their associated tube sockets. 
On t he front edge are the control switches, Si 
for power, and S2 which is the stand-by switch, 
cutting off plate voltage to all stages. Termi-
nals in parallel with S. are mounted in the rear 
edge of the chassis to connect to a send-receive 
relay if this is found desirable. The output ter-
minals are set in the right-hand side. 
Adjustment — The resistance of R6 should 

be adjusted experimentally so that the V11. 
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Fig. 1355 — Bottom view of the oscillator 
compartment. The tuning condenser and the 
coil are fastened to the rear wall of the boy, 
while the air trimmer is mounted on the lower 
end in the photograph. The small cone in-
sulator supports the coupling lead to the first 
amplifier stage. 

tube is ignited with this key either 
closed or open. If the glow disappears 
when the key is closed, the resistance 
of R1 should he reduced. With the dial 
set for maximum capacitance of Cn 
C2 should be adjusted with a screw-
driver to set the frequency at 3500 
kc. (3395 if the VFO is to be used for 
10- and 11-meter operation). CI should 
then cover the range to 4000 kc. (or 
3800 kc.). 

Coupling to the crystal oscillator in most 
transmitters is simply a matter of running a 
wire from the " hot" output terminal ( the 
terminal connected to the plate of the output 
tube through C13) to the grid of the oscillator 
tube, and the other output terminal to the 
chassis of the transmitter. In Tri-tot and grid-
plate oscillator circuits, the cathode tanks 
should be short-circuited. In triode or tetrode 
crystal-oscillator circuits using parallel plate 
feed, it may be necessary to shift to series feed 
to prevent low-frequency parasitic oscillation 
because of the r.f. chokes in both the input 
and output circuits. In Pierce circuits, the 
oscillator tube may be fed as a grounded-grid 
amplifier by connecting the output terminals 
of the VFO in series between the cathode and 
the biasing resistor and by-pass. As an alter-
native, in this type of circuit, the oscillator 
tube may be eliminated and the VFO fed to 
the grid of the next tube. 
Keying — Best keying characteristics will 

be obt%ined by keying the output stage al-
though a second keying jack, Ji, is included 
for use if break-in operation is necessary. Since 

the key would be at 150 volts above ground, a 
keying relay or vacuum-tube keyer should be 
used here to avoid the danger of shock. In • 
keying the oscillator, any key-click-filter lag 
should be kept at the minimum required for 
satisfactory click suppression, to avoid chirps. 
Usually, r.f. chokes only at the relay terminals 
will be sufficient. As much lag as is desired can 
be used when keying the output stage, since 
keying at this point does not affect the fre-
quency. 
The oscillator draws 8 ma. in the plate cir-

cuit and 3 ma, in the screen circuit. The plate 
current of the first amplifier should run about 
15 ma. with the oscillator key closed and 32 
ma. when excitation is removed. The output-
stage currents should be 17 ma. with excitation 
anti 25 ma. without excitation. 

El A Push-Pull Amplifier for 200 
to 500 Watts Input 

Figs. 1356, 1357 and 1359 show various 
views a a compact push-pull amplifier using 
tubes of the 1560-volt 150-ma, class, dthough 

Fig. 1356— A general view of the 
compact 450-watt push-pull ampli-
fier. showing the front-panel and top. 
of-chassis arrangement. Mounted on 
a standard relay rack, the height is 
only 7 inches and the depth 9 inches. 
Grid and plate tank circuits are iso-
lated from each other by the double 
shielding partitions. On the panel are 
the 0-100-ma. milliammeter, which is 
switched to read current in allcircuits, 
the plate-tard, t toting dial, and a chart 
giving coil and tuning data. The small 
knob at the left below is the grid. 
circuit tuning control, while the one 
to the right is for the meter switch. 
The tube sockets are mounted adja-
cent to the stator terminals of the 
plate-tank condenser, C2, in the cen-
ter, with the neutralizing condense's 
between, providing short leads. 
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/.9.57 — All components of the 
450-watt push-pull amplifier are as-
sembled around a small metal chassis 
7 X 2 X 9 inches deep. The parti-
tions are standard 65% X 10-iiielt in-
terstage shields. The plate tank con-
denser is mottoted on the left-hand 
partition. The plate tatik-enil jack. 
ha r is m JJJJJJ ted centrally, opposite the 
(991.1,1 ,er, on spacers which give !4.-
i rich clearance between the strip and 
the partition. Cut is mounted with a 
small angle bracket on the partition 
under the center of C2. The socket for 
the grid tank roil is mounted just 
above the chassis line. Millen safety 
terminals are used for the external 
high-voltage plate and bias cotillee. 
2i0116. 

• 
t le design is also suitable for use with-tubes of tank e ils, may be used. 
the 1000-volt 100- ma. class. With the lower The cireuit, shown in Fig. 1358, is quite con-
plate voltages a plate tank condenser with a ventional. with link coupling at both input and 
spacing between plates of 0.05 inch, and smaller output. The tuned circuits, L3C6 and L4C5, are 

traps important for the prevention of V.h.f. 
Cs parasitic oscillations. The 160-ma. meter may 

be shifted between the grid and cathode cir-
cuits for reading either grid current or cathode 
current. When shift ed to read cathode current, 
1 he meter is shunted by a resistor, R2, which 
multiplies the scale reading by five. This 

resistor is wound with No. 26 cop-
per wire, the length being deter-

OUTPUT mined experimentally to give the 
o o  desired scale multiplication. 

L2 Censtruction — The mechanical 
arrangement shown in the photographs results 
in a compact unit requiring a minimum of 
panel space. The tank condenser is mounted on 
the left-hand partition (Fig. 1357) at a height 
which brings its shaft down 25% inches from the 
top of the panel. The plate tank-coil jack 
bar is mounted centrally with the condenser on 
spacers which give a 5%-inch clearance be-
tween the strip and the partition. C10 is 
mounted with a small angle on the partition 
under the center of C2. Leads from both ends 
of I he rotor shaft are brought to one side of 
Cut for symmetry. • 
The two tube sockets are mounted in a line 

through the center of the chassis and at op-+-Mt 

75 V. 

Fig. 1358— Circuit diagram of 
— 100 add. per section, 0.03-inch spacing ( 11am-

marlund 111'1 I ) 400-11). 
C2— 100 mufti. per section, 11.07..ineh spacing ( 11am-

marlund 111S1)-100-1'. 
C2., C4 — Neutralizing condenser (National NC-800). 
C5.. C6 — 3-30-pafil. mica trimmer (National M-30). 
C7, CR, C9 — 0.01-pfd. mica. 
C10 — 0.001-pfd. mica, 7500-volt rating (Aerovox 1653). 
Iii — 22 ohms, 1 it att. 
112— Meter multiplier re4stanec for 5-time multiplica-

tion, wound with No. 26 it ire. 
Li — B JCI, series, dimetu-ions as follows: * 

3.5 Mr. — II turns No. 20, 2, inches long. 
7 11c. — 26 turns No. 16, 23 , inches long. 
14 Mc. — li turns No. 16, 1;à inches long (remove 
2 turns front B & 

28 Mc. — 6 turns No. 16, 17i inches long (remove 
2 turns from B & W coil). 

the 450-watt push-pull amplifier. 
L2 & W TC1. series, dimensions as follows: 6* 

3.5 Mc. — 26 turns No. 12, 3j4-inch diam., 45% 
Inches long. 

7 Me. — 22 turns No. 12, 2M-inch diam., 45% 
inches long. 

14 Me. — 10 turns No. 12, 2M-inch diam., 
inches long, retnieve one turn from each end. 

28 Me. — 1 turns copper tithing, 2 
thain., 41':t inches long. Remove one turn from 
earls end. 

L7. 1.4 — 4 turns No. 14, 5%-inch diam., .34 inch long. 
M 1 -- 100-ma. milliammeter. 
RFC — I-nd. r.f. choke (National R-1541J). 
S — 2-section 2-position rotary switch. 

* 111 1 diam., 3-turn links. 
** All coils litted with 2-turn links. 
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• 

Fig. 1359 — Bottom view of the .150. 
watt push-pull amplifier. The grid 
tank condenser is mounted between 
the two tube sockets which are set 
below the chassis on brackets. Con-
nections between the condenser 
terminals and the coil socket above 
pass through grommet-lined holes in 
the chassis. The partitions provide 
shielding between input and output 
tank coils. 

• 

posite ends of the plate tank condenser. They 
are spaced about one inch below the chassis 
on long machine screws. The neutralizing con-
densers are placed between the two tubes, so 
that the leads from the plate of one tube to the 
grid of the other are short. The r.f. choke is 
mounted just above the tank condenser. 
The right-hand partition is cut out at the 

forward edge to clear the meter. This cut-out 
can be readily made with a socket punch and a 
hacksaw. The socket for the grid tank coil is 
mounted -ft2" inches behind the panel, just 
above the chassis line. 
The grid tank condenser, C1, is mounted 

under the chassis without insulation. Large 
clearance holes, lined with rubber grommets, 
are drilled for connecting wires which must be 
run through the chassis or partitions. The para-

sitic traps are made self-supporting in the 
plate leads from the tank condenser to the 
tube caps. The panel is placed so that the 
plate tank-condenser shaft comes at the center. 
The meter switch is mounted to balance the 
knob controlling C1. 
Power supply and excitation—The T-40 

tubes shown in the photographs operate at 
a maximum plate voltage of 1500 for c.w. 
work. For this, the unit shown in Fig. 1360 
is suitable. The supply shown in Fig. 1326, 
minus the VR-tube branch, will provide the 
biasing voltage required for plate-current cut-
off. R2 should have a resistance of 2500 ohms 
and R3 of 1500 ohms. A filament transformer 
delivering 7.5 volts at 5 amperes also will 
be required. The exciters of Figs. 1311 or 1331 
will furnish adequate drive. 

Fig. 1360 — This power supply delivers 1500 or 1250 volts at a full-load current of 425 ma., with 0.25-per-cent 
ripple and regulation of 10 per cent. Voltages are selected by taps on the transformer secondary. The secondary 
terminal board is covered with a section of steel panel supported by brackets fastened underneath the core 
clamps and insulating caps are provided for the tube plate terminals. A special safety terminal (Millen) is used 
for the positive high-voltage connection. The panel is loq x 19 inches and the chassis size is 13 X 17 X 2 
inches. The circuit for this supply is shown in Fig. 1313. The following values should be used: 

C1, C2 — 4-efel. 2000-volt paper (C-D T.; U20040). 
R — 20,000 ohms, 150 watts. 
Li — 5/20 hv., 500 ma., 75 ohms (Stancor 

C110.5). 
L2 — 8 by., 500 ma., 75 ohms (Stancor 

Ci415). 
Ti — 1820 or 1520 volts r.m.s. each side of cen-

ter-tap, 500-ma. d.c. (Stancor Type 
P6157). 

T2 — 2.5 volts, 10 amp., 10,000-volt insula-
tion (Stancor Type 1'3025). 

For a 1000-volt supply, the following values 
are suggested: 

Ci, C2 — 4-pfd. 1500-volt paper (Aerovoz 
1505). 

R — 30,000 ohms. 50 watts. 
Lt — 8/30-hv. filter input choke, 250 ma. 

(Stancor C-1702 ). 
L2 - 15-hv. filter smoothing choke, 250 ma. 

(Stancor C-1703). 
Ti — 1250 or 1000 volts r.m.s. each side of 

center-tap, 250 ma. (Stancor P-1.)30)„ 
T2 - 2.5 ohs, 10 amp. (Stancor P-3025). 

• 
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Fig. 1361 — A link-coupled antenna-tuning unit for use 
with resonant feed systems and medium-power ampli-
fiers. The inductance, with variable link, is mounted on 
the condenser frames. Clips are provided for changing 
the number of turns and for switching the condensers 
from series to parallel. 'lite panel is 5% X 19 inches. 

Tuning — After the amplifier has been neu-
tralized, a test should be made for parasitic 
oscillation. The bias should be reduced until 
the amplifier d r: ws a plate et rrent of about 100 
nia. without excitation. With C1 adjusted to 
various settings, r2 should be varied through 
its range and the plate current watched closely 
for any abrupt change. Any change will indicate 
oscillation, in which eaSe C5 and C6 should 
be adjusted simultaneously in slight steps until 
the oscillation , lisappears. Unless the wiring 
differs appreciably from t he on complete 
suppression will lie obtained with the two con-
densers at full capacity. Changing bands should 
have no effect upon this adjustment. 

With normal bias replaced, the amiilifier 
should now be tuned up and the excitation 
adjusted so that a grid current of 60 ma. is ob-
tained with the amplifier fully loaded. Full load-
ing will be indicated when the cathode-current 
meter registers 360 ma., which includes the 
60-ma, grid current. Under these eonditions the 
biasing voltage should rise to 150 volts, drop-
ping to about 70 volts without excitation when 
the plate current will fall to almost zero. 

If the amplifier is to be plate-modulated, the 
plate voltage should be reduced to 1250 and 
the loading decreased to reduce t he plate 
current to 250 ma. The same bias-supply ad-
justment will be satisfactory for this type of 
operation but excitation may be reduced to 
give a grid current of 40 ma., bringing the total 
cathode current to 290 ma. The antenna tuner 
shown in Fig. 1361 may he used. 

Operating conditions for tubes of other char-
acteristics will be found in Chapter Twenty. 

(1 Antenna Tuner for Medium Power 

The antenna tuner shown in Fig. 1361 will 
usually be satisfactory for amplifiers operat-
ing at plate voltages not in excess of 1250. 
The two condensers are mounted front the 

panel by means of insulating pillars taken 
from National GS-1 insulators, which are 
fastened to the end plates with small sections of 
machine screws from which the heads have 
been eut. The variable link coil is mounted be-
tween the two rear end plates. The size of the 
coil is varied by short-circuiting turns, using 
clips which are attached to the condensers with 

aapier 5hirteen 
flexible leads. As shown by the circuit dia-
gram, Fig. 1362, the condensers are connected 
in parallel when the second pair of clips connects 
each rotor to the stator of the opposite con-
denser. The feeders are connected to the two 
large stand-off insulators mounted on the panoL 

IC, A Compact 450-Watt•Push-Pull 

Prmplifier 

The photographs of Figs. T363, 1365 and 
1366 show an amplifier designed along the 
lines of the type of construction often referred 
to as " dish type." This style of construction 
has many advantages, although its use nor-
mally is confined to components of moderate 
physical dimensions and weight. 

FROM 
XMTR. 

CI 

C2 x 

2 
arms 

Fig. 1362 — Cireuit diagram of the link-coupled an-
tenna tuning unit for use with medium-power transmit-
ters. 
C1, C2 — 10 0-pafil. variable,0.07-inch spacing (National 

TN C. loo). 
—  22 turns NO. 11, diaM. 2% inches, length 4 inches 

(Coto with variable link). 
L2— 4 turns, rotating inside Li. 
A — 11.f. ammeter. 0-2.5-ampere range for medium. 

power transmitters. 

The tank coils may be mounted so that very 
lit Ile metal of the normal rack structure is in 
the immediate fields of the tank coils — a 
condition almost impossible to approach in the 
usual form of construction with metal panels 
and side brackets. Plug-in coils are made 
much more accessible for changing and the 
direction of " pull" in removing coils is out,-

Fig. 1363 — The three controls of the 450-watt "dish-
type- amplifier are arranged symmetrically. The meter 
switch is at the right, the control for the plate tank con-
denser at the center and the grid-circuit control at the 
left. The panel which is 8% X 19 inches is fitted with 
panel bearings for the condenser-shaft extensions. It is 
fastened to the chassis by flat-head serews after the 
bottom edges of the chassis have been drilled and tapped. 
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Fig. 1364 — Circuit diagram of the "dish-type" posh-pull 450-watt amplifier. 

CI — 100 , fa. per section (Dammarlund MCD100‘1). 
100 pgfd. per section (Cardwell MT100GD), 0.07. 
inch spacing. 

Ci, C4 — Neutralizing condenser, 10 to 15 ppfd. (Ham-
marlond N10). 

CS, C6 — 170-um fd. 600-volt mica. 
C7, Cs, C3, CIO 0.01-pfd. 600-volt paper. 
Cu — 0.002-pfd. 5000-volt mica. 
RI, Rz, R3 — 22 to 47 ohms, 2 watts. 
R4, R5, Ro— Cathode.current meter shunts (see text). 
Li — National AR series coils with center link (variable. 

link type recommended). 
Substitute coils may be wound on 1%-inch diam. 

form as follows: 

ward away from the rack rather than upward 
into the next rack unit above. Terminals may 

be mounted so that the wiring between rack 
units may be made inconspicuous and so that 
the chances of personal injury from accidental 
contact with exposed terminals at the rear are 
greatly reduced. Lastly, this form of construc-
tion usually reduces the required height of the 
unit which is a particular advantage in table 
racks where vertical space is at a premium. 
The circuit of the amplifier shown in the dia-

gram of Fig. 1364 is standard in every way ex-
cept in the method of metering. By means of 
the two-gang six-position switch, it is possible 
to measure the individual grid and cathode 
currents of each tube as well as total grid or 

total cathode currents. To accomplish this, 

3.5 — 4-t turns, 2 inches long. 
7 Mc. — 22 turns, 2 inches long. 
14 Mc. — RI turns, I inches long. 
28 Mc. — 6 turns, I 42 incite:. long. 

1/2 — It & W T1, series with center links. 
Substitute coils may be wound as follows ou 2 

diam. forms: 
3.5 sic. — 36 turns, 4 inches long. 
7 Me. — 18 turns, 4 inches long. 
14 Me. — 10 turns, 3 inches long. 
28 Mc. — 6 turns, 3 inches long. 

RFC: — 2.5-mh. r.f. 
RFC2— r.f. choke (National 17,1-1T). 
S — 2.gang 6-position rotary switch (Mallory). 

'Fa — 6,3 volts, 6 amp. 

two small filament transformers are used, one 

for each tube, instead of a single large trans-
former. The meter is switched across shunting 
resistances in each circuit to simplify switch-
ing. In the cathode circuits, the shunting re-
sistors should be carefully adjusted to provide 

a scale multiplication of ten, giving a full-scale 
reading of 1000 ma. 

In doing the r.f. wiring, care should be taken 
to keep it as symmetrical as possible. In form-
ing the long wires between the neutralizing 
condensers and the tank-condenser stators, the 
lengths should be made identical. The wire 
connecting to the rear condenser stator should 
go directly in a straight line, while the one 

going to the front stator section may be bent 
to make up for the difference in distance be-
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tween the neutralizing condensers and the two 
stators. The plate leads to the tubes should be 
tapped on these long wires at points which will 
make the wire length between neutralizing 
condenser and plate and between tank con-
denser and plate equal on each side. 
The positrve high-voltage lead, run inside 

the chassis with high-voltage cable, comes up 
through a feed-through insulator near the 
plate choke. 
The rotors of the grid tank condenser are 

not grounded, since experience has shown that 
an amplifier of this type usually neutralizes 
more readily without the ground connection 
and excitation usually divides more evenly be-
tween the two tubes. 
The leads from the neutralizing condensers 

to the grid terminals are crossed over before 
they pass through small feed-through points 
mounted in the partition:The grid.r.f. chokes 
are self-supporting between the tube grid 
terminals and the feed-through points in the 
chassis which carry the biasing leads inside to 
the individual grid leaks. Filament wires are 
run through 3/8-inch holes lined with rubber 
grommets. 

Fig. 1366 — The plate tank-coil jack 
strip of the 450-watt push-pull ampli-
fier is fastened to the tank-condenser 
frame with strip-metal brackets. The 
assembly, mounted on 5/8-inch stand-
off insulators is placed at the center 
of the chassis as far to the left as pos-
sible. The condenser shaft is extended 
at right angles through the bearing in 
the center of the chassis by means of 
two Millen 45-degree shaft joints con-
nected together by a short length of 
bakelite shafting. The sockets for the 
tubes are submounted on the 6 X 8-
inch partition, 3 Y2 inches up from the 
chassis and 1341 inches front each edge 
and are orientated so that the plates 
of the tubes will be in a vertical plane. 

Fig. 1365 — The grid-circuit com-
ponents of the "dish-type" 450-watt 
amplifier are mounted on this side of 
the partition which is braced by 
standard 5-inch triangular brackets. 
The tank condenser is mounted by 
means of a screw in the hole which 
remains when the shield between the 
stators is removed. The ceramic ter-
minal strip is for all external connec-
tions except for positive high voltage 
for which a special safety terminal is 
provided. A large clearance hole 
should be cut in the chassis for the 
condenser shaft. The shaft, which 
should come at the center line of the 
chassis, should be provided with a 
flexible insulating coupling. 

Inside the chassis, the leaks and meter 
shunting resistances are supported on fiber 
lug strips. The leads going to the switch 
should be soldered in place, formed into cables 
and the other ends connected to the switch on 
the panel as the last operation before putting 
the panel in place. 

This amplifier is suitable for use with any 
of the 1000-volt 100-ma. to 1500-volt 150-ma. 
triodes. Those shown in the photographs are 
812s. 

For 1500-volt tubes, the power supply shown 
in Fig. 1360 is suitable for use with this am-
plifier and bias may be obtained from a unit 
such as the one shown in Fig. 1327. The bias-
supply resistor should be adjusted so that the 
total grid voltage under operating conditions 
will not be less than 125 volts without exceed-
ing the maximum grid-current rating of 25 ma. 
per tube when the amplifier is loaded to rated 
plate current. 
The amplifier requires a driver delivering 

25 to 40 watts. Those of Figs. 1311 and 1331 
are suitable. 

If the layout and wiring have been followed 
carefully, no difficulties should be encountered 
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Fig. 1367 — Top view of the band. 
switching amplifier. The plate-tank 
switching assembly is to the right. 

in neutralizing nor with parasities. 
Both grid and plate currents should 
check the same within ten per cent. 
The meter when switched to read 

grid current forms a good neutralizing 
Indicator. Bulb inJutraliging condQii,,-
ers should be kept at equal settings 
and adjusted simultaneously until t he 
grid current remains perfectly steady 
as the plate tank condenser is tuned 
through resonance. Neutralizing is 
always done with plate voltage re-
moved. 
A suitable antenna tuner will be found in 

Figs. 1361 and 1362. 

II A 450-Watt Bandswitching Amplifier 

Figs. 1367, 1369 and 1370 show the details 
of a bandswitching push-pull amplifier for the 
3.5-, 7-, 14- and 28-Mc. bands. It is suitable for 
use with any of the popular 1000- or 1500-volt 
100- to 150-ma. triodes. The tubes shown in the 
photographs are 812s. 
As shown in the circuit diagram of Fig. 1368, 

all of L1 in the grid tank circuit and all of L4 
in the plate tank circuit are used for 3.5 Mc. 
Low-frequency padders, C1 in the grid circuit 
and Clo in the plate, are switched across the 

ke  

80 

80 

5 

-7 

Q 

IISV.A.C. 

coils simultaneously. For 7 Mc., the padding 
condensers are cut out and L1 and L4 are 
tapped so that only a portion of each coil is in 
use. At 14 Mc., the coils L2 and L3 are used 
with the padders, while at 28 Mc. the same 
coils are used without the padders. Links for 
the two coils in each tank circuit are connected 
in series. 
The components are assembled on a stand-

ard 19-inch panel, 10M inches high. The two 
tubes, the neutralizing condensers and L2 are 
mounted on top of a 5 X 10 X 3-inch chassis 
fastened to the panel with its center 7 inches 
from the left-hand edge and its bottom edge 

inch above the lower edge of the panel. The 
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Fig. 1368 — Circuit diagram of the bandswitching push-pull amplifier. 

Ci— 30-ppfd. variable, 0.07-inch spacing (Cardwell 
ZT-30.AS). 

C2— 0.001-pfd. mica. 
C3 — 35-ppfd.-per-section variahle (Millen 2-1035). 
CI, Ca — 0.01-pfd. paper. 
Ce, C7 — Neutralizing condenser (National NC-800). 
C8 — 0.001.51d. 5000-volt mica. 
C8 — 65-pail-per-section variable (llammarlund 11FBD-

65-le). 
Cio — 50-ppfd. vacuum capacitor (Type GE GLAL38). 

-1 

5, 

44) 

Lt — B & W 80BCL. tapped at 12th turn from each end. 
L2 — 10 turns No. 14 enameled, 1,I(pinch diam., 1 inch 

long. 
L3— B & W 10TCL. 
La — B & W 80'l'CL reduced to 24 turns, tapped at 3rd 

turn from each end. 
RFC] — 1-rolt. r.f. choke (National 11-154U) 
Si, S2 — 4-gang 4.position ceramic rotary switch (Mal-

lory 164-C). 
Ti — 6.3 volts, 8 amp. (UTC S61). 
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tubes are spaced 5Yt inches, center to center, 
and their sockets are submounted and cen-
tered 1U inches from the right-hand edge of 
the chassis as viewed from the rear. L2 is 
wound on a polystyrene form mounted on a 
National AR coil-plug strip. Its socket is cen-
tered between the tubes and inch from the 
edge of the chassis. A 53/1 X 2-inch cut-out is 
made in the outside edge of the chassis to clear 
the grid bandswitch, SI. A 1%-inch piece of 
the cut-out is left and bent inward at right 
angles to provide a mounting for the switch. 
The coil for L1 is removed from its plug strip 
and transferred to a Millen plug strip which 
has the required additional contacts for the 
7-Mc. taps. The cut-out is notched at the top 

• 

Fig. 1370 — Rear 
view of the hand. 
switching amplifier. 

Fig. 1369 — Bottom 
view of the band. 
switching amplifier 
showing the grid-
circuit assembly to 
the right and the 
plate-circuit group 
to the left. 

to provide clearance for the terminals of the 
coil socket. 

Underneath the chassis, C9 is mounted 
vertically on spacers at the center, while the 
grid tuning condenser, C3, is mounted as close 
to the inside edge as possible. Leads between 
the lower terminals of the neutralizing con-
densers and the grid terminals of the tube 
sockets are fed down through the top of the 
chassis via small feed-through insulators. Link 
input terminals are mounted on the outside 
edge of the chassis, near the rear, while 115-
volt a.c. and biasing connections are made 
through a cable socket set in the rear edge. 
The filament transformer is mounted on the 
upper right-hand corner of the panel, as 
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• 

Fig. ¡371 — A single-tube high-power 
amplifier for high-voltage inputs up 
to SOO watts. The standard rack panel 
is 12% inches high. 

• 

viewed from the rear of the unit. 
The plate tuning condenser, C3, is mounted 

on aluminum-strip brackets fastened to the 
chassis to bring its shaft SU inches from the 
right-hand edge of the panel (as viewed from 
the front) and 234 inches from the top. Alumi-
num sheet is cut to form end plates for a sub-
assembly which includes the switch, S2, the two 
coil sockets, and a mounting for the padder, 
C10. As viewed from the rear, L4 is to the left 
and L3 to the right. Pillar-type ceramic in-
sulators form spacers for the mounting angles 
which support the cartridge-fuse clips in which 
the vacuum-type padding condenser, C10, is 
mounted. The assembly is spaced from the 
panel on 1 Vt-inch cone stand-offs, placed so 
that the shaft comes 534 inches from the right-
hand edge of the panel and 2U inches below 
the top edge. The Millen safety terminal for 
the high-voltage connection, the link output 
terminals and the insulating condenser, CS, 

are fastened to the rear end plate of the as-
sembly. The plate r.f, choke is fastened to the 
panel between the plate tank condenser and 
the switch assembly. 

For 1500-volt operation the plate supply 
shown in Fig. 1360 is suitable. The same circuit 
with the 1000-volt values is appropriate for 
lower-voltage tubes. If 1500-volt tubes are to 
be used, the exciter should be capable of de-
livering 25 to 30 watts. The units shown in 
Figs. 1311 and 1331 are suggested. The same 
exciters, with the 807s operated at lower voltage 
if desired, may be used also to drive the smaller 
tubes. The antenna coupler of Fig. 1361 is 
suitable for use with either class of tubes. 

e A Single-Tube 500-Watt Amplifier 

A single-tube amplifier which may be oper-
ated at inputs up to 500 watts at voltages as 
high as 3000 is shown in Figs. 1371, 1372 and 
1374. 'rhe circuit, shown in Fig. 1373, is strictly 

Fig. 1372 — Rear view of the 
high-power single-tube ampli-
fier. The two tank condensers 
are mounted, one above the 
other, in the center of the 
panel by means of Isolantite 
pillars from stand-off insula-
tors. Four National Type GS-2 
insulators are used to support 
the plate tuning condenser, 
while three Type CS-I in-
sulators are used for the grid 
tuning condenser. Insulated 
flexible couplings and panel 
bearings are used on each 
shaft to insulate the controls. 
One of high break-down volt-
age rating should be used 
for the plate condenser, and 
Me panel homilies must be 
grounded! The socket for the 
grid tank coil is mounted, us-
ing insulated spacers and a 
small metal plate as a base, on 
the rear end plate of CI. Metal 
strips, also fastened to the 
end plate, support the input-
link terminal strip. The insu-
lating by-pass condenser, C4, 
is mounted just to the right of 
C2. 
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is shown in the photographs, almost any other 
tube of similar physical size and shape which is 
designed to operate at plate voltages of 3000 
or less may be used in the same circuit arrange-
ment. 
Power supply and tuning — The plate 

power supply shown in Fig. 1343 may be used 
with this unit. Bias may be obtained from the 
unit shown in Fig. 1327. For this purpose, the 
VR-75-30 branch may be omitted and a single 
resistor of 5000 ohms connected across the out-
put of the pack, with the bias lead connected 
to the extreme negative end of the resistor. 
The transmitter shown in Fig. 1331 should 

provide sufficient excitation. 
An amplifier operating at high voltage 

should always, after neutralizing, be tuned up 
at reduced plate voltage. This may be obtained 
by connecting a lamp bulb in series with the 
primary of the plate transformer. Coupling 
between the exciter and the amplifier should 
be adjusted so that the grid current does not 
exceed 40 to 50 ma. with the amplifier tuned 
and loaded to the rated plate current of 167 
ma. Power output of 225 to 300 watts should 
be obtainable on all bands at plate voltages 
from 2000 to 3000. 
The tube tables in Chapter Twenty should 

be consulted for data on the operation of other 
tubes suitable for use in this amplifier. 

Output 

Fig. 1373 — Circuit of the 500-watt input amplifier. 
Ci — 250-ppfd. variable, 0.017-inch spacing (National 

TM K -250 ). 
C2 — 100 ppfd. per section, 0.171-inch spacing (National 

TMA-100-DA). 
Ca — Neutralizing condenser (National NC-800). 
C4 — Iligh-voltage condenser, 0.001-pfd. mica, 12,500-

volt rating (Cornell-Dubilier 21A-86). 
Cs, Ca, C — 0.01-pfd. mica. 
Li — 3.5 Mc. — 26 turns No. 16, 114-inch diam., 2.14 

inches long, 3-turn link (B & W JCL40). 
7 Mc. — 16 turns No. 16, 1 ! diam., FY8' 

inches long, 3-turn link (B & W JCI.20). 
14 Mc. — 8 turns No. 16, 11/2-inch diam., 

inches long, 3 turn link (B & W JC1,10). 
28 Mc. — 6 turns No. 16, 1 g-inch diam., 1 

inches long. 2-turn link (B & W JCLIO, 1 turn 
removed from each end). 

L2 — 3.5 Mc. — 26 turns No. 12, 3 q-inch diam., 4M-
inches long, 2-turn link ( 11 & W TCI.80). 

7 Mc. — 22 turns No. 12. 2 4-inch diam., 0/2' 
inches long, 2- turn link ( 11 & W Tu.«. 

14 Mc. — 12 turns No. 12, 2Va.incli diam., 4 t4 
inches long, 2-turn link & W 1C1.20). 

28 Mc. — 6 turns q-inch copper tubing, 2 ! 1i.-inch 
diam., 41A inches long, 2-turn link (B & W 
TC1,10). 

RFC — 1-mh. r.f. choke, 300 ma. (National R-300IJ 
mounted on GS-1 insulator). 

T — Filament transformer, 5 volts, 8 amp. (Thordarson 
T-191:84). 

conventional, with link coupling for both input 
and output circuits. While a Type 100TH tube 

Fig. 1374 — Bottom view 
of the single-tube 500-watt 
amplifier. In the lower 
right-hand corner of the 
panel is fastened a chassis 
9 J/2 X 5 X It/al inches, on 
which are mouiated, in line, 
the filament transformer, 
the tube socket and the 
neutralizing condenser. A 
chassis of similar size to 
the left supports the plate 
tank coil and the output-
link terminals. A large 
feed-through insulator in 
the rear edge of this chas-
sis serves as the high-volt-
age terminal. In i% Wing the 
amplifier unit, the impor-
tance of well-spaced leads 
carrying high voltage can 
not be stressed too greatly. 
It must be remembered 
that the arcing distances 
and break-down capabili-
ties of voltages as high a-
3000 are considerably 
greater than with the 
lower plate voltages mor.. 
commonly used by ama-
teurs. 

C. A 1-Kw. Push-Pull Amplifier 

The push-pull amplifier shown in the photo-
graphs of Figs. 1375, 1377 and 1378, is built 
around a pair of Eimac 250TH triodes. It will 
handle a full kw. input at a plate voltage of 
2000 or less, although the plate tank-condenser 
spacing is sufficient for 3000-volt operation 
with plate modulation. The driving stage 
should be capable of delivering approximately 
100 watts. The amplifier may be shifted to any 
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Fig. 1375 — Front view of the kilo-
Wet amplified. Thu panel is 21 inches 
high and of standard 19-inch width. 

amateur band by a system of plug-in coils. 
The circuit, shown in Fig. 1376, is standard 

for a push-pull link-coupled neutralized am-
plifier. The only departure from strict con-
ventionality is the use of the fixed vacuum-
type padding condenser (C9) across the plate 
tank coil when operating at 3.5 Mc. A filament 
transformer is included on the chassis to per-
mit short leads which must carry the high 
heating current. 
The components are mounted on a standard 

10 X 17 X 3-inch chassis, with the 10-inch 
side against the panel to provide the necessary 
depth. The B & W " butterfly "-type plate 
tank condenser is mounted on heavy 2-inch 
stand-off insulators, with its shaft along the 
center line of the chassis, and its 
front mounting feet centered 2 
inches from the panel. Since its 
rotor is connected to the high-
voltage supply, use of a good insu-
lating shaft coupling is of utmost 
importance as a safety measure. 
The output tank-coil base assem-
bly, with its adjustable link, is 
fastened to the two upper-rear 
stator nuts of the condenser by 
means of a pair of aluminum angle 
pieces. Similarly, the clips for the 
3.5 Mc. vacuum-type padding con-
denser are mounted at the front 
of the condenser. Link output. ter-
minals are provided in the form 
of a pair of large stand-off insula-
tors fastened to the rear of the 
panel near the top. 
The neutralizing condensers are 

special units designed as accesso-
ries to the tank condenser. Each 
consists of a single disk connected 
to the grids, the rear stator plates 
of the plate tank condenser serving 
as the other side of the neutraliz-
ing condenser, for a compact unit. 

The by-pass condenser, C7, is located under the 
rear end of the tank condenser and is fastened 
to the chassis with a small metal angle piece 
which makes the ground connection. 
The sockets for the 250THs are submounted. 

They are spaced 5 inches, center to center, and 
4 inches in from the rear edge of the chassis. 
The grid tank condenser is mounted between 
the tubes with an extension shaft to the front 
of the panel. The rotor plates are grounded to 
the chassis. The high-voltage line to the plate 
tank condenser and the plate r.f. choke is 
brought up through the chassis via a large 
ceramic feed-through insulator. 

Underlie:it h, the jack bar for the grid coil is 
centered between the tube sockets. Connec-

10 Oil 

Fig. 1376 — Circuit diagram of the high-power push-pull amplifier. 
Q — 100 ugfd. per section, 0.05-inch spacing (Ilammarlund 

11F13 D-100-C). 
C2- 60 midd. per section, 0.25-inch spacing (B & W CX62-C). 
C3, CI — Disk-type neutralizing condenser (11 & W N-3). 
CS, Cs, Cs — 0.01-pfd. paper, 600 volts. 
— 0.001-ad. mica, 10.000 volts. 

Cv — 25 55M., 16.000 volts (GE 6E122). 
L1 — B & W BC1. coils. 
L2 - B & W 11DVL coils. 
RFC — 1-mh. r.f. choke (Ilammarlund Cil-500). 
T — 5 volts, 22 amperes (Stancor P6302, see text). 
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tions between this coil mounting and the con-
denser on top are made through large clearance 
holes lined with rubber grommets. Shoe. 
direct leads connect the tank circuit to the grid 
terminals of the tubes. 
The filament transformer is mounted di-

rectly underneath the plate tank condenser.. 
Since this transformer, as well as the grid coil. 
protrudes from the underside of the chassis, 
the chassis is set with its bottom edge 2,1,2 
inches above the bottom edge of the panel. 
The transformer shown in the photograpk,, 
and listed under Fig. 1376, is one designed for 
rectifier service and has high-voltage insula-
tion. If one with 1600- or 2000-volt insulation 
is available it may be substituted, of course. 
A Millen safety terminal for the positive high-
voltage connection, a three-terminal ceramic 
strip for bias and ground connections, and a 
male power plug for the 115-volt connection to 
the filament transformer are set in the rear 
edge of the chassis, while a pair of insulated 
terminals in the right-rear corner are for the 
excitation input. 
Power supply — Fig. 1342 shows the de-

tails of a suitable high-voltage plate supply for 
this amplifier. The biasing unit of Fig. 1327 
may be used with an alteration in the voltage-
divider resistor in the circuit diagram of Fig. 
1326. The total resistance should be 2000 ohms, 
100 watts, with the biasing tap taken off at the 
center. The transmitter of Fig. 1346 will pro-
vide adequate excitation. 
Adjustment— When the amplifier is 

completed and ready for operation, the first 
step in adjustment is the neutralization. This 
may be done with the amplifier set up with all 
external eonnections made, except for the an-
tenna, but with the high voltage turned off. 

Fig. 1377— The filament transformer and grid coil arc 
mounted underneath the chassis. 

With the coils for the desired band plugged 
in, the tuning of the grid tank circuit should 
be adjusted until a grid-current reading is ob-
tained. Then the neutralizing condensers should 
be adjusted simultaneously, bit by bit, keeping 
the spacing equal. When the amplifier is not 
neutralized, a dip in grid current will be found 
as the plate tank condenser is tuned through 
resonance. The neutralizing condensers should 
be adjusted until no change in grid current oc-
curs as the plate tank condenser is swung 

Fig. 1378 — Rear view of the push-
pull 250TH amplifier showing the 
mounting of the plate tank coil and 
3.5•Mc. padding condenser. 
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Fig. 1379 — A vacuum-tube keyer, built up on a 7 X 
9 X 2-inch chassis with space for four or less keyer 
tubes and the power-supply rectifier. 'Ile resistors and 
condensers which produce the lag are mounted under-
neath, controlled by the knobs at the right. The jack is 
for the key, while terminals at the left are for the keyed 
circuit. 

through its range. This should occur with the 
adjustable plates of the neutralizing condensers 
spaced about 1%6 inches away from the rear 
stator plates of the tank condenser. 

Although plenty of plate dissipation is avail-
able, it is desirable to do the preliminary tun-
ing and loading of the amplifier at reduced 
plate voltage. Before plate voltage is applied, 
a grid-current reading of at least- 150 to 200 
ma. should be possible. The antenna link 
should be swung out to the minimum-coupling 
position. As soon as plate voltage and excita-
tion are applied, the plate tank condenser 
should be adjusted for minimum plate current. 
Grid current still should be above 150 ma. 
When the excitation is removed, there should 
be no indication of oscillation at any setting of 
the grid- or plate-tank condenser. 
The output link may be connected directly 

to a properly-terminated low-impedance line, 
or thîough a link-enopled antenna tuner to the 
feeders of any antenna system. With excitation 

1380— Wiring diagram 
Ci — 2-gfd. 600-volt paper. 
C2 — mica. 
C3 — 0.0047-µftl. mica. 
RI — 0.22 megohm, 1 watt. 
Rs — 50,000 ohms, 10 watts. 

and plate power applied, the plate current 
should increase as the link coupling is tight-
ened and the antenna system tuned to reso-
nance. With each adjustment of coupling or 
antenna tuning, the plate tank condenser 
should be retuned for minimum plate current. 
The minimum reading will increase as the 
coupling is tightened with the antenna tuned 
to resonance. The loading may be increased up 
to the point where the minimum reading is 
500 ma., when the input will be 1 kw. at 2000 
volts. With the amplifier loaded, the excitation 
should be adjusted to about 150 ma. for the 
two tubes. 

(1, A Practical Vacuum-Tube Keyer 

Fig. 1379 shows a vacuum-tube keyer unit. 
The diagram is shown in Fig. 1380. T1, the 
rectifier, and C1 and R1 form the power-
supply section for producing the blocking 
voltage necessary for cutting off the keyer 
tubes. With only R2 in the circuit and 82 
in the open position, there will be no lag. As 
82 is turned to introduce more capacitance in 
the circuit, the keying characteristic is " sof-
tened" at both make and break. Adding re-
sistance by turning Si to the right affects the 
' break " only. 
As many 45s may be added in parallel as 

desired. The voltage drop through a single tube 
varies from 90 volts at 50 ma. to 52 volts at 20 
ma. Tubes in parallel will reduce the drop in 
proportion to the number of tubes. If rated 
plate voltage is important in the operation of 
the keyed circuit, the voltage drop through 
the keyer tubes must be taken into account 
and the transmitter voltage boosted to com-
pensate for the drop. 

If desired, a greater angle of keying lag can 
be obtained by using a rotary switch with 
more points and additional resistors and con-
densers. Suggested values of capacitance in ad-
dition to C2 and C3, are 0.001 and 0.0022 ilfd. 
From R2, resistors of 2.2, 3.3 and 4.7 megohms 
may be added. 
When connecting the output terminals of 

the keyer to the circuit to be keyed, care must 
be used to connect the grounded output terminal 
to the negative side uf the keyed circuit. 

 o 
KEYED CIRCUIT 

of the practical vacuum-tithe keyer unit and power supply shown in Fig. 1379. 
R3, 114 — 4.7 megohms, 1 watt. 
RR — 0.47 megohm, 1 watt. 
SI, S2 — 3-position 1-circuit rotary switch. 
Tm — 325-0-325 volt,. 5 volts and 2.5 volts (Thordarson 

T-131101). 
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ta. Rack Construction 

Most of the units described in the construc-
tional chapters of this Handbook are designed 
for standard rack mounting. The assembly 
of a selected group of units to form a complete 
transmitter is, therefore, a relatively simple 
matter. While standard metal racks are avail-
able on the market, many amateurs prefer to 
build their own less expensively from wood. 
With care, an excellent substitute can be made. 
The plan of a rack of standard dimensions is 

shown in Fig. 1381. The rack is constructed 
entirely of 1 X 2-inch stock of smooth pine, 
spruce or redwood, with the exception of the 
trimming strips, 31, N, 0 and P. Since the ac-
tual size of standard 1 X 2-
inch stock runs appreciably 
below these dimensions, a 
much sturdier job will result if 
pieces are obtained cut to the 
full dimensions. 
The main vertical support-

ing members of the wooden s".14 
rack each is comprised of two I 
pieces (A and B, and I and J) 
fastened together at right an-
gles. Each pair of these mem-
bers is fastened together by 
No. 8 flat-head screws, with 
heads countersunk. 

Before fastening these pairs 
toget her, pieces A and J 
should be made exactly the 
same length and drilled in the 
proper places for the mounting 
screws, using a No. 30 drill. 
The length of pieces A, J, B 
and 1 should equal the total 
height of all panels required 
for the transmitter plus twice 
the sum of the thickness and 
width of the material used. If 
the dimensions of the stock are 
exactly 1 X 2 inches, then 
inches must be added to the 
sum of the panel heights. An 
inspection of the top and bot-
tom of the rack in the drawing 
will reveal the reason for this. 
The first mounting hole should 
come at a distance of !..4 inch 
plus the sum of the thickness 
and width of the material from 
either end of pieces A and J. 
This distance will be 334. inches 
for stock exactly 1 X 2 inches. 
The second hole will come 1 X 
inches from the first, the third 
32 inch from the second, t he 
fourth 15 inches from the 
third and so on, alternating 
spacings between k? inch and 
IX inches (see detail drawing 
D, Fig. 1381). All holes should 
be placed inch from the in-

its 
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side edges of the vertical members. 
The two vertical members are fastened to-

gether by cross-member K at the top and L at. 
the bottom. These should be of such a length 
that the inside edges of A and J are exactly 
17M inches apart at all points. This will bring 
the lines of mounting holes 18% inches center 
to center. Extending back from the bottoms 
of the vertical members are pieces G and D 
connected together by cross-members L,Q and 
E, forming the base. The length of the pieces 
D and G will depend upon space requirements 
of the largest power-supply unit which will 
rest upon it. The vertical members are braced 
against the base by diagonal members C and H. 
Rear support for heavy units placed above the 
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Fig. 1381 — The standard rack. A — Side view. B — Front view. C — Top 
D — Upper right-hand corner detail. E — Panel-and-chassis assem-

ids . F. G, Il — Various types of panel brackets. I — Substitute for metal 
chassis. 
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base may be provided by mounting angles on 
C and H or by connecting these members 
with cross-braces as shown at F. 
To finish off the front of the rack pieces of 

14-inch oak strip (M, N, 0, F) are fastened 
around the edges with small-head finishing 
nails. The heads are set below the surface and 
the holes plugged with putty or plastic wood. 
The top and bottom edges of M and 0 should 

be inch from the first mounting holes, and 
the distance between the inside edges of the 
vertical strips, N and P, 19)46 inches. 
To prevent the screw holes from wearing 

out when panels are changed frequently, A X 
Xs or % 2-inch iron or brass strip may be 
used to back up the vertical members of the 
frame. 
The outside surfaces should be sandpapered 

thoroughly and given one or two coats of flat 
black, sandpapering between coats. A finishing 
surface of two coats of glossy black " Duco" 
is then applied, again sandpapering between 
coats. It is very important to allow each coat 
to dry thoroughly before applying the next, or 
sandpapering. 

Since the combined weights of power sup-
plies, modulator equipment, etc. may total to 
a surprising figure, the rack shod(' be provided 
with rollers or wheels so that it may be moved 
about when necessary after the transmitter 
has been assembled. Ball-bearing roller-skate 
wheels are suitable for the purpose. 
Standard metal chassis are 17 inches wide. 

Standard panels are 19 inches wide and multi-
ples of 134 inches high. Panel mounting holes 
start with the first one Y4 inch from the edge of 
the panel, the second 13.¡ inches from the first, 
the third A inch from the second, the fourth 
114 inches from the third, and the distances 
between holes from there on alternated be-
tween AI inch and 1% inches. (See detail D, 
Fig. 1381.) In a panel higher than two or 
three rack units (13% inches per unit), it is com-
mon practice to drill only sufficient holes to 
provide a secure mounting. All panel holes 
should be drilled A inch in from the edge. 

If desired, the rack may be enclosed by com-
pleting a framework of one-by-two strip, using 
Yvinch plywood for the panels. The panels 
may be hinged so that three sides are made 
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Fig. 1383 — Safety panel for meters. The meters are mounted in the usual manner on an insulating subpancl spaced 
back of a glass-covered opening in the front panel. The glass is fastened in place sr ith metal clamps or tabs, fastened 
to the front panel with small screws or pins. The front panel is of standard rack size, 19 X 5% inches. 

accessible for servicing. If the transmitter is to 
be operated in an enclosure, provision should 
be made for a small amount of forced-air 
ventilation; otherwise the panels should be 
open while the transmitter is in operation. 

411. Metering 

Various methods of metering are shown in 
Fig. 1382. A shows the meters placed in the 

To +HV TER.A1NALS 
Of TAANSkirTTER UNITS 

+ HV. 

+ Blas 

lb BIAS 1-CW.101AL S 

OPTRANSMITTER UNITS 

(A) -BIAS 

+BIAS H.V. +BIAS — HV. 

(3) 

—HV. 

(C) 

Fig. 1382 — Various methods of connecting milliam-
meters in grid and plate currents. A — 11 igh.voltage 
metering. B — Cathode metering. C — Shunt metering. 

+13,As ^HV 

high-voltage plate and bias circuits. MA I and 
MA2 are for plate current and MA3 and MA4 
for grid current. When more than one stage op-
erates from the same plate-voltage or bias-
voltage supply, each stage may be metered as 

Char Pond 
FRONT VIEW 
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CKT.I CKT.2 CKT.3 CKT. 4 CKT. 5 
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Fig. 1384 — Method of switching a single milliammeter 
to various circuits with a two-gang switch. The control 
shaft should be well insulated front the switch contacts, 
and should be grounded. The resistors, le, should have 
values of resistance ten to twenty times I he internal 
resistance of the meter; 47 ohms will usually he satis-
factory. 

shown. If this system of metering is used, the 
meters should be mounted so that the meter 
dials are not accessible to accidental contact 
with the adjusting screw. One method of 
mounting is shown in Fig. 1383, where the 
meters are mounted behind a glass panel. 
When plate milliammeters are to be mounted 

on metal panels, care must be taken to see that 
the insulation is sufficient to withstand the 
plate voltage. Metal-case instruments should 
not be mounted on a grounded metal panel if 
the difference in potential between the meter 
and the panel is to be more than 300 volts; 
bakelite-case instruments can be used under 
similar circumstances at voltages up to 1000. 
At higher voltages than these an insulating 
panel should be used. 
The placing of meters at high-voltage points 

in the circuit may be overcome by the use of 
the connections shown in Fig. 1382-B and -C. 
The disadvantage of the arrangements at B is 

that the meter reads total cathode current and 
the grid and plate currents cannot be metered 
individually. This disadvantage is overcome in 
C, where the meters are connected across low 
resistances in the grid- and plate-return cir-
cuits. MA I reads grid current and MA2 plate 
current. The parallel resistors should have a 
value of not less than 10 to 20 times the 
resistance of the meter, and should be of suffi-
cient power rating so that there will be no 
possibility of resistor burn-out. If desired, the 
resistance values may be adjusted to form 
multiplier scale for the meter (see Chapter 
Nineteen). The same principle is used in the 
meter-swit ehing system shown in Fig. 1384. 

Meters may also be shifted from one stage to 
another by a plug-and-jack system, but this 
system should not be used unless it is possible 
to ground the frame of tile jack or unless a 
suitable guard is provided around the meter 
jacks to make personal contact with high volt-
ages impossible in normal use of the plug. 

Another metering system based upon the 
use of simple s.p.d.t toggle switches is shown 
in the diagram of Fig. 1385. In each case pro-
vision is made for metering two circuits with a 
single milliammeter. Grid returns should be 
made to filament center-tap or cathode rather 
than to ground or negative high voltage. If 
currents included in the meter range are to be 
measured, t he resistors should have a value of 
about 47 ohms each, otherwise they should be 
adjusted to give the desired scale multiplica-
tion. 

Q. Control Circuits 

Proper arrangement of controls is important 
if maximum convenience in operation is to be 
attained. If the transmitter is to be of fairly 
high power, it is desirable to provide a special 
service line leading directly from the public-
utility meter board to the operating room. This 
line should be run in conduit or BX cable, and 
the conductors should be of ample size to carry 
the maximum load without undue voltage 
drop. The line should be terminated with an 
enclosed entrance switch, properly fused. 

FINAL 

(A) e 
Fig. 1385 — Toggle-ssàtch meter switching. At A is a Circuit for switching meter from grid to plate circuit of same 
stage. At B is u circuit for switching grid meter between two stages and plate meter between two stages. At C is au 
alternative circuit, similar to the one at B, in which separate filament transformers permit the URC of a common 
'date supply. Ri and 82 are grid-circuit meter shunt resistors, while R3 and R4 are the plate-circuit shunt resistors. 

• 
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Fig. 1386 — A station control system. No 
high-voltage supply can be turned on until 
the filament switch has been closed; the 
high-power plate supply cannot be turned 
on until the low-power plate-supply switch 
has been closed; and modulator power can-
not be applied until the final-amplifier plate 
voltage has been applied. With all switches 
except S3 closed, S3 serves as the main con-
trol switch. Si — enclosed entrance switch. 
S2— filament switch. S3 IOW plate-voltage 
and main control switch, preferably of the 
push-button type which remains closed only 
so long as pressure is applied. S4 high 
plate-voltage switch. Ss— low-power and 
tune-up switch short-circuiting It. SR — 
modulator plate-voltage switch. F — fuses. 
/I 2 3 Wa  " g lights. Lt — 100- to300-watt 
voltage-reducing lamp. 
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Fig. 1386 shows the wiring diagram of a 
simple control system. It will be noticed that, 
because the control switches are connected in 
series, none of the high-voltage supplies can 
be turned on until the filament switch has 
been closed, and that the high-power plate sup-
ply cannot be turned on until the low-power 
plate-supply switch has been closed. Further-
more, the modulator power cannot be applied 
until the final-amplifier plate voltage has 
been applied. Si places a 100- to 300-watt 
lamp, /4, in series with the primary winding 
of the high-voltage plate transformer for use 
during the process of preliminary tuning and 
for local c.w. work. The final amplifier should 
first be tuned to resonance at low voltage and 
S5 then closed, short-circuiting the lamp. 
Experience will determine what the low-volt-
age plate-current reading should be to have it 
increase to the full-power value when S5 is 
closed, so that the proper antenna-coupling 
and tuning adjustments may be made. 

Preferably, 83 should be of the nonlocking 
push-button type.which remains closed only so 
long as pressure is applied. A switch of this type 
provides one of the simplest and most effective 
means of protection against accidents from 
high voltage. In the form which is usually con-
sidered most convenient, it consists of a switch, 
located underneath the operating table, which 
may be operated by pressure of the foot. When 
used in this manner the operator must be in the 
operating position, well removed from danger, 
before high voltage can be applied. If desired, 
SSA may be wired in parallel on the front of 
the transmitter panel, so that it can be used 
while tuning the transmitter. S3A also should 
be of the push-button type. 

In more elaborate installations, and in re-
mote-control systems where the transmitter is 
located some distance from the operating posi-
tion, similarly arranged switches may be used 
to control relays whose contacts serve to per-
form the actual switching at the transmitter. 
Two strings of utility outlets, one on each 

side of the entrance switch, are provided for 
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operation of the receiver and such accessories 
as the monitor, lights, electric clock, soldering 
iron, etc. Closing the entrance switch should 
close those circuits which place the station in 
readiness for operation. 82 and 84 are nor-
mally closed and 83 is normally open. When 
Si is closed upon entering the operating 
room, the transmitter filaments are turned on 
as aleo is the receiver, which should be plugged 
into line No. 2. With 84 closed (as well as 
S5 and 86), 83 performs the job of turning all 
plate supplies on and off during successive 
periods of transmission and reception. 

All con tin t to usl y-ope rat in g accessories, such 
as the station clock, should be plugged into line 
No. 1. This is so that they will not be turned off 
when Si is opened. Line No. 1 is of use also 
for supplying the soldering iron, lights, etc., 
when it is desired to remove all voltage from 
the station apparatus by opening Si. 

41, 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 and off for the night, 
they may be taken care of by the use of a 
manually-operatcd compensating device. A 

To Transinitter To Tronsmittee 

Fig. 1387 — Two methods of transformer primary con-
trol. At the left is a tapped 1-to-1 transformer with the 
possibilities of considerable variation in the secondary 
output. At the right is indicated a variable transformer 
or autotransformer (Variac) in series with the trans-
former primaries. 
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Fig. 1388— With this circuit, a single adjustment of 
the tap switch tit places the correct primary voltage on 
all transformers in the transmitter. Information on con-
structing a suitable tmtotransformer at negligible cost is 
contained in the text. The light winding represents the 
regular primary winding of a revamped transformer, the 
heavy winding the voltage-adjusting section. 

simple arrangement is shown in Fig. 1387. A 
toy transformer is used to boost or buck the 
line voltage as required. The transformer 
should have a tapped secondary varying be-
tween 6 and 20 volts in steps of 2 or 3 volts 
and its secondary should be capable of carrying 
the full load current of the entire transmitter. 
The secondary is connected in series wit the 

line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmit ter transformers can be brought 
up to the rated 115 volts•by setting the t,,y-
transformer tap switch on the right tap. If t w 
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. 

Another scheme by which the primary volt-
age of each transformer in the transmitter may 
be adjusted to deliver the desired secondary 
voltage, with a master control for compensating 
for changes in line voltage, is shown in Fig. 1388. 

This arrangement has the following features: 
1) Adjustment of Si to make the voltmeter 

read 105 volts automatically adjusts all prima-
ries to the predetermined correct voltage. 

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. 

3) Independent control of the plate trans-
former is afforded by the tap switch 52. This 
permits power-input control and does not re-
quire an extra autotransformer. 

111 Grinding Crystals 

Crystal blanks, cut to approximate fre-
quency, are available at very reasonable prices. 
With proper equipment and a little care, these 
blanks can be ground to the desired frequency. 
Complete crystal-grinding equipment includes 
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several components. First necessity is a flat 
piece of plate glass, about 4 inches square 
or larger. To hold the crystal flat while grinding 
a flat " button" (shown in Fig. 1389), also of 
plate glass, either round or square, and slightly 
larger than the crystal, is required. Both pieces 
may be obtained at glass stores. Two grades of 
abrasive, No. 303 emery for surface grinding 
and No. 600 Carborundum for edge grinding 
and beveling are obtainable from hardware 
stores or optician's supply houses. A small 
paint brush is handy for moistening the abra-
sive and spreading it around the lapping plate. 
To facilitate frequent checking of frequency 
during the grinding process, the quick-change 
holder shown in Fig. 1390 is desirable. It 
consists of an FT243 holder with a sliding cover 
fashioned from sheet metal. Soap, warm water 
and a toothbrush are used to clean and rinse 
the crystal. Lintless cloth from an optician's or 
a clean towel can be used for drying. 

Fig. 1389 — The equipment necessary for grinding a 
crystal blank to frequency. A piece of plate glass and a 
"I;utton" of the same material are essential. The "quick-
change" adaptation for the crystal holder is a conven-
ience. Not shown, but also convenient, are a small paint 
brush for spreading abrasive and a toothbrush for 
scrubbing. 

Present-day electrodes have raised lands on 
each corner, as shown in Fig. 1391, and the 
crystal should lie at least halfway across these 
lands and should not be larger than the elec-
trode. The electrodes should be cleaned as 
carefully as the crystal. Before final assembly 
both crystal and electrodes should be handled 
carefully by the corners or edges after their last 
good scrubbing. 
How to grind — The actual grinding is 

done as follows: Spread the 303 abrasive over 
an area about a half inch square on the lapping 
plate, wet the brush, mix water into the spot 
and spread the abrasive over the lapping plate. 
Always keep the abrasive moist. Take the but-
ton and put a drop of water at its center, and 
press the dry crystal blank over the drop of 
water. There should be just, enough water in 
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Fig.1390 — The 
quick-change 
crystal holder 
with sliding 
cover. 

• 

the drop so that it squeezes out under the edges 
of the blank, where it is wiped away. Place I he 
button, blank down, on the emery and put 1 he 
index finger in the center of the button. Use 
just enough pressure to move the button in a 
figure-8 pattern. This motion is used because it 
helps keep the blank flat.. 

After grinding through ten or fifteen " 8s" 
the blank should be rechecked for frequency 
and activity. The blank's activity is a term 
used in crystal making to describe how strongly 
a crystal will oscillate. This may be indicated 
by the magnitude of the dip in the plate cur-
rent, grid current to the next stage, or rectified 
grid current in the crystal oscillator. It is 
nearly impossible to tell how much change in 
frequency will occur during the grinding of a 
crystal, because pressure on the button, the 
amount of abrasive, and the area of the " 8" 
all will vary the frequency. The frequency 
change probably will be between 200 and 1000 
cycles per " 8," using a 7-Mc. crystal. The 
crystal can be moved along faster as the op-
erator becomes more familiar with the tech-
nique, but for the beginner frequent checks of 
activity are in order so that any drop can be 
corrected. 
To grind a crystal successfully the activity 

must be good when the crystal is brought to the 
desired frequency. There are several ways to 
raise the activity. Assuming that, with careful 
grinding on a flat plate with a flat button, the 
two faces of the crystal are parallel, the major 
cause of low activity will be dirt or moisture on 
the crystal or electrodes. Before checking ac-
tivity the crystal should be scrubbed carefully 
with the toothbrush, using warm water and 
soap. Wipe the crystal clean and be sure that 
the electrodes arc clean and dry. If the activity 
is still down the next thing is to bevel all eight 
edges of the crystal. The beveling can be done 
with either fine or coarse abrasive, but is 
usually more effective with the coarse. Bevel-
ing, incidentally, will also raise the frequency 
because of the quartz ground off during the 
process. 

Although beveling will usually improve the 
activity, another method — and probably the 
simplest — is to change electrodes. The land 
heights on the electrodes have a critical effect 
on activity. If the center of the crystal becomes 
too high and the lands are so low that the cen-
ter of the crystal touches the center of the 
electrodes, the crystal will stop oscillating. 
The last step — and the most drastic method 

of raising activity — is to edge-grind adjacent 
edges. This grinding is best done with coarse 
abrasive and should be followed by a slight 
bevel to remove any chips which may remain. 
By checking the crystal frequently, a drop in 
activity can be corrected by the above meth-
ods. If the crystal is ground too far and goes 
completely dead, the frequency may be too 
high when the crystal is again reactivated. 

EDGE   
Lands 

TO P 

Fig. 1391 — The 1/2 
X q-inch electrodes 
used in modern crystal 
holders, showing the 
lands at the corners be-
tween which the crys-
tal is firmly held. 

e Building Small Transformers 

Power transformers for hot h filament heat-
ing and plate supply for all transmitting and 
rectifying tubes are available commercially at 
reasonable prices, but occasionally the amateur 
wishes to build a transformer for some special 
purpose or has a core from a burned-out trans-
former on which he wishes t o put new windings. 

Most transformers t hat amateurs build are 
for use on 110-volt 60-cycle supplies. The num-
ber of turns necessary on the 110-volt winding 
depends on the kind of iron used in the core 
and on the cross-sectional area of the core. 
Silicon steel is best. and a flux density of about 
50,000 lines per square inch can be used. This 
is the basis of the table of cross-sections given. 
An average value for the number of primary 

turns to be used is 7.5 turns per volt per square 
inch of cross-sectional area. This relation may 
be expressed as follows: 

No. primary turns = 7.5 (—E ) 
A 

where E is the primary voltage and A the num-
ber of square inches of cross-sectional area of 
the core. For 110-volt primary transformers 
the equation becomes: 

825 
No. primary turns = • 

When a small transformer is built to handle 
a continuous load, the copper wire in the wind-
ings should have an area of 1500 circular mils 

I r LAYER 2,vo LAYER br LAYER ViD LAYER 

CORE TYPE SHELL TYPE 

Fig. 1392 — Types of transformer cores and their 
laminations. 
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Fie. 1393— A conven-
ient method of assem. 
bling the windings of a 
shell-type core. Wind-
ings can be similarly 
mounted on core-type 
cores, in which case 
the coils are placed on 
one of the sides. High-
voltage core- type 
transformers some. 
times are made with 
the primary on one 
core leg and the second-
ary on the opposite. 

Pun 
libe 
or cardboard 

for each ampere carried. (See Wire Table in 
Chapter Twenty.) For intermittent use, 1000 
circular mils per ampere is permissible. 
The primary wire size is given in the Trans-

former Design Table; the secondary wire size 
should be chosen according to the current to be 
carried, as previously described. The Wire 
Table in Chapter Twenty shows how many 
turns of each wire size can be wound into 
a square inch of window area, assuming that 
the turns are wound regularly and that no 
insulation is used between layers. The pri-
mary winding of a 200-watt transformer, 
which has 270 turns of No. 17 wire, would 
occupy 270/329 or 0.82 square inches if wound 
with double-cotton-covered wire, for example. 
This makes no allowance for a layer of insula-
tion between the windings (in general, it is 
good practice to wind a strip of paper between 
each layer) so that the winding area allowance 
should be increased if layer insulation is to be 
used. The figures also are based on accurate 
winding such as is done by machines; with 
hand-winding it is probable that somewhat 
more area would be required. An increase of 
50 per cent should take care of both hand-
winding and layer thickness. The area to be 
taken by the secondary winding should be 
estimated, as should also the area likely to be 
occupied by the insulation between the core 
and windings and between the primary and 
secondary windings themselves. When the 
total window area required has been figured — 
allowing a little extra for contingencies — 

Input 
(Walla) 

laminations having the desired leg width and 
window area should be purchased. It may not 
be possible to get, laminations having exactly 
the dimensions wanted, in which case the near-
est size should be chosen. The cross-section 
of the core need not be square but can be 
rectangular in shape so long as the core area is 
great enough. It is easier to wind coils for a 
core of square cross-section, however. 

Transformer cores are of two types, " core" 
and " shell." In the core type, the core is simply 
a hollow rectangle formed from two " L". 
shaped laminations, as shown in Fig. 1392. 
Shell-type laminations are " E"- and " I"-
shaped, the transformer windings being placed 
on the center leg. Since the magnetic path 
divides between the outer legs of the " E," 
these legs are each half the width of the center 
leg. The cross-sectional area of a shell-type 
core is the cross-sectional area of the center 
leg. The shell-type core makes a better trans-
former than the core type, because it tends to 
prevent leakage of the magnetic flux. The 
windings are calculated in exactly the same 
way for both types.. 

Fig. 1393 shows the method of putting the 
windings on a shell-type core. The primary is 
usually wound on the inside — next to the 
core — on a form made of fiber or several 
layers of cardboard. This form should be 
slightly larger than the core leg on which it is 
to fit so that it will be an easy matter to slip 
in the laminations after the coils are completed 
and ready for mounting. The terminals are 
brought out to the side. After the primary is 
finished, the secondary is wound over it, sev-
eral layers of insulating material being put be-
tween. If the transformer is for high voltages, 
the high-voltage winding should be carefully 
insulated from the primary and core by a few 
layers of Empire Cloth or tape. A protective 
covering of heavy cardboard or thin fiber 
should be put over the outside of the secondary 
to protect it from damage and to prevent the 
core from rubbing through the insulation. 
Square-shaped end pieces of fiber or cardboard 
usually are provided to protect the sides of the 
windings and to hold the terminal leads in 
place. High-voltage terminal leads should be 
enclosed in Empire Cloth tubing or spaghetti. 

After the windings are finished the core 
should be inserted, one lamination at a time. 

TRANSFORMER DESIGN TABLE 
Pull-loact Size of No. of Turns Per 
Efficiency Primary Wire Primary Turns Volt 

50 
75 
100 
150 
200 
250 
300 
400 
500 
750 
1000 
1500 

75% 
85% 
90% 
90% 
90% 
90% 
90% 
90% 
95% 
95% 
95% 
95% 

23 
21 
20 
18 
17 
16 
15 
14 
13 
11 
10 
9 

Cross-Section 
Through Core 

528 
437 
367 
313 
270 
218 
248 
206 
183 
146 
132 
109 

4.80 
3.05 
3.33 
2.84 
2.45 
2.25 
2 25 
1.87 
1.66 
1.33 
1.20 
0.99 

IX" x 
x 5,g" 
X w 

1,6" XIV," 
X 
x IV" 
X 74-

2" X 2" 
2W' X 2X" 
2 %" X 2er 
2X" X 2;4" 
2X" X 2X" 
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Fig. 1394 — Core ar-
rangement for filter 
choke coils. The di. 
mensions b and e re-
fer to the Filter. 
Choke Design Table. 

• 

si 

11! 

GAP 

.--stioar toe era 

WINDING 
SPACE 

—LONE CORE PIECE 

Fig. 1392 shows the method of building up 
the coré. In the first layer the " E"-shaped 
laminations are pushed through from one side; 
the second " E "-shaped lamination is pushed 
through from the other. The " I"-shaped lami-
nations are used to fill the end spaces. This 
method of building up the core ensures a good 
magnetic path of low reluctance. All lamina-
tions should be insulated from each other to 
prevent eddy currents from flowing. If there is 
iron rust or a scale on the core material, that 
will serve the purpose very well — otherwise 
one side of each piece can be coated with thin 
shellac. It is essential that the joints in the 
core be well made and be square and even. 
After the transformer is assembled, the joints 
can be hammered up tight using a block of 
wood between the hammer and the core to 
prevent damaging the laminations. If the 
winding form does not fit tightly on the core, 
small wooden wedges may be driven between 
it and the core to prevent vibration. Trans-
formers built by the amateur can be painted 
with insulating varnish or waxed to make them 
rigid and moisture-proof. A mixture of melted 
beeswax and rosin makes a good impregnating 
mixture. Melted paraffin should not be used 
because it has too low a melting point. Double-
cotton-covered wire can be coated with shellac 
as each layer is put on. However, enameled 
wire should never be treated with shellac as it 
may dissolve the enamel and hurt the insula-
tion, and it will not dry because the moisture 
in the shellac will not be absorbed by the in-

sulation. Small transformers can be treated 
with battery compound after they are wound 
and assembled. Strips of thin paper between 
layers of small enameled wire are necessary to 
keep each layer even and to give added insula-
tion. Thick paper must be avoided since it 
keeps in the heat generated in the winding so 
that the temperature may become danger-
ously high. 
Keep watch for shorted turns and layers. If 

just a single turn should become shorted in the 
entire winding, the voltage set up in it would 
cause a heavy current to flow which would 
burn it up, making the whole transformer 
useless. 
Taps can be taken off as the windings are 

made if it is desired to have a transformer giv-
ing several voltages. Taps should be arranged 
whenever possible so that they come at the 
ends of the layers. 

After leaving the primary winding connected 
to the line for several hours it should be only 
slightly warm. If it draws much current or gets 
hot there is something wrong. Some short-
circuited turns are probably responsible and 
will continue to cause overheating. 

41. Building Filter Chokes 

Filter choke coils may be either of the 
core or shell type. The laminations should not 
be interleaved, a butt joint being used instead. 
An air gap must be provided at sonic point in 
the core circuit to prevent magnetic saturation 
by the d.c. flowing through the winding. 
The accompanying table may be used as an 

approximate guide in winding choke coils. For 
the same core size, air gap and ampere turns, 
the inductance will vary approximately as the 
square of the number of turns. The arrange-
ment of the core is shown in Fig. 1394 and the 
dimensions b and c in the table refer to this 
sketch. The core may be built from straight 
pieces as shown or with " L"-shaped lami-
nations. 

FILTER-CHOKE DESIGN TABLE 

L 
hy. 

_ 

Ma. 
Stack 
S ize 
In. 

1/2 X 1/2  

Core Length 
Gap 
In . 

Inn Sing 
Form 

Turns 
Ilrire 
Size Feet Long 

Piece 
Short 
Piece b e 

15 50 I/2 X 2.2 1/2 X 0.85 0.035 1 0.68 9500 33 3500 

10 100 34 X 34 34 X 2.6 34 X 0.95 0.03 1 0.67 5000 30 2250 

15 100 1 X I 1 X 3.1 1 X 0.9 0.035 0.96 0.65 4800 30 2550 

10 250 

250 

2 X 2 2 X 5.2 2 X 1 0.4 1.05 0.68 

0.95 

2000 

1000 

26 

26 

1750 

20 2 X 2 2 X 5.6 2 X 1.2 0.28 1.43 3820 

5 500 2 X 2 2 X 5.5 2 X 1.15 0.17 1.35 0.9 1800 

3800 

23 

23 

1700 

10 500 2 X 2 2 X 6.2 2 X 1.5 0.4 2 1.3 4100 
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Moittialion etuipment 

I N BUILDING speech equipment, espe-
cially if it is to be used with transmitters 
operating below 30 megacycles, it should be 
kept constantly in mind that wide-range audio-
frequency response is neither necessary nor 
desirable. Speech amplifiers should be designed 
so that the response drops off rapidly abov,e 
about 3000 cycles; frequencies above this 
figure are of little help to the receiving opera-
tor because the selectivity of the modern 
superheterodyne is such that they are greatly 
attenuated when the receiver is tuned to the 
carrier frequency, but they do cause unneces-
sary interference to stations working on nea-rby 
channels. The speech equipment described in 
this chapter is adequate for good intelligibility 
in speech transmission, but is intentionally not 
designed for " high fidelity." It has been de-
signed to give the required power output as 
simply and economically as possible while 
still observing good design principles. 

01 Arrangement of Components 

In many respeel the arrangement of com-
ponents is less cru ival in audio than in r.f. 
equipment; nevertheless, certain principles 
must be observed if difficulties are to be 
avoided. The selection of suitable modulation 
equipment for any of the transmitters in the 
preceding chapter is not difficult, if the funda-
mental principles of modulation described in 
Chapter Five are understood. If the trans-
mitter is to be plate-modulated and the power 
input to the modulated stage is to be of the 
order of 100 watts or higher, a Class B modu-
lator invariably will be selected. A pair of 
modulator tubes of any type capable of the re-
quired power output may be used. The tables 
in this chapter give the necessary information 
on the most popular tube types. The driving-
power requirements for the modulator stage also 

are given, so that from this point on the speech-
amplifier tube line-up can be selected according 
to the principles outlined in Chapter Five. 
The apparatus to be described is representa-

tive of current design practice for speech ampli-
fication, with units to provide the various out-
put levels required to drive high- and low-
power Class 13 modulators. In some cases the 
power output of these amplifier units will be 
sufficient to modulate low-power transmitters 
directly, without additional power amplifi-
cation. Also, practically any of the speech 
amplifiers shown can be used to grid-modulate 
transmitters up to the highest power input 
permitted in amateur transmitters. 

Speech-amplifier equipment, especially volt-
age amplifiers, should be constructed on metal 
chassis, with all wiring kept below the chassis 
to take advantage of the shielding afforded. 
Exposed leads, particularly to the grids of low-
level high-gain tubes, are likely to pick up 
hum from the electrostatic field which usually 
exists in the vicinity of house wiring. Even 
with the chassis, additional shielding of the 
input circuit of the first tube in a high-gain 
amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from audio transformers op-
erating at fairly-high power levels, to prevent 
magnetic coupling to the grid circuit which 
might cause hum or audio-frequency feed-back. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting 
cable, 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. The 
cable shield should be connected to the speech-
amplifier chassis, and it is advisable — as well 
as frequently necessary — to connect the 

• 

Fig. 1401 — A lfi.watt audio unit complete 
1%ith power supply. Three dual-triode fillies 
provide a four-stage amplifier with Class Ii 
output. Any of the popular types of micro-
phones may be used. 

• 
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• 
Fig. 1402 — The below-chassis 
wiring is visible in this view of 
the 10-watt modulator. The mi-
crophone input leads are kept 
short to seduce hum piuk-up. 

• 

chassis to a ground such as a water pipe. 
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. 
In a high-gain amplifier the first tube prefer-
ably should be of the type having the grid 
connection brought out to a top cap rather 
than to a base pin, since in the latter type the 
grid lead is exposed to the heater leads inside 
the tube and hence will pick up more hum. 
With the top-cap tubes, complete shielding of 
the grid lead and grid cap is a necessity. 

IL A 10-Watt Class-B Modulator for 
Low-Power Transmitters 

A receiving-tube modulator, with a speech 
amplifier for either crystal or carbon micro-
phones, is shown in Figs. 1401-1403, inclusive. 
It is suitable for modulating transmitters of 
20 watts input or less, such as the low-power 
equipment frequently used on the very-high 

Fig. 1403 — Circuit diagram of the 

CI, Ca — 0.1-afd. 600-volt paper. 
C3, C4 — 10-pfd. 50-volt electro-

lytic. 
co, Co, C7, Cs, Co — 8-pfd. 450-

volt electrolytic. 
— 22 ohms, watt. 

R2, R3— 1000 ohms, 1 watt. 
R4, R3— 47,000 ohms, watt. 
Rs, R7 — 0.22 megohm, jx2' watt. 
Rs — 1 melphm, watt. 
Ro — 4.7 megoluns, 3,¡ watt. 
Rio — 0.5-megohm volume control. 
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frequencies. Type 6N7 or 6A6 tubes are used 
throughout in the audio circuits. An inex-
pensive power supply is included, so that 
the unit is complete and ready for connection 
to the transmitter. 

Fig. 1403 shows the circuit diagram of the 
speech amplifier-modulator. One section of the 
first tube is used as the input amplifier for a 
crystal microphone, the other half being a sec-
ond speech-amplifier stage. Carbon microphones, 
which need less gain, are transformer-coupled 
to the second section of the first 6N7/6A6. The 
type of jack shown at J2 in the circuit diagram 
must be installed if a double-button carbon 
microphone is to be used. J2 may be the same 
as Ji if a single-button microphone is to be used 
excl usively. 
The gain control is connected in the grid 

circuit of the second section of the first tube, 
which is resistance-coupled to the driver. The 
driver tube has its two sections connected in 
parallel. 
The modulation transformer specified is 

6147 

80 

1, TO EXT 
0- 100 ›... XITR. 

complete 10-watt Class B audio modulator system for low-power transmitters. 

Rut — 25,000 ohms, 10 watts. 
Li — Filter choke, 5 henrys, 200 

ma., 80 ohms (Thordarson 
T-67C49). 

Microphonebattery (sec text). 
Ji — Open-circuit jack for crystal 

microphone. 
J2 — 2- or 3-circuit jack for s.b. or 

d.b. carbon microphone. 
Si — S.p.d.t. toggle switch. 
S2— S.p.s.t. toggle switch (see 

text). 

Tt — S.b. or d.b. microphone trans-
former (Staneor A-4351). 

T2 — Driver transformer, parallel 
6A6 or 6N7 plates to 6A6/ 
6N7 Class B ( Stancor 
A-I216). 

T3 —.Output transformer, 6A6/ 
6N7 Class B to 6500-ohm 
load (titaneor A-3845). 

Ts — Power transformer, 350-0-
350 volts, 90 Ina.; 5 volts at 
3 amperes; 6.3 volts at 3.5 
amperes. 
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Fig. 1404— A low-cost speech-amplifier or low-power 
modulator unit with a maximum audio output of 20 
watts. The 6J7 is at the left near corner of the chasis, 
with the 6J5 to its right, just above the volume control. 

designed to work between the plates of a 6N7 
or 6A6 and a 6500-ohm load; the impedance 
ratio used will, of course, depend on the load 
into which the modulator will work. A milliam-
meter can be connected across the shunt 
resistor, R1, provided to measure the Class B 
plate current. 
The power supply is of the condenser-input 

type. Using the components specified, it will 
deliver 350 volts at, 90 ma. A switch in the 
transformer center-tap lead is used for turning 
the plate voltage on and off without affecting 
the filament supply. 
The power transformer is submounted at the 

left-hand end of the chassis. Next to it is the 
filter choke, Li, followed by the rectifier tube 
and Ta, the modulation output transformer. 
The driver tube is at the extreme right-hand 
end, with T2, the driver transformer, behind 
it. The Class B tube is to the rear and in line 
with the speech-amplifier tube. For conven-
ience in wiring, the audio-tube sockets should 
be mounted with the filament prongs facing 
the right-hand end of the chassis. 
The plate-voltage switch is on the front of 

the chassis toward the left in Fig. 1401. The 
microphone switch, gain control and micro-
phone jacks are grouped at the right. Power in-
put and output terminals are at the rear. 
The bottom-view photograph. Fig. 1402, 

shows the layout for the components mounted 
below the chassis. 7'1 is mounted at the left end. 
Wiring to the driver-tube socket and the 
transformer secondary winding should be com-
pleted before the transformer is bolted in place, 
since it is difficult to reach the connecting points 
with a soldering iron afterward. Short leads be-
tween the gain control, the microphone switch 
and the tube socket can be obtained by making 
the gain-control contacts face toward the 
switch, as shown in the photograph. 
The compact microphone battery (Burgess 

Type 3A2) will be held securely in place with-

ap ter .7ourteen 

out brackets or clips if it is wedged in between 
the bottom of the power transformer and the 
lips en the bottom of the chassis. A 3-volt 
battery is sufficient for most carbon micro-
phones, and low current frequently will give 
better speech qualit y. The 115-volt a.c. and the 
meter leads (rubber-covered lamp cord) enter 
the elmssis through rubber grommets, A three-
contact terminal strip is located at the right 
end of the base (left end in the bottom view). 
One of the contacts on this terminal strip is for 
an external ground connection and the other 
two are connected to the modulation-trans-
former output winding. 
The actual measured power output of the 

unit is 11 watts, as recorded at the point where 
distortion just begins to be noticeable. This 
order of audio power output is ample for mod-
ulating a low-power transmitter operating 
with 20 watts or so input to the final stage. 

111 A 20-Watt Speech Amplifier or 
Modulator 

The amplifier shown in Figs. 1404-1406 will 
deliver audio power outputs up to 20 watts 
(from the output transformer secondary) with 
ample gain for ordinary communications-type 
cryetal microphones. Class AB 6L6s are used 
in the output stage, preceded by a 6J5 and a 
6J7 preamplifier. 
The unit is built up on a 5 X 10 X 3-inch 

chassis, with the parts arranged as shown in 
the photographs. About the only construc-
tional precaution necessary is to use a short 
lead from the microphone socket (a jack may 
be used instead of the screw-on type, if de-
sired), and to shield thoroughly the input cir-
cuit to the grid of the 6.17. This shielding is 
necessary to reduce hum. In this amplifier, the 
6J7 grid resistor, RI, is enclosed along with the 
input jack in a National Type J-1 jack shield, 
and a shielded lead is run from the jack shield 
to the grid of the 6J7. A metal slip-on shield 
covers the grid cap of the tube. 
To realize maximum power output, the " B" 

supply should be capable of delivering about 
145 ma. at 360 volts. A condenser-input sup-

Fig. 1405— Bottom view of the 20-watt speech am-
plifier or modulator chassis. The most important con-
structional point is complete shielding of the microphone 
input circuit up to the grid of the 6J7 first amplifier. 
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Fig. 1406 — Circuit diagram of the low-cost speech amplifier or modulator capable of power outputs up to 20 watts. 

CI. Ca — 20.mfil. 50-volt electro- R3 — 1.5 megolims, watt. T1 — Interstage audio transformer, 
ly tic. R. — 0.22 megolun, 3/2 Walt single plate to p.p. grids, ratio 

C3 --.— 0.1-afil. 200-volt paper. Its— 47,000 ohms, .1 watt. 3:1 (Thordarson 'I -57A41). 
C4 — 0.01-pfd. .100-volt paper. 115 — I -megohni volume control. Ta — Output transformer, type 
Cs, Co— 8-gfd. 450-volt electro- R7 — 1500 ohms, I matt. depending on requirements. 

lytie. Rs — 2:50 ohms, 10 watts. A mill t i ta p transformer 
Rt — 4.7 megolims, .q watt. /12 — 2000 ohms, 10 matts. (Thordarson T-19:1114) is 
112— 1500 ohms, h watt. Rio — 20,000 ohms, 25 watts, shown in photos. 

ply of ordinary design (Chapter Eight) may 
be used, since the plate current variation is 
relatively small. The current is approximately 
120 ma. with no input signal and 145 ina. at 
full output. If an output of 12 or 13 watts will 
be sufficient, R9 and Rio may be omitted and 
all tubes fed directly from a " B" supply 
giving 270 volts at approximately 175 ma. 
The output transformer shown is a universal 

modulation type suitable for coupling into the 
plate circuit of a low-power r.f. amplifier (in-
put 40 watts maximum for 100-per-cent modu-
lation) for plate modulation. For cathode mod-
ulation, the r.f, input power that can be modu-
lated can be determined from the data in 
Chapter Five. The amplifier may also be used 
for grid-bias modulation with the transformer 
specified. If the unit is to be used to drive a 
Class B modulator, it is recommended that the 
Class B tubes be of the zero-bias type rather 
than a type requiring fixed bias. A suitable out-
put transformer must be substituted for this 
purpose: data will be found in catalogues. 

Fig. 1107 — A 40-watt speech amplifier or 
modulator of inexpensive constructión. The 
6,17 and first 6J5 are at the front, near the 
microphome. ëocket and volume control, re-
spectively. Ti is behind them, and the push-
pull 6,15s are at the rear of the chassis behind 
Ti. T2, in the center, the push-pull 61.6s. and 
T3 follow in order to the right. 

tt A 40-Watt Output Speech Amplifier 
or Modulator 

The 40-watt amplifier shown in Figs 1407-
1409 resembles in many respects the 20-watt 
amplifier just described. The first two stages 
are, in fact, identical in circuit and construc-
tion. To obtain the higher output, however, it 
is necessary to drive the 61.fis into the grid-
current region ( Class AB2 operation), so that a 
driver stage capable of furnishing sufficient 
power is required. A pair of transformer-cou-
pled 6.15s in push-pull is used for this purpose, 
inserted between the single 6J5 stage and the 
push-pull 61.6s. Decoupling is provided (29 and 
Cr,) to prevent motorboating because of the 
higher over-all gain of the amplifier. 
A 6 X 14 X 3-inch chassis is used for the 

40-watt amplifier. The photographs show the 
arrangement of parts. As in the case of the 
20-watt unit, complete shielding of the micro-
phone input circuit is essential. The amplifier 
has ample gain for crystal microphones. 
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62cV. — B + C — 22.5 V. +360V. 

Fig. 1408 — Circuit diagram of the Class AB2 push-pull 61.6 10-watt output speech amplifier or modulator. 

C1 — 0.1-pfd. 200-volt paper. Rs — 47,000 ohms, !. 2 watt. (Thordarson'f-57A41). 
C2 — 0.01-pfd. 400-volt paper. RC - 1-megolun volume control. T2 — Driver transformer, p.p. 6J5s 
Cs, C7 —20-pfd. 50-volt electrol) tir. R7 — 1500 ohms, 1 watt. to 61.6s Class AB2 (Thor. 
C4, CS, Ca — 8-pfd. 450-volt eke- Bs — 750 oluns, 1 watt. darson T-84D59). 

trolytic. R9 — 12,000 ohms, 1 watt. Ta — Output transformer, type 
Bi — 4.7 megolims, 3/2 watt. Rio — 20,000 ohms, 25 watts. depending on requirement,. 
R2— 1500 ohms, 32 watt. Ro — 1500 ohms, 10 watt ,. A in ulti tap modulo t ion 
113 — 1.5 megohm, watt. Ti — Intersta ge audio, - in gle plate tran ,former (Thordarson 
R4 — 0.22 megolun, 1/2 watt, to p.p. grids, 3:1 ratio T-19M15) is shown. 

stituted for the universal 
modulation transformer 
shown. 
The power supply should 

have good voltage regula-
tion, since the total " B" 
current varies from approx-
imately 140 ma. with no 
signal to 265 ma. at full out-
put. A heavy-duty choke-
input plate supply should 
be used: general design 
data will be found in Chap-
ter Eight. Heater require-
ments are 6.3 volts at 3 am-

Fig. 1409 — Underneath the chassis of the 40-watt 
speech amplifier-modulator. 

This unit may be used to plate-modulate 80 
watts input to an r.f. amplifier. For cathode 
modulation, the input that can be modulated 
will depend upon the type of operation chosen, 
as described in Chapter Five; with 55-per-cent 
plate efficiency in the r.f. stage, for instance. 
the input may be of the order of 200 watts, 
making an allowance for the small amount of 
audio power taken by the grid circuit. 
A high-power Class B modulator can be 

driven by the unit; data on suitable modulator 
tubes are given later in this chapter. Zero-bias 
tubes should be used, because they present a 
more constant load to the 6L6s than do rela-
tively low amplification-factor tubes which re-
quire fixed bias for Class B operation. A suit-
able Class B driver transformer should be sub-

Fig. 1410— An all-triode speech amplifier with push-
pull 6134G output, for driving a Class B amplifier requir-
ing seven watts or less on the grids. The end-on con-
struction permits mounting another similarly-con-
structed unit on the same rack panel. 
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Fig. 1411 — Bottom view of the all-triode 
speech amplifier. Yt iring is simple and the 
whole unit is easy to construct. 

pores. Bias for the 61.6 stage is most 
conveniently supplied by a 22.5-volt 
"B"-battery block; a small-sized unit 
will be satisfactory, since no current 
is drawn. 
An all-triode speech amplifier — 

Triodes are preferable to tetrodes 
as drivers for Class B modulators 
because their lower plate resistance 
means better output-voltage regulation and 
hence less distortion under the varying load 
presented by the Class B grids. Where an 
output of 10 watts or less is needed to 
drive a Class B amplifier, low-g triodes such 
as the 2A3, 6A3, and 6B4G can be used. The 
amplifier shown in Figs. 1410 and 1411 uses a 
pair of 6B4Gs in push-pull, driven by a three-
stage triode amplifier which provides ample 
gain for communications-type crystal micro-
phones. 
The circuit diagram is given in Fig. 1412. 

The first stage, a 681.'5, is resistance-coupled to 
a 6J5, which in turn is impedance-coupled to a 
second 6J5. The latter tube is transformer-
coupled to the 6B4G grids. The combination of 
impedance- and transformer-coupling keeps 
the stage gain high and restricts the frequency 
response to the range most useful for voice 
communication. The volume control is in the 
grid of the second stage. The circuit is quite 
straightforward throughout. Bias for the 
6B4Gs is obtained from the drop in a resistor 
(R10) in series with the filament-supply center-
tap. 

The amplifier is built on a 6 X 14 X 3-inch 
chassis arranged for end-mounting from a rack 
panel. This type of construction uses very little 
panel space and permits mounting another unit 
such as a power supply or modulator on the 
same panel. In Fig. 1410 the tube at the left 
front, just above the microphone jack, is the 
6SF5. The first 6J5 is at the right, with the gain 
control on the chassis wall below it. The cou-
pling choke, Li, is behind and between the 
first two tubes, and is followed, going toward 
the rear, by the second 6J5. the push-pull 
coupling transformer, the 6B4Gs, and the out-
put transformer. The wiring underneath the 
chassis is shown in Fig. 1411. 
The type of output transformer to use will 

depend upon the grid-to-grid impedance of the 
Class B tubes to be driven, and should have 
the proper turns ratio to work between that 
impedance and the 5000 ohms plate-to-plate 
required for optimum operation of the 6B4Gs. 
The measured output from the transformer 
secondary is 7 watts. Power requirements of 
the amplifier are 3 amperes at 6.3 volts and 
100 ma. at 300 volts. 

Fig. ¡¡12— Circuit diagram of the all-triode speech amplifier. 
CI, Ca. C8 — 10-afd. 50-volt electrolytic. 
Ca — 470-ppfd. mica. 
Ca, CO — 8.5fd. 450-volt electrolytic. 
C4, Cs, C7 — 0.0047-51d. mica. 
Hi — 2.2 megohms, watt. 
Ra — 4700 ohms, watt. 
Ra — 0.47 megohm, 14 watt. 
— 47,000 ohms, 14 watt. 

Ha — 1-megohm potentiometer. 
Rs — 2200 ohms, 1'4 watt. 
Ri — 0.22 megohm, )4 watt. 
R8 — 1500 ohms, 14 watt. 

T2 

r;:otpUt 

Ila — 10,000 ohms, 2 watts. 
lito — 1000 ohms, 10 watts. 
— 300 henrys, 5 ma., 6170-ohms d.c. resistance 

(Thordarson T-37C36). 
Ji — Microphone connector (Amphenol 75-PC1111). 
.12 — Octal socket, male (Amphcuol 86-CP8). 
RFC — 2.5-mh. r.f. choke. 
Tt — Interstagc transformer, single plate to p.p. grids, 

3:1 ratio (Thordarson T-57A41). 
Ta — Variable-ratio driver transformer (UTC PA-

53AX). 
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TABLE I - RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 
Data are given for a plate supply of 300 volts; departures of as much 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 new voltage. Voltage gain is 
measured at 400 cycles; condenser values given are based on 100-cycle cut-off. For increased low-frequency response, ell condensers 
may be made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the 
same proportion). A variation of 10 per cent in the values given has negligible effect on the performance. 

6C6, 6J7, 6W7, 
7C7, 57 
(pentode) 

Plate 
Resistor 
" teeter 

Next-Stage 

Resist Grid 
Meg o honirs 

Screen 
Resistt r 
Meg ohms 

Cathode 
Resistor 

Ohms 

Scren 
BY-Pass 

mid. 

Cathode 
By-pass 

dd. 

Blocking 
Condenser 

yid. 

0.02 
0.01 
0.006 

Output 
Volts 

(Peak), 

55 
81 
96 

Voltage ,-....in2 
''''' 

61 
82 
94 0.1 

0.1 
0.25 
0.5 

0.44 
0.5 
0.53 

500 
450 
600 

0.07 
0.07 
0.06 

8.5 
8.3 
8.0 

0.25 
0.25 
0.5 
1.0 

1.1 tt 
1.18 
1.45 

1100 
1200 
1300 

0.04 
0.04 
0.05 

5.5 
5.4 
5.8 

0.008 
0.005 
0.005 

81 
104 
110 

104 
140 
185  
161 
350 
240 

0.5 
0.5 
1.0 
2.0 

2.46 
2.9 
2.95 

1700 
2200 
2300 

0.04 
0.04 
0.04 

4.2 
4.1 
4.0 

0.005 
0.003 
0.0025 

75 
97 
100 

6C8G 
(one triode 

unit) 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

2120 
2840 
3250 

- 
- 
- 

3.93 
2.01 
1.79 

0.037 
0.013 
0.007 

55 
73 
80 

22 
23 
25 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

4750 
6100 
7100 

- 
- 
-  
- 
- 
-  
- 
- 
- 

1.29 
0.96 
0.77 

0.013 
0.0065 
0.004 

64 
80 
90 

25 
26 
27 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

9000 
11,500 
14,500  
1300 
1600 
1700 

0.67 
0.48 
0.37 

0.007 
0.004 
0.002 

67 
83 
96 

27 
27 
28 

6F5, 6SF5 , 
704 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

5.0 
3.7 
3.2 

0.025 
0.01 
0.006 

33 
43 
48 

42 
49 
52 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

2600 
3200 
no 

- 
- 
- 

2.5 
2.1 
2.0 

0.01 
0.007 
0.004 

41 
54 
63 

56 
63 
67 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

4500 
5400 
6100 

- 
- 
- 

1.5 
1.2 
0.93 

0.006 
0.004 
0.002 

50 - 
62 
70 

65 
70 
70 

6F8G (one 
triode), 

635, 6.15G, 
7A4, 7N7, 
6SN7G (one 

triode) 

0.05 
0.05 
0.1 
0.25 

- 
- 
- 

1020 
1270 
1500 

- 
- 
- 

3.56 
2.26 
2.15 

0.06 
0.034 
0.012 

41 
51 
60 • 

13 
14 
14 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

1900 
2440 
2700 

- 
- 
- 

2.31 
1.42 
1.2 

0.035 
0.0125 
0.0065 

43 
56 
64 

14 
14 
1 A 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

4590 
5770 
050 

- 
- 
- 

0.87 
0.64 
0.54 

0.013 
0.0075 
0.004 

46 
57 
64 

14 
14 
14 

6R7, 6R7G, 
7E6 

0.05 
0.05 
0.1 
0.25  
0.1 
0.25 
0.5 

- 
- 
- 

1600 
2000 
2400 

- 
- 
- 

2.6 
2.0 
1.6 

0.055 
0.03 
0.015 

50 
62 
71 

9 
9 
10 

0.1 -3800 
- 

2900 

4400 

- 
- 
- 

1.4 
1.1 
1.0 

0.03 
0.015 
0.007 

52 
68 
71 

10 
10 
10 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

6300 
8400 

10,600 

- 
- 
- 

0.7 
0.5 
0.44 

0.015 
0.007 
0.004 

54 
62 
74 

10 
11 
11 

6SC7 
(one triode) 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

750 
930 
1040 

- 
- 
- 

- 
- 
- 

0.033 
0.014 
0.007 

35 
50 
54 

29 
34 
36 

0.25 
 1.0  

0.25 
0.5 

 1.0  

- 
- 
- 

1400 
1680 
1840  

-- 
- 
- 

-. 
- 
- 

0.012 
0.006 
0.003 

45 
55 
64 

39 
42 
45 

0.5 
0.5 
1.0 
2.0 

- 
-- 
- 

2330 
2980 
3280 

- 
- 
--  
0.10 
0.09 
0.09 

- 
-• 
- 

0.006 
0.003 
0.002 

50 
62 
72 

45 
48 
49 

6517 

0.1 
0.1 
0.25 
0.5 

0.35 
0.37 
0.47 

500 
530 
590 

11.6 
10.9 
9.2 

0.019 
0.016 
0.007 

72 
96 

101 

67 
98 
104 

0.25 
0.25 
0.5 
1.0 

0.89 
1.10 
1.18  
2.0 
2.2 
2.5 

850 
860 
910 

0.07 
0.06 
0.06 

8.5 
7.4 
6.9 

0.011 
0.004 
0.003 

79 
88 
98 

139 
167 
185 

0.5 
0.5 1.0 

2.0 

1300 
1410 
1530 

0.06 
0.05 
0.04 

6.0 
5.8 
5.2 

0.004 
0.002 
0.0015 

64 
79 
89 

200 
238 
263 

6507, 6136G, 
7136,2A6, 75 

0.1 

0.25 

0.1 
0.25 
0.5 

- 1900 
- 2200 
- 2300 

-- 
- 
-- 

4.0 
3,5 
3.0 

0.03 
0.015 
0.007 

31 
41 
45 

31 
39 
42 

0.25 
0.5 
1.0 

- 
- 
- 

3300 
3900 
4200  
5300 
6100 
7000 

- 
- 
-  
- 
- 
- 

L7 
2.0 
1.8 

0.015 
0.007 
0.004 

42 
51 
60 

48 
53 
56 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

1.6 
1.3 
1.2 

0.007 
0.004 
0.002 

47 58 
62 60 
67 63 

Voltage across next-stage grid resistor at grid-current point 
At 5 volta tm.s. output. 
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Class-B 
Tubes (2) 

Fil. 
Volts 

Plate 
Volts 

Grid 
Volts 
App. 

Peak A.F. 
Grid-to-Grid 

Voltage 

Zero-Sig., 
Plate Current 

Ma. 

Max.-Sig.' 
Plate Current 

Ma., 

Load Res, 
Plate-to-Plate 

Ohms 

Max.-Sig. 
Driving Power 

Watts, 

Max.-Sig.' 
Power Output 

Watts' 

HY65, 6.3 450 - - - 125 -- 0.4 34 
HY31Z4, 6.3 300 0 104 20 100 5,000 1.4 18 
815, 6.3 400 

500 
is 

-15 
60 
60 

22 
20 

150 
150 

8,000 
6,200 

0.36 
0.36 

42 
54 

HY6L6GX7 6.3 400 -25 80 100 230 3,800 0.35 60 
500 -25 80 100 230 4,550 0.6 75 

TZ20 7.5 800 0 160 40 136 12,000 1.8 70  
HY61 /807, 6.3 400 -25 80 100 230 3,800 0.35 60 
HY69, , 6.3 300 -25 106 60 150 4,000 0.25 30 

600 0 171 18 180 6,000 Note 9 75 HY3OZ 6.3 750 
850 

0 
0 

167 
171 

22 
28 

180 
180 

8,000 
10,000 .. 95 

110 
807 8, 6.3 400 -25 78 100 240 3,200 0.2 55 
HK24 6.3 1000 

1250 
-29 
-42 

248 
256 

30 
24 

150 
136 

15,000 
21,200 

4 .5 
4.2 

105 
120  

809 6.3 
500 
750 

0 
- 4.5 

135 
140 

40 
40 

200 
200 

5,200 
8,400 

L4 
2.4 

60 
100 1000 -10 156 40 200 11,600 3.4 145 

750 0 171 32 225 6,000 Note 9 110 HY4OZ 7.5 850 0 185 40 250 7,000 .. 155 1000 0 185 45 250 9,000 0 185 
811 A, 

. "• "' 
1250 
1500 

0 
- 9 

140 
160 

48 
20 

200 
200 

15,000 
18,000 

3.8 
4.2 

175  
225 

5.0 1000 -22 - -- - 7,200 --- 150 35T to 1250 -30 --- .- - 9,600 -- 200 5.1 1500 -40 --- - - 12,800 .__,._ 230 
1000 0 220 - 280 7,350 5.5 175 TZ40 7.5 1250 - 4.5 269 - 280 10,000 6.0 225 1500 - 9 265 - 250 12,000 6.0 250 

203-A 10 1000 
1250 

-35 
-45 

310 
330 

26 
26 

320 
320 

6,900 
9,000 

10 
11 

200 
260 

211 10 1000 -77 380 20 320 6,900 7.5 200 1250 -100 410 20 320 9,000 8.0 260  
838 10 1000 0 200 106 320 6,900 7.0 200 

1250 0 200 148 320 9,000 7.5 260 
1500 -45 300 40 198 16,800 5.0 200 HK54 5.0 2000 -70 360 24 180 36,000 6.0 260 2500 -85 360 20 150 40,000 5.0 275 
850 0 148 48 300 5,000 Note 9 160 HY51Z 7.5 1000 0 170 60 350 6,000 260 

1 250 0 155 90 300 10,000 
if 285  

203-Z 10 1000 
1250 

0 
- 4.5 

206 
215 

50 
60 

350 
350 

6,200 
8,000 

6.5 
6.75 

230 
 300  

i i o 190 70 310 6,900 5.0 200 Z8120 10 1250 0 180 95 300 9,000 4.0 245 1500 - 9 196 60 296 11,200 5.0 300  
8005 10 1250 -55 290 40 320 8,000 4.0 250 

1500 -80 310 40 310 2,500 4.0 300 
HF100 10 

to 11 
1500 
1750 

-52 
-62 

264 
324 

50 
40 

270 
270 

12,000 
16,000 

2.0 
9.0 

260 
350 

805 
RK57 10 1250 

1500 
0 

-16 
235 
280 

148 
84 

400 
400 

6,700 
8,200 

6.0 
7.0 

300 
370 

75T 5.0 
1000 
1500 

-- 
-- 

-- 
- 

-- - 
- - 

6,800 
10,000 

-- 
.--- 

200 
300 2000 - - - - 12,500 ,---- 400 

100TH 
5.0 
to 

2000 
1500 

Bias adjusted for max 
under no. 

mum rated pia e dissipation 
!gnat conditions 

16,000 
22,000 

May be driven 
by pushrpull 

380 
460 5.1 3000 Zero bias up to 1250 v. plate 30,000 6L6s 500 

HD203-A 10 1500 -40 - 36 425 8,000 400 1750 -67 - 36 425 9,000 Note 8 500 

HK254 5.0 
2000 
2500 

-65 
-80 

400 
420 

50 
50 

260 
248 

16,000 
22,000 

7.0 
7.0 

328 
418 3000 -100 456 40 240 30,000 7.0 520 

810 10 1500 -30 345 80 500 6,600 12 510 

1 Values are tor both tubes. 
2Sinusoidal signal values; speech values are approximately one-half for tubes biased to approximate cut-off and 80 per cent for 

zero-bias tubes. 
Values do not include transformer losses. Somewhat higher power is required of the driver to supply losses and provide good regu-

lation. Input transformer ratios must be chosen to supply required power at specified grid-to-grid voltage with ample reserve for losses 
and low distortion levels. Driver stage should have good regulation. 

Dual tube. Values are for one tube, both sections. 
Instant-heating filament type. 

5 Beam tube. Class AB,. Screen voltage: 125 at 32 ma. 
7Beam tube. Class ABS. Screen voltage: 300. 
5Can be driven by a pair of 2A3s in push-pull Class AB at 300 volts with fixed bias. 
Driver: one or two 45s at 275 volts, self-biased (- 55 volts). 

to Beam Tube. Class AB,. Screen voltage: 300 at 10 ma. Effective grid circuit resistance should not exceed 500 ohms. 
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Fig. 1413 — Class 11 modulator circuit diagrams. Tubes 
and circuit considerations are discussed in the text. 

Class-B Modulators 

Class B modulator circuits are practically 
identical no matter what the power output of 
the modulator. The diagrams of Fig. 1413 
therefore will serve for any modulator of this 
type that the amateur may elect to build. 
The triode circuit is given at A and the circuit 
for tetrodes at B. When small tubes with in-
directly-heated cathodes are used, the cathode 
should be connected to ground. 

Design considerations for Class B stages 
are discussed in Chapter Five, and data on 
the performance of various tubes suitable 
for the purpose are given in the ac-
companying tables. Once the requisite 
audio power output has been determined 
and a pair of tubes capable of giving 
that output selected, an output trans-
former should be secured which will per-
mit matching the rated modulater load 
impedance to the modulating impedance 
of the r.f. amplifier. Similarly, a driver 
transformer should be selected which will 
properly couple the driver stage to the 
Class B grids. 
The plate power supply for the modu-

lator should have good voltage regulation 
and must be well filtered. It is particularly 
important, in the case of a tetrode Class 
B stage, that the screen-voltage power-
supply source have excellent regulation, 
to prevent distortion. The screen voltage 
should be set as exactly as possible to the 
recommended value for the tube. 

In estimating the output of the modu-
lator, it should be remembered that the 
figures given in the tables are for the tube 
output only, and do not include output-
transformer losses. The efficiency of the 

output transformer will vary with its construc-
tion, and may be assumed to be in the vicinity 
of 80 per cent for the less-expensive units and 
somewhat higher for higher-priced transform-
ers. To be adequate for modulating the 
transmitter, therefore, the modulator should 
have a theoretical power capability about 25-
per-cent greater than the actual power needed 
for modulation. 
The input transformer, T1, may couple 

directly between the driver tube and the modu-
lator grids or may be designed to work from a 
low-impedance (200- or 500-ohm) line. In the 
latter case, a tube-to-line output transformer 
must be used at the output of the driver stage. 
This type of coupling is recommended only 

• 

Fig. 1414 — A Class B modulator using all.s 
or similar tubes (right-hand unit) panel-
mounted with its associated speech amplifier. 
The latter is the all-triode amplifier shown in 
Fig. 1410. The Class B output transformer 
is mounted at the panel end of the chassis for 
good weight distribution. The transformer at 
the rear is the filament transformer for the 
Class B tubes. 
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* 

Fig. ///:i \ rim% chits- is ae rang. - 
merit for - ud im•dioin-uo,,r I la- it 
modulator -tau.... The uneehanieal la.init in 
general folio, • the is pical circuit diagrams 
givon in 1. lit. I I I.s. 

wheIi the driver must Ifet at a considerable 
distance from the modulator. since the sleeting 
transformer not only introduces additional 
losses but also further impairs the voltage 
regulat ion. 
The bias source for t he modulator must have 

very low resistance. Batteries are the twist 
suitable source. In cases where the voltage 
values are correct. regulator tubes suelt ist he 
VR-75-30, VIZ- 105-30, etc.. may be connected 
across a tap on an a.c.-operated bias supply to 
hold the bias voltage steady under grid-current 
conditions. Generally, however, zero-bias mod-
ulator tubes are preferable, not only tueca use 110 
bias supply is required but also beat:fuse the 
loading on the driver stage is less variable and 
consequently distortion in the drivor is rt.-
duced. 

Condenser Ci in these diagrams will give a 
"tone-control" effect and filter out high-
frequency sir ebands (splatter) ea used by dis-
tortion in t he modulator or preeef ling speech-
amplifier striges. Values in t he neighborhood of 
0.002 to 0.005 afd. are suitable. Its voltage 
rating should be adequate for t he peak voltage 
across the transformer secondary. The plate 
by-pass condenser in the modulated amplifier 
will serve Oa; :Janie purpose). 

The photographs illustrate different types of 
construction which may be used for Class B 
modulators. l'Ict actual placement of parts in 
filling the requirements of any given unit is not 

Increasing Modulation Effectiveness 

In 'phone transmis-ie tn communication is 
carried on by means of the modulation side-
bands, not the r'. f. carrier. For maximum ellee-
tiveness, therefore, tlw sideband power should 
be as high as possible. llowever, modulation - 
in excess of the capability of t lut transmit ter 
leads to overmodulation " splatter," or spu-
rious sidebands lying outside the normal com-
municatiein Inindwidth. Besides causing un-
necessary interference, overmodulatiOn con-
trary to the FCC regulations governing ama-
teur ' phone operation. 

Methods for increasing the effectiveness of 
the 'phone transmitter within the limits of 
modulation capability include rest rioting the 
audio-frequency response to t hose trequencies 
that c uft tibiae most to intelligibility, use of 
automatic gain control in the speech system, 
and premodulation clipping of peaks in the 
voiçç waveform. 

• 
Fig. 1.116 — elia4s arrangement for a 
higher-rester ( If— it  lulator. TU.: unit 
has the filament trail- former for the tube, 
mounted on the eh.i.-i:. ‘N here the input 
transhirtner with the spet,I. am-

-pace ir iii lue neisled. The 
tolre- are placeil near the rear, where Illt. 

is good. Tlie• Milli. ger is 

(iris idled tuitlitt Mall Hale uner the adjusting 
oi lit- 5,1 t the -1-1-1.11 Zirl'i. 

11,1 La II . as 11,141 for 
 hulattur: with a metal panel, till' Miler 

41011111 be gla-- tut a Mi•II-in-

sulated mount ,the Meier ; 11 , 111:Ilion is nit in' 
tended for , o!taue- above a few hundred or 
ttttt in the filament center-tap rather 
than in the high-voltage lead. 
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Fig. 1417— A tuned circuit in the audio amplifier mill 
accentuate the freq; IlelIC.1•S 1110,4 useful for vire trans-
mission. This circuit i, hest adapted to m‘e with a triode 
amplifier in the preeecling stage, but cati used is ith 
pentodes if a more "peaked" response is desired. alues 
arc discussed in the text. 

Restrict in g frequency response — Most of 
the intelligibility in speech is contained in the 
frequency range from about 500 to 3000 cycles 
per second. On the other hand, thelarger part 
of the powei in speech, especially in male 
voices, is in the frequencies below 500 cycles. 
With ordinary fiat-frequency amplification, 
therefore, a large part of the modulator power 
output is devoted to reproducing frequencies 
that do not contribute materially to under-
standable speech. By attenuating the fre-
quency response below 400 or 500 cycles the 
gain can be increased for the highet freouencies 
without overloading the modulator, thereby 
considerably increasing the effectiveness ot 
the transmitter for communication purposes. 

Fig. 1417 shows a simple tuned circuit that 
can be installed between two speech-amplifier 

should 
the stages to restrict the frequency resPcue 

most useful frequencies. The LC circet e 
be adjusted to resonate at approximatcOr 1000 
to 1500 cycles. Representative values Would 
be 10 henrys and 0.001 pfd. The reseitant 
frequency can be adjusted either by changmg 
the capacitance of the condenser or by varying 
the inductance of the coil by varying the 
width of the air-gap in the core. 

In an ordinary resistance-coupled amplifier, 
the high frequencies can be attenuated by 
shunting a capacitance from plate to ground 
or front grid to ground — the common " tone-
control" circuit (§ 7-5). Low-frequency re-
sponse can be reduced by using a small cou-
pling condenser or low value of grid resistor. 
Il the product of the grid coupling-condenser 
capacitance (in microfarads) by the grid-leak 
resistance (in megohms) is made equal to 
about 0.001 the response will drop off con-
siderably below about 500 cycles. 
Volume compression — It is highly desir-

able to maintain the modulation at as high a 
level as possible without going into the over-
modulation region. Usually the modulation 
varies over a considerable range as the opera-
tor raises or lowers his voice, moves toward or 
away from the microphone, and so on. If 
automatic gain control or " volume compres-
shm" is incorporated in the speech amplifier 
the gain may be set at a value that gives full 
modul-tion when talking at a low level and 

I IS YA C. 
Fig. 1418 — Circuit diagram of the Class.A 2A3 volume.eompression speech amplifier. 

CI, Cl2 — 10-pfd. 50-voit electrolyt-
ic. 

C2, C4, Cs, CG, Co, CIO* CO3 C13 — 
0.1-pfil. .100- volt paper. 

C3, Cs —8-pfd. 450-voit electrolyt-
ic. 

Cr — 0.47-nfd. 400-volt paper. 
RI — 4.7 megobms, 34 watt. 
Ra, Re — 1200 ohms, j(2 watt. 
R3, R7 — 2.2 megolnns, 5.¡ watt. 

Ri, R13, Bra, R24 — 0.47 megolum 
14 watt. 

Rs — 47,000 ohms, .1,¡ watt. 
Re, 1120 — 0.5-MegOilIll variable. 
Re — 0.22 megolint, 1 watt. 
Rio, Itii, 1123 — 0.1 megolim, 

watt. 
Ria — 10,000 ohms, % watt. 
RI4 — 1500 Ohms, 34 watt. 
RIS, Rie — 0.1 mcgollin, 1 watt. 

Ri;, RI., Iliü — 0.22 inegolim, 
watt. 

Rai — 4700 ohms, 34 watt. 
Raa — 750 ohms, 10 is atts. 
Si, S2 — S.p.s.t. switch. 
Ti — Output transformer to match 

p.p. 2:13s to Class 
— Filament transformer, 6.3 

volts, 2 amperes. 
Ta — Filament transformer, 2.5 

volts, 5 amperes. 
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6J5 
From 
Preamp, 

R, 

Fig. ¡ f19— Low.le% 
RI is not required if 

• — 10-mfd. 2-volt elertrok tic. 
02, C3 — I. -I 39-vol, elect rol 
• — 25-pfd. 2.5.v oit elected. tic. 
Cs, Co — 0.023 * 5 %: 
C7, C8 — 0.07 pfd., ± 5 %. 
• — 0.08 pfd., ± 5 %. 
Ri — 0.5.mcg. pot., a.î. taper. 
112— 1000 ohms, 1 watt. 
113-0.15 mrgnlitn, 1 watt. 
rc4 — 0.22 megollin, 1 watt. 
115 - 0.17 megultm, 1 watt. 

1.3 L 

IC7 IC9 R 

+250V 50 MA 
(well filtered) 

ro 
speech 
Amp. 
Grid 

7i) Heaters 

- 6.3V. A C. 

full.wave clipter system. The gain control 
one of the preceding stages has a gain control. 

Ro — 0.22 megohm, 1 watt. 
R7 390 ohms, 2 watts. 
Rs — 1000 ohms, ± 10%, 5 wilt Ift. 
Re — 1000-ohm pot., a.f. taper, ± 10% (check with ac-

curate ohmmeter). 
Li — 30-mh. iron-core choke. 1.3 —. 80-11111. iron-core choke. 
— 30-mh, iron-core choke. 

RI, R2 — 71 2-VOit "C" battery. 
Ti — 2:1 or 3:1 ratio. 

the output then will be hdd at approximately 
the 100-per-cent. modulation level when louder 
sounds strike the microphone. Automatic gain 
control is simple in principle; some of the 
audio output is rectified and filtered to pro-
duce a d.c. voltage I hat varies with the speech 
amplitude. and this voltage is used to bias 
a tube in tite early speech-amplifier stages so 
that the louder the sound the greater the 
reduction in over-all gain. 

Fig. 1418 is the circuit diagram of a speech 
amplifier with volume compression. suitable 
for working from a crystal microphone and 
having a power output (6 watts or more, 
depending upon the efficiency of the output 
transformer) sufficient to drive a Class B 
modulator to an output of about 250 watts. 
The automatic gain-control circuit uses a 
separate amplifier and rectifier combined in 
one tube, a GSQ7. The rectified output of this 
circuit is filtered and applied to the No. 1 and 
3 grids of a pentagrid amplifier tube, thereby 
varying its gain in inverse proportion to the 
signal strength. With proper adjustment, an 
average increase in modulation level of about 
• db. tam bo mecum(' without. exceeding 100-
per-cent modulation on peaks. 
The amplifier proper consists of a 6J7 first 

stage followed by a GU amplifier-compressor. 
The 2A3 grids are driven by a GN7 self-balanc-
ing phase inverter. The operation of the 2A3s is 
purely Class A, without. grid current. 
The amount of compression is controlled 

by the potentiometer, 1120, in the grid circuit 
of the 6SQ7. A switch, Si, is provided to short-
circuit the rectified output of the compressor 
when normal amplification is required. 

Adjustment of the compressor control is 
rather critical. First set R20 at zero and adjust 
the gain control, RG, for full modulation with 
the particular microphone used. Then ad-
vance the compressor control until the ampli-

fier just " cuts off" (output. decreasing to a low 
value) on peaks; when this point is reached, 
back off the compressor control until the cut-
off effect is gone but an obvious decrease in 
gain follows each peak. 

Because of the necessity for filtering out the 
audio-frequency component in the rectifier out-
put, there will be a slight delay (amounting to a 
fraction of a second) before the decrease in gain 
"catches up" with the peak. This is caused by 
the time constant of the circuit, and so is 
unavoidable. 
When a satisfactory setting is secured, as • 

indicated by good speech quality with a 
definite reduction in gain on peaks, the gain 
control, 1?6, should be advanced to give full 
output with normal operation. Too much vol-
ume compression, indicated by the cut-off 
effect following each peak, is definitely un-
desirable, ami the object of adjustment of 
the compressor control should be to use as 
much compression as possible without danger 
of overcompression. 

Clipter circuit — Sideband power can be 
greatly increased by cutting off those com-
ponents in the speech wave that have high 
peak but low average amplitude. For distortion-
less amplification the presence of such peaks 
requires •considerable power capability on the 
part of the modulator, but this capability 
cannot be utilized because the ratio of peak 
to average amplitude is high. Cutting off the 
peaks decreases this ratio to such an extent 
that much more effective communication is 
possible, at some sacrifice in naturalness. The 
intelligibility is greatly improved when the 
signal is weak at the receiving station because 
the greater sideband power " cuts through" 
noise and interference. As much as 25 db. of 
clipping is advantageous under such condi-
tions. 
The clipping must be done in the speech 
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+H.V. 
Fig. 1-120 — "Budding nut— tile ntodulatirm transformer 
to form a toit - pass lilter to eut off high frequencies re-
sulting from distortion in the Class It modulator. Values 
of ernidensers C1 and C2 must Ire determined by trial as 
explained in the test _\liia condensers generally are 
required in view of the audio voltages present across the 
transformer windings. Capacitances from 0.001 to 0.006 
pfd. usually arc in the proper range. 

amplifier and the clipped out put must be 
passed through a filter to eliminate the high-
frequency harmonics that. result from clipping. 
The filter should be of the low_pass type 
designed to have a cut-off frequency in the 
vicinity of 3000 to 4000 cycles. 

Fig. 1419 shows a premodulation clipping 
and filter circuit, or " clipter," that. may be 
inserted between two stages in any ordinary 
speech amplifier at a point where the kvel is 
about O volts peak. At this level the clipter 
will provide about 25 db. of clipping at the 
maximum setting. It consists of a 6.15 ampli-
fier t ransformer-coupled to a pair of oppositely-
connect ed diodes i6AL5) which short-circuit 
the output. of the 6J5 above a predetermined 
level. Both positive and negative peaks are 
clipped. The resultant signal is fed itt t lie grid 
of a fiV6 amplifier and thence through a low-
pass filter consisting of LI, L., 1,3, Lt, (7,, C6, 
Cr. Cs and C9. The output at R9 is about 4 
volts peak for all degrees of clipping. The 
filler shown has a eut-off frequency of ap-
proximately 4000 cycles. 

Under eolith( ions of maxinmm clipping, the 
peak voltage across the secondary of 7'1 will 
reaelt about 200 volts. A husky int erst age trans-
former with a well-clamped core is necessary in 
order to avoid acoustical lamination chatter. 
The shunt diode clipper shown has a negli-

gible time constant. and holds the peak out put 
voltage to a negligible rise as clipping is in-
creased from threshold to 25 dit. It- is import ant 
that leads between R.1. R9. 116, the 6AL5, and 
the control grid of the 6V0 he kept short and 
not cabled with other It or run against the 
chassis, in order to minimize the time constant 
of the chopper circuit. 
The filter illustrated was designed to use 

standard values of commercially-available 
elnikes. The filter caparitanee values can best 
be obtained by eheeking with an accurate 
capacitance meter or britlge, paralleling two 
or more eapaeitors to get tin' desired value 
when necessary. Tubular paper capacitors 
have sufficiently high Q for the purpose. and 
the better grattes will be found to run within 
5 per cent of their marked values. 
To take full advantage of the clipping 

feature the transmitter must be capable of 
100-per-cent sine- ware modulation with low 
distortion. To adjust the system, turn the 
gain control 1.111 or other preamphfier control) 
full on and the clipping level control, 1?,, full 
I M. Then. using ordinary speech, advance R9 
Until the transmitter shows signs of being 
modulated at a low level. Listening on a ' phone 
monitor or the station receiver, adjust /?1 to 
the highest setting that gives good intelli-
gibility. 
Now advance R9 to a position just, below the 

point where splatter is heard when the station 
receiver (assuming it is a superhet with an-
tenna terminals shorted to ground) is tuned 
just. off the signal. l-lave another station, 
preferably nearby. check for splatter just to 
be sure. Potentiometer R9 then need not be 
touched unless the adjust ments to the modu-
hit ed r. f. stage, particularly loading, are altered 
appreciably. 

If an oscilloscope is available it may be used 
to check the waveform out of the modulator 
to ascertain whether the tops of the clipped 
waves are flat,. It may also be used to check 
the modulation envelope of the r. f. carrier and 
determine whet her the negative peaks are 
being clipped in the Class stage (negat ive 
modulation in excess of 100 per cent). The 
latter condition is the worst offender so far as 
splatter is concerned, particularly with plate 
modulation. If the condition exists, it will be 
necessary to back off on 1119 until it is corrected. 
For further details see article by W. W. Smith 
in February, 19-1G, OST. 
Redaction itf high-frequency sidebaruls — 

Even though means may be incorporated in 
the speech amplifier to attenuate frequencies 
above those necessary for intelligible speech, 
it is still possible for high-frequency sidebands 
to be radiated if distortion occurs in the 
modulator, or if the transmitter is overmodu-
lated. Iligh frequencies arising as the result 
of modulator distortion can be attenuated by 
the circuit arrangement shown in Fig. 1420. 
Tice condensers across the primary and second-
ary act in conjunction wit h t he leakage re-
actance of the transformer windings to form 
a low-pass filter having a cut-off frequency 
determined by t he capacitance am! t he leakage 
iteluctztnce. Since the latter will vary with 
differeitt transformers it will be necessary to 
th•termine the Kuper values of capacitance by 
trial. The voltage ratings of the condensers 
should be at least as high as the tic. plate 
voltage applitsl to the tube or tubes with 
which the transformer winding is associated. 
The condenser values can be ft utul with 

the aid of an audio-frequtmcy oscillator awl 
out put-voltage measuring de vire such as a 
copper-oxide-reetifier %-oli meter. For test pur-
poses the audio-frequency input voltage can 
be kept low so that I he meter range will not 
be exeeeded. With the Class C r. t. amplifier 
disconnected. the met (' t. should be connected 
across the Class B output-transformer sec-
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CLASS-C AMP 
POWER SUPPLY 

Mod 
Trans To Class-C 

Amp plate 

PowerSupply 

ALTERNAT IVE METER 
RETURN 

Fig. 1121 — A negative-peak overmodulation indicator. 
Alilliammeter A1.I May any lou -range instrument 
(up to 0-50 Ma, or so). The et., peak t:um rating 
of the rectifier, 1", tint-t be at lea- t equal to the 
vldtage applied to the plate of the r.1. 'Flic 
alternative meter-return circuit can Ile tll indicate 
 dulation in excess of any desired value below 100 
per cent.. 

ondary and the audio oscillator should be 
connected in place of the microphone. ( 1f the 
oscillator output voltage is too high to permit 
this, it may he cut in at a later speech stage.) 
With constant input voltage, vary the fre-
quency while trying different vitltti' it capac-
itance across the primary : ind secondary until 
values are found that result in a pronounced 
drop in output above exult 3000 cycles. The 
same meter May he used for checking both 
input and output voltages if it is of the mult 
range type and the oscillator output is ap-
plied to a speeelvamplifier stage where a level 
of a few volts is permissible. 

Tluy spurious sit lei Is SPt up by OVer-

MO( Mini i011 will not be prevented by the 
system :Wove. The only way to prevent over-
modulation is to monitor the transmissions 
continuously. with a device such as a simple 
cat hode-ray oscilloscope (by far t he most 
satisfactory type of 'phone monitor) ol. the 
negative-prak indicator shown in Fig. 1-121. 
Overmodulation On negative peaks is more 
likely to result in spurious sidebands than 

• 

- milt is 
ItIl 11101"111.111 
ter- I. er r.' t''''' -modulated output. 

It ,mains a - peeeli amplifier and tower 
ott ' I'd. 

4,-einatl,e the round ran 
the venter. The coil in the left fm•t•groutul is 
tlit• Ituffri output tlicuit. The - tweet, amplifier 
and modulator are at tb, right, isi tit the plus ur 
supply along tlàc rear. A 7 X 11-inch clias,ts 
is used. • 

• 

positive overmodulation because of the sharp 
break that occurs when the carrier is suddenly 
cut off and on. The milliammeter in the 
negative-peak indicator of Fig. 1421 will show 
a reading on each overmodulation peak that 
carries the instantaneous voltage on the plate 
of the t'Ia,:s ( t modulated amplifier " below 
zero" hat is, negative. The rectifier, V, 
cannot conduct so long as the negative half 
cycle of audio out voltage is less than the 
d.c. voltaue applied to the r.f. tube. The 
rectifier tube must be of a t,vprt suitable for 
the Class U plate voltage employed. and its 
filament t ransfortner must have similarly-rated 
insulat ion. 
The effect iveness of the monitor is improved 

if it indicates at somewhat less than 100-per-
cent modulation, as it will then warn of the 
danger of overmodulation before it actually 
oecurs. It can be adjusted to indicate at any 
desired modulation percentage by making the 
meter return to a ptiiiit on the power-supply 
bleeler as shown in the alternative diagram. 
The by-pass condenser, C, insures t hat the 
full audio voltage appears across t he indicator 
circuit. The modulation percentage at which 
the system indicates is determined by the 
ratio of the d.c. voltage between the meter 
tap and the positive terminal to the total d.c. 
voltage. 

Frequency Modulation 

At the present time the common method of 
frequency modulation is to vary the frequency 
of the eontrolling oscillator in the transmitter 
by means of a reactance modulator. This type 
of modulator may be applied either to a self-
controlled or crYstal-controlled oscillator. In 
the former case it can produce fairly wide-
ha it, frequency modulation in t he v.h.f. region, 
atol course may he designed so that it gives 
namtw-band f.m. (in which the deviation ratio 
is limited to about 0.5, thus giving an f.m. 



326 @tapie,. .7ottrieen 

115V. 
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63V C. 

80 
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65.175 61_7 6C5 

o  
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o 

6C5 

RFC 

T C22 M 23 

Fig. 1423 — Circuit diagram of the fan. control unit for use with normally crystal-controlled V. I.f. VaIlSo1I (ers, 

• 150-ggfd. silvered ( mica for 
7 Mc.) 

Cl — 100-gg fil. variable (National 
SE- I00). 

C3 — 50-551d. variable (ilammar-
lund IIF-50). 

• — 100-ggfd. mica. 
C5, Cil —  220-imfd. mica. 
C6 — 0.001.pfd. mica. 
C7, C8, C9. CIO, CI3, C15, Cl% C20 — 

paper. 
C11 — 3-30.14,fd. mica trimmer. 
CM, C22, ( :23 — 8-gfd. 450-volt elec-

trolytic. 
• CI7 — 10-51d. 25-volt electro-

CIO 0.1-gfd. 200.v oit paper. 

C21 — Diial .150-volt 8.061. electro. 
IS tir. 

le,— 0.1 megohm, 1 watt. 
Ill — 22,000 011018, 1 watt. 
ils, R.I, Ra, RII — 47,000 ohms, 1 

watt. 
Ils, Rs — 330 ohms, 3/2 watt. 
11 7, ! fi n — 0.17 megolint, J.,(2 watt. 
119— 33.0110 " 111115, 1 W,II I. 
Jill — •4.7 mogohnis, !.?, watt. 
1113 — 1000 uh 2 Watt. 

1114 — I illeg ,d1111, %N'an. 
H 15, Rio — 0.22 nwgolnia, lIait. 
E is — 0.7,-inegollo1 vol  control. 
11 17 — 2200 ohms, wait, 
Ris — 47,000 ohms, ¡.'y watt. 

signal flint () roupies substantially no 
channel width il n an a. in. signal) on the 
28-Me. band. Wit a crystal oscillator, the 

1120 — OIS megolini, I watt. 
— 7 Mc.: I I turns No. 18 c., 

length inch, 1-inch diani-
eter, tapped 3rd turn fr 
ground. 

L2-14 Mc.: 10 turns No. 18 si ire 
on diameter form 
(I I arn in a rl I S l'-4). 

Link 3 toS taros ( not cri tical ). 
—Filter choke, 10 henrys, 40 

nia. 
RFC — 2.5-mII. r.f. choke. 
S — S.p.s.t. toggle smitelt. 
Ti — 250-0.250 volts, 40 ma.; 6.3 

volts at 2 amperes; 5 volts 
at 2 amperes. (Thordarson 
T-131(11). 

more reactance modulator is capable of giving su ffi-
cient deviation for narrow-band f.m. at 28 Me. 
The unit shown in Figs. 1422, 1423 and 1424 

is a coniplete VFO-modulator 
designed to work into a nor-
mally crystal-contre ( lied trans-
mit t er using eut her 7- or 14-Mc. 
crystals. The r.f. output of I lie 
unit is intended to be fed 
through a link to a tuned-eir-
cuit coil wound on a cuit fertn 
which substitutes for the crys-
tal holder in the crystal oscil-
lator. This tuned circuit is reso-
nant at t he same frequency its 

the output tank of the control 
unit. L2C3 in Fig. 1123 and 
can, in fact, be idontical in 
construction. 

• 

1•42-8— In this bottom view of 
the f.m. modulator unit, the r.f. sec-
tion is at the right and the audio at 
the left. The oscillator socket is to the 
right of the coil socket in the conter. 
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Fig. 1425 — An f.m. frequency-con-
trol and modulator unit using react-
ance modulation of a crystal oscil-
lator. 

• 

Iii transmitters using triode oscil-
lators, or pentode crystal oscillators in 
which thr tubes are not well screened, 
it is advisable to use the crystal oscil-
lator tube as a doubler rather than as 
a straight amplifier. If the transmitter 
uses a crystal oscillator operating in 
the vicinity of 14 Mc., for example, 
the output of the unit may be on 7 
Mc. and the grid circuit of the ex-
crystal tube also tuned to 7 Me. This 
will avoid difficulty with self-oscilla-
tion in the ex-crystal stage. With a 
pentode oscillator it is possible to 
work straight through, provided the 
grid tank substituted for the crystal is 
tuned well on the high-frequency side 
of resonance, but this procedure is not ad-
visable since it may make the moclu at ion 
nonlinear. It is rather important that all cir-
cuits in the transmitter be tuned " on the nose" 
for best performance. Of course, if the crystal 
tube is a well-screened transmitting type it can 
be used as a straight amplifier. 

With harmonic-type crystal oscillator: the 
input frequency can be the same as that oi tiic 

crystal, since the output frequency of the crys-
tal tube is already a harmonic. In the Ti i-tet 
oscillator, the cathode tank should be short-
circuited; in the types using a cathode im-
pedance to provide feed-back, this impedance 

Ri2 
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Fig. 1426 — Circuit diagram of the narrow-band modulator unit with cry,tal-controlled oscillator. 
C1, Cs, Cs — 5-4/61. 50-volt electrolytic. 
CS, CS, CE, C6, Co — 0.01-Al. paper. 
C7 — 5.5-gpfd. ceramic (3-30-4wfd. trimmer adjusted 

to same capacitance may be used). 
Cm, Cu, C12, C14 — 0.001-41. mica. 
Cla 50-55 1.1. variable. 
CIS — 20-4461. 450-volt electrolytic. 
CI 6— 10-pftl. 450-volt electrolytic. 
RI — 4.7 megoltms, watt. 
Ra — 1000 ohms, .1,¡ watt. 
RS — 0.47 megolim, watt. 
114 — 22,000 ohms, .q watt. 
RS — 0.22 megolun, AI watt. 
116— 1-mcgoltm volume control. 
117 — 1500 ohms, !, watt. 

Its — 0.1 megolutt, .2 Si : III. 

It,, RI2 - 0.•17 ineg.11111. 2 watt. 
Rio — 390 ohm-, it tif. 
Bit — 0.1 meg,,Ittn. 1 ‘..itt. 
1113 — 4700 oluns, 1 watt. 
1114 — 470 ohms, JAY watt. 
RIS — 22,000 ohms, 1 watt. 
Ria — 10,000 OIMIS, 25 watts. 
Li — 56 turns No. 26 enam., 3'g-inch diam., 1% inches 

long. Link, 8 turns. 
15 henrys, 70 ma. 
klicropl -cable socket. 

RFC — 2.5-nth. r.f. choke. 
SI, Sg — S.p.s.t. toggle. 
Ti — Receiver-type power transformer: 250 to 30 

volts each side c.t. at 70 ma. 
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also should be shorted. Care should be taken 
to avoid short-circuiting the grid bias, whether 
from a cathode resistor or grid leak. In the 
latter case this usually will mean that a block-
ing condenser (470 add. or larger) should be 
connected between the " hot" end of the grid 
tank and the grid of the ex-crystal tube, with 
the grid lead (and choke) connected on the 
grid side of the condenser. Such a blocking 
condenser may be incorporated in the plug-in 
tank. The grid-tank tuning condenser may be 
a small air padder mounted in the coil form. 
Where a suitable power supply and speech 

amplifier are already available, the lower part 
of Fig. 1423 can be omitted and only the 
oscillator, buffer and modulator units need be 
built. With transformer input, the transformer 
and gain control should be connected between 
ground and point A of Fig. 1423, R7 being 
omitted. Any of the conventional methods may 
be used to couple the modulator to an available 
speech amplifier, with one precaution — if a 
high-impedance connection is used, the " hot" 
lead should be shielded to prevent hum pick-up. 

If the transmitter to be used has a self-
excited oscillator, electron-coupled or other-
wise, a separate oscillator need not be built. 
The reactance modulator can be connected 
directly across the tank circuit of the oscillator. 
The circuit constants of the oscillator in the 

unit pictured are adjusted to cover the fre-
quency range 6000-7425 kc. so that the output 
can be multiplied into the 28-, 50- and 144- Mc. 
bands. For 28- Mc, operation a multiplication 
of 4 is required; for 50 Mc., a multiplication of 
8; and for 144 Mc., a multiplication of 24. The 
output circuit, L2C3, is tunable over the range 
12-15 Mc., and thus is adapted to feeding into 
a transmitter using crystals operating in this 
range. For replacing crystals operating at half 
this frequency, L2 should have 20 turns with 
all other coil dimensions remaining the same. 

Fig. 1427 — Bottom view of the 
er.tal-controlled Ctn. unit. 

The sensitivity of the modulator is 
controlled by the setting of Cu. The 
higher the capacity of this condenser 
the smaller the frequency deviation for 
a given audio input voltage to the. Md-
ulator. At maximum sensitivity. with 
Cuat minimum tqlpettity, the linear 
deviation is approximately 1.5 kc. with 
an a.f. input to the modulator grid of 
2 volts peak. The actual deviation at 
the output frequency of the transmit-
ter depends upon the amount of fre-
quency multiplication following the 
modulated oscillator. The maximum 
linear deviation is approximately 6 kc. 
at 28 Me.. 12 kc. at 50 Mc., and 36 kc. 
at 144 Mc. 

Crystal-controlled F.M. — The frequency-
control unit shown in Figs. 1425 and 1427 
provides reactance-tube modulation of a crys-
tal oscillator, and thus meets the needs of 
those who want narrow-band frequency mod-
ulation with high carrier-frequency stability. 
The circuit is given in Fig. 1426. With AT-cut 
crystals it is possible to obtain El-deviation of 
200 cycles at 3.5 Mc., which when multiplied 
to 28 Mc. gives a deviation of 1600 cycles — 
or a deviation ratio of approximately 0.5, 
based on an upper audio-frequency limit of 
3000 to 4000 cycles. This order of deviation is 
sufficient for reception on ordinary communi-
cations-type superheterodyne receivers when 
the receiver is detuned slightly frein the 
carrier frequency. With X- and V-cut crystals, 
deviations at the fundamental frequency of 
approximately 1000 and 2500 cycles, respec-
tively, are obtainable. 
The circuit values are rather critical and 

should be followed closely for optimum results. 
The plate tank condenser of the crretal oscil-
lator, C13, should be set slightly on the high-
frequency side of the minimum plate-current 
point to obtain optimum modulation. If the 
condenser is set too near the point of mini-
mum plate current it is possible that the crys-
tal will be swung out of oscillation on voice 
peaks. The setting that gives maximum stable 
modulation with good voice quality can be de-
termined by listening to the 28-Mc. harmonic 
frein the unit on a regular receiver. 
The r.f. output of the unit readily can be 

coupled into a transmitter having a 3.5-Mc. 
crystal oscillator by winding a link of a few 
turns around the plate coil of the transmitter 
oscillator and removing the regular oscillator 
tube, the link being connected to the output 
terminals of the unit shown. The crystal-con-
trolled f.tn. unit is built on a U-shaped chassis 
measuring 73x2 by 8 by 3 inches. 
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vJi Receivem 

IN ITS OSSellliais most modern receiv-
ing equipment for the 28- and 50- Mc, bands dif-
fers very little from that used on lower frequen-
cies. The 28- Mr. band serves as the meeting 
ground between what am ordinarily termed 
"communications frequencies" and the very. 
highs, and it will be found that most of the 
receivers described in Chapter Twelve are 
capable of working on 28 Mc. In this chapter 
are described receivers and converters capable 
of good performance on 50 Mc. and higher. 

Federal regulations impose identical re-
quirements on all frequencies below 54 Mc. 
respecting stability of frequency and, when 
amplitude modulation is used, freedom from 
frequency modulation. Thus receivers for 50-
Me. a.m, reception may have the same se-
lectivity as those designed for the lower fre-
quencies. This order of selectivity is not only 
possible but desirable, since it permits a con-
siderable increase in the number of transmitters 
which can work in the band without undue 
interference. High selectivity also aids greatly 
in improving the signal-to-noise ratio, both as 
concerns noise originating in the receiver itself 
and in its response to external noise. The ef-
fective sensitivity of such a receiver can be 
made considerably higher than is possible with 
nonselective receivers. 

Receivers for f.m. signals usually are de-
signed with less selectivity, so that they can 
accommodate the full swing of the transmitter. 
At least for 28- and 50- Me. f.m. reception, 
however, the h.f. oscillator must be as stable 
as in a narrow-band a.m. receiver. 
The superheterodyne system of reception is 

used almost universally on frequencies below 
54 Mc. because it is the only type that fulfills 
the stability requirements. A.m. superhetero-
dynes and those for f.m. reception differ only 
in the i.f. amplifier and second detector, so 
that a single high-frequency converter may be 
used for either a.m. or f.m. 

Superheterodynes for 50 Me. should have 
fairly high intermediate frequencies to reduce 
both image response and oscillator " pulling." 
For example, a differenee between signal and 
image frequencies of 960 kc. ( the difference 
when the i.f. is 450 kc.) is a very small percent-
age of the signal frequency; consequently, the 
response of the r.f. circuits to the image fre-

quency is nearly as great as to the desired 
signal frequency. To obtain discrimination 
against the image equal to that obtainable at 
3.5 Mc. would require an i.f. 16 times as high, 
or about 7 Mc. However, the Q of tuned cir-
cuits is less at 50 Mc. than it is at the lower 
frequencies, chiefly because the tube loading 
is considerably greater, and thus still higher 
i.f.s are desirable. A practical compromise is 
reached at about 10 Mc. 
To obtain high selectivity with a reasonable 

number of i.f. stages, the double-superhetero-
dyne principle is often employed. A 10- Mc, in-
termediate frequency, for example, is changed 
to a second i.f. of perhaps 450 kc. by an addi-
tional oscillator-mixer combination. 
Few amateurs build complete 50-Mc. super-

heterodyne receivers. General practice in this 
band has been to use a conventional com-
munications receiver to handle the i.f. out- - 
put of a simple 50-Mc, frequency converter. 
Even an all-wave broadcast receiver may be 
used with excellent results on 50 Mc. by the 
addition of a relatively simple converter. 
The superheterodyne type of receiver is find-

ing increased favor for 144- Mc, work also, as 
the occupancy of that band increases. Espe-
cially, in heavily-populated areas, stabilization 
of transmitters and an improvement in the 
selectivity of receivers are becoming almost 
mandatory, particularly for those operators 
who are interested in exploiting the full possi-
bilities of this band. The ideal receiver for 
present conditions is one having a pass-band of 
around 100 kc. Greater selectivity is hardly 
desirable, not only because it will discriminate 
against transmitters having the slightest in-
stability, but because the receivers themselves 
are inclined to be somewhat less stable at this 
frequency. This approach has been used in 
most of the recent pioneering efforts by ama-
teurs working in the microwave field. 
A converter working into an f.m. receiver, or 

into a broad-band i.f. channel designed for 
either a.m. or f.m. reception, provides a quite 
satisfactory means of reception of signals, not 
only at 144 Mc., but on up through the micro-
wave range. 
The simplest type of v.h.f. receiver is the 

superregenerator, long favored in amateur 
work. It affords good sensitivity with few 
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tubes and elementary circuits. Its disadvan-
tages are lack of selectivity and, if t ins oscillat-
ing detector is coupled to an antenna, a 
tendency to radiate a signal which may cause 
interference to other receivers. To some ex-
tent the lack of selectivity is advantageous, 
since it makes for easy tuning, and permits 
reception of all signals wit hin its tuning range, 
however unstable they may be. To reduce 
radiation, a superregenerative detector should 
be preceded by an r. 1. stage, or, if the detect or 
is coupled directly to the antenna, it should 1m 
operated at the lowest plate voltage which will 
permit superregenera t ion. 
From a practical aspect, superregenerative 

receivers may be divided into two general 
types. In the first the quenching voltage is de-
veloped by the detector tube functioning as a 
"self-quenehed" oscillator. In the second, a 
separate oscillator tube is used to generate the 
quench voltage. Self-quenched SOI erregenera-
tors have found wide favor in amateur work. 
The simpler types are particularly suited for 
portable equipment, which must be kept as 
simple as possible. Many amateurs have " pet" 
circuits claimed to be superior to all others, but 
the probability is that the arrangement of a 
particular circuit has led to correct operating 
conditions. Time spent in minor adjustments 
will result in a smooth-working receiver. 

«[. A 144/235-Mc. Superregenerator 
The receiver in Figs. 1501, 1502 and 1503 

affords excellent sensitivity on both 144 aml 
235 Mc. For the amateur who wishes to ex-
periment on these bands, it will provide satis-
factory reception at minimum expense. The 
circuit is the familiar self-quenched superre-
generative detector, followed by two stages of 
audio amplification. 
The receiver is built on a 7 X 7 X 2-inch 

chassis. The tuning condenser is mounted on a 
metal bracket. eut in the shape of a U to 

clear the stator connections. The dial is con-
nected to the condenser by a flexible bakelite 
coupling. 
The improvised socket for the plug-in coils 

utilizes contacts obtained from an Amphenol 
miniature-type tube socket, by the process of 
squeezing the socket in a vise until the bakelite 
cracks. One contact is soldered to each of the 
tuning-condenser connections and a third to a 
lug supported by one of the extra holes in the 
Isolantite base of the condenser. The contacts 
must all be placed at exactly the sanie height, 
so that the plug-in coil will seat properly. The 
band-set condenser, C2, is mounted by solder-
ing short strips of wire between the lugs and 
the tuning-condenser terminals. 
The polystyrene tube socket for the 9002 is 

mounted on a metal bracket, placed near the 
tuning condenser so as to allow a very short 
lead from the condenser to the plate terminal 
and just enough room between the rotor con-
nection and the grid terminal for the grid con-
denser. Heater and cathode leads are brought 
through the chassis in a rubber grommet. 
The variable an coupling coil, /q, is 

mounted on a polystyrene rod supported by a 
shaft bearing. The rod is prevent tel from mov-
ing axially in the bearing by cementing a fiber 
washer to the shaft and tightening the knob on 
the other side. The antenna eoupling loop 
should be adjusted so that, when rotated, it 
will just clear the coils plugged into t he socket. 
The coils are mounted on small strips of %-

ineh polyst y rune t lii len Quart z(b which have 
three small Ii ,les drilled in t Itetn corresponding 
exactly with the (.00 socket. Each coil is ce-
mented to t he strip with Duco cement at the 
points where the wire passes through the base. 
The No. 18 wire used for the coils will fit snugly 
in the sockets if the contacts are pinched 
slightly. The coils are trimmed to fit the 
bands by spreading or squeezing the turns 
slightly. The mica-t rimmer hand-set condenser 

Fig. 1501 — 1.41— The panel of the two-band superregenerative receiver measures 7 inches square. The knob in 
the upper right-hand corner adju,ts antenna coupling, while the knob below the tuning dial eontrols regeneration. 
Right— A rear view of the two-band superregenerative receiver. The 235-Mc. plug-in coil is in the foreground. 
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Fig. 1502 — Wiring diagram of the superregenerative receiver for 144 and 235 Mc. 

— 5-ppfd. midget variable (National UM-
15, 4 plates removed). 

— 3-30-ppfd. mica trimmer. 
CS 50-ppfd. mica. 
Ce — 0.0033-pfd. mica. 
CS, C7 — 10-pfd. 25-volt electrolytic; 
CS — 0.01-pfd. 400-volt paper. 
Ri — 10 megohms, watt. 
R2 0,000-ohm wire-wound variable. 

RS, 116, R7 — 0.1 megohm, 1,¡ watt. 
R4 — 2200 ohms, 32 watt. 
Rs — 470 ohms, 1 watt. 

Li — 1 turn No. 14 e., í4nch inside diameter. 
L2 144 Mc.: 3 turns No. 18 e., q-inch diameter, spaced over 

54 inch. Tapped 1% turns from plate end. 
235 Me.: 2 turns No. 18 e., 54-inch diameter, spaced over 

inch. Tapped at center of coil 
J — Closed-circuit jack. 
RFCi — 25 turns No. 24 d.c.c., close-wound, l%-inch diameter. 
RFC2 — 8-mh. r.f. choke. 
S — S.p.s.t. toggle switch. 
T — Plate-to-grid interstage audio transformer (Thordarson 

T-57A36). 

gives some further range of adjustment. In the 
receiver as described, it is screwed down fairly 
tightly for the 144-Mc, band and loosened 
about four revolutions for 235 Mc. In the ab-
sence of good marker stations, an absorption 
frequency meter or a Lecher wire system (de-
scribed in Chapter Nineteen) may be used for 
spotting the band limits. 

Two factors which will be found to influence 
sensitivity are the value of C4 and the degree 
of antenna coupling. Values of C4 from 0.001 
to 0.0047 pfd. should be tried. The antenna 
coupling will vary greatly with the setting of 
L1 and the type of antenna used; it is well 
worth while to tune the antenna circuit and 
then vary the coupling with the panel control. 

Fig. 1503 — Left — A close-up view of the tuning assembly, showing how the leads from the tuning condenser to the 
tube socket have been kept short and how the coil socket is mounted on the tuning condenser. Hidden by the grid 
condenser (the 50-ppfd. condenser so prominent in the picture), the plate terminal of the tube socket goes to a lug 
which has been added to the stator of the tuning condenser. Right — The arrangement of parts under the chassis 
may be seen in this photograph. The 6.15 socket is at the left and the 6F6 socket is at the right, near the 'speaker ter-
minals. The 8-mh. r.f. choke, seen just under the regeneration control at the top center, is supported by tie-strips. 
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Fig. 1504 — Front view of the 11l-Me. t.r.f. receiver. 
The pointer knob above the vernier dial tunes the r.f. 
stage. The small round knobs are for audio volume 
(lower right) and detector plate-voltage variation. Out-
side dimensions of the handmade case are 7 X ”¡ X 4 
inches. 

Tight coupling usually will give better results 
than loose coupling. The coupling can be in-
creased almost up to the point where the de-
tector no longer oscillates, with no ill effects 
except increased radiation. 
An audio volume control could be installed 

in place of the fixed grid resistor, 117, if desired. 
ln the original model of this receiver, the value 
of R7 was adjusted until normal loudspeaker 
output was obtained; this value may be varied 
to meet any particular requirements. 
Though a 9002 detector is shown, a 6C4 will 

work equally well. Socket connections are 
similar, but some experimentation with dif-
ferent values for RI and C4 may be necessary. 

(f. T.R.F. Superregenerative Receiver 

The 144-Mc, receiver in Figs. 1504-1508 uses 
miniature tubes throughout and is intended for 
either home or portable/mobile use. The r.f. 
amplifier stage furnishes some additional gain 
over a straight superregenerative detector, af-
fords freedom from antenna effects, and — 
most important of all — prevents radiation 
from the receiver. Although the r.f. and de-
tector circuits are individually tuned, the broad 
tuning of the r.f. stage makes the receiver 
essentially a single-dial affair — important in 
mobile work — and the low-priced miniature 
tubes permit compact assembly and low cur-
rent consumption. Heater current is 625 ma. at 
6.3 volts, and the total plate drain from 135 
volts of " B" battery is less than 10 ma. 
The tuned r.f.-amplifier stage uses a 6AK5 

pentode which is coupled through C5 to the 
6C4 superregenerative triode detector. This in 
turn is transformer-coupled to a 6C4 audio 
stage which drives the 6AK6 output stage. A 
plate coupling choke, L4, and the coupling con-
denser Ci2 remove d.c. from the out put jack, 
J2, and eliminate the possibility of short-
circuiting the plate supply at this point. 
The receiver chassis and partitions are built 

from pieces of 346-inch aluminum held to-
gether at the corners with machine screws awl 
strips of VI-inch square brass rod. The over-all 
dimensions are 7 X 5 X 4 inches — the chassi, 
that mounts the audio components is 1 X 5 
inches with a 134-inch folded lip. To eliminate 
oscillation in the r.f. stage and radiation from 

Fig. 1505 — Rear view of the complete receiver. Note 
that the r.f. stage and miperregenerative-detector cir-
cuit components are in separate completely-enclosed 
compartments, for elimination of radiation. Miniature 
tubes are used throughout, for compactness and low 
current consumption. 

the detector, completely-separate compart-
ments are used for the r.f. and detector stages. 
These compartments consist of identical boxes 
that measure 174/ inches square and 3 inches 
long. The tube sockets are mounted on the end 
plates, and all of the connections to the sockets 
are made before the boxes are completely as-
sembled. The wire between C5 and L3 runs 
through two Millen 32150 bushings in the walls 
of the two shield compartments. This inter-
connection, the only one except for the power 
circuits, is made by running separate leads 
from the condenser and coil through the bush-
ings and then soldering the two ends together 
after the two units are mounted on the front 
panel. 
The detector tuning condenser, Cs, is a regular 

Cardwell ZV-5-TS modified by adding a single 



Receiveri 333 

Li 

6A K 5 

—t-

f—..A.Ntiv ev"--V.AAAW  

rl 

R11 

HEATERS 

SI 
• 

POWER PLUG 1 
ON CHASSIS 

5 

RFC 

_ 

Fig. 1506 — iring diagram of the four-tube t.r.f. super. 
regeneratise reeeiser. 11.itindaries of shield compart-
ments I sing r.f. and detector stages are shown by 
dotted lines. 

Ch Cs — Split-stator condenser (Cardwell ZV-SsTS). 
See text. 

C2, C3, C4 — 500.,,pfd. midget mica. 
Cs, C7 — .47-elpftl.  • beet mica. 
Cs— 0.0022-51d. midget mkt'. 

10-mfol. minlget electrolytic. 
Cia. (:12 — 0.1-afel. paper. 
11— 1500 ohm,. I ,, att. 
12. 117, Mcg011111. 2 Watt. 
13 — 3.3 inegolun ,. , watt. 
14 — 30.000 ohm.. ‘s at t. See text. 
13 — 0.3-t,,cgolint t" ' te  ter. 

2234) ohm-. %S an. 
—1,}{1) ohm-. 2 1, a 

1H1 - 5o.nott-ohnt potentiometer. 
22.00n ohm ,. I ', att. 

4 — 2 t. i.d. \ o. 18 enatti. inserted betueen 
turn- ,, f /.2 at cold end. 

— t. ,-111.11 ial. '4 bleb long. 'so. 18 tinned. 
—5 t....•nter.ta oped. I., Mel' 11.11U. No. 111   

li.f. coupling tap. 1 t. from grid end. 
.4 - i111.1111 or tiller choke ( Inca I)-92!. 
— Coaxial -..eket , S-2011. .Nlatelting plug for 

antenna 1'401 or P.201. 
J3 — It•a.101,.nt• -.1.raker jark. 
RFC - - text 

- p . . it 11 on /Ili,. 
S, 1 top.;:.`.• 

'fi — idgvi audio transformer (Thordarson I 

circular plate to the regular one-plate rotor. 

Tltisadtlit tonal constanI capavitance across the 

circuit increases the bandspread and, because 

it decreases the L-to-C ratio. smooths out the 

regeneration so that the regeneration coiitrol, 

does not have to be readjusted within the 

144- Mc. band. 
The two r.f. chokes, RFC, are homemade 

L3 

RFC 

C6 

2 
POWER SOCKET 

ON CABLE 

6AK6 

1 

C7 
6C4 

*13 150 V. 
(SEE TE XT) 

affairs wound on 1-watt IRC composition re-
sistors — 0.22 megohm or higher — the in-

sulated type that is !:¡ inch in diameter and 

2 2 inch long. The ends are notched with 

a small file or saw, to prevent the ends of the 

Fie. 1307 — C1,,se-up vi,w of the r. f. and so perregenera. 
tive-detector compartments, with back plates removed 
to show details. Top, back, and right side may be re-
moved front either assembly, providing accessibility 
despite compact design. 
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Fig. 1508— Bottom view, showing audio. 
component arrangement. 

• 

coil wire from slipping after they have 
been soldered to the pigtail leads of 
the resistor, and then a single layer of 
No. 30 d.s.c. is wound on for a length 
of 13 2 inch. No lacquer or dope 
should be used on the winding be-
cause of the increased distributed 
capacity that will result. 
When the receiver is completely 

wired the first move should he to 
cheek detector operation. With the 
6AK5 in its socket, but with no plate 
or screen voltage applied to it, apply 
the plate voltage to the detector and check for 
the customary hiss. Try the regeneration con-
trol, Rio, to determine whether the detector 
goes in and out of superregeneration smoot lily. 
Some variation in values of 113, 114 and C6 may 
be necessary to attain this end, and some 6C4s 
work better titan others in this respect. 

Next, the tuning range should be checked by 
means of Lecher wires or an absorption- typo 
wavemeter. With the values given, 114 Me. 
should fall at about 80 on the dial. with 148 Mc. 
at around 60. The position of the r.f. coupling 
tap on 1.3 will have considerable effect on the 
resonant frequency of the combination. Its 
position is not critical, except for its effect on 
the tuning range of the ( letector circuit, but 
the spacing of the turns in the coil will have to 
be changed if the position of the tap is materi-
ally different from that given. 
When the detector is found to be in the 

band, the r.f. stage may be put into operation. 
With any of t he shields removed, or with no 
antenna connected, the 6À KS will prc)bably 
oscillate, blocking the detector, but this effect 
will disappear when the two eompartments are 
completely assembled and an antenna attached 
by means of the coaxial connector. If the r.f. 
stage is operating properly there will be slight 
change in the character of the hiss when the 
stage is tuned through resonance. Using a sig-
nal generator (the harmonic of any oscillator 
which falls in the 144- Mc. band will (lo) or the 
signal of a 144- Me, station, there will be a pro-
nounced drop in background noise and a slight 
change in dial setting of the detector when the 
r.f. stage is tuned " on the nose." Once the r.f. 
tuning is adjusted for maximum response, 
preferably on a weak signal near the middle of 
the band, it may be left at that setting for all 
except the very weakest signals at either end. 

• 
Fig. 1509— The four-tube 111-Mc. superheterodvne, 
dressed up in a modern cabinet. The large dial is oscil-
lator tuning, and the small dial is for mixer tuning. The 
two knobs control regeneration (right) and volume (left). 

Power-supply filtering and regulation are 
important factors in at smooth and 
efficient performance with superregenerative 
detectors. The power plug mounted on the 
back of the chassis provides a separate con-
nection ( Pin 5) for the detector and r.f. + 13, 
in order that this may be drawn front a regu-
lated source, such as a VR-150. The other pin 
marked " + B" ( l'in 4) supplies the audio 
tubes, and the voltage used here need not be 
regulated. If " B" batteries are use il — and 
they are highly recommended for mobile oper-
ation — Pins 4 and 5 may be connected to-
gether in the power socket on the cable. The 
use of " 11" bat h-rius in mobile work will result 
in butter sensit y and more quiet operation 
than will be available with any sort of mobile 
power supply, vibrator or dynamotor, an*1 the 
drain from the car battery will be negligible 
during receiving peritids. A set of medium-
size " B" batteries ( 135 volts is sufficient for 
good 'speaker volume) will last through a year 
or inure of normal operation. When bat teries 
are used, the on-olf SW it ell, S2-S3, should be 
thrown to the " off" position when t he receiver 
is not in use, otherwise there will be a small 
continuous drain on the batteries through the 
R10-R11 bleeder. 
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41 A 144-Mc. Superregenerative 

Super-heterodyne Receiver 

A superheterodyne, using a superregenera-
tive second detector is shown in Figs. 1509, 
1510, 1511 and 1512. A OJO miniature twin 
triode is used as local oscillator and mixer, and 
its high transconductance (5300 minhos) and 
small size make for good performance in the 
2-meter band. The superregenerative second 
detector is a triode-connected 6V6 working at 
33 Mc., and this is followed by a 6J5 for head-
phones and a 6F6 for loudspeaker operation. 
The wiring diagram, Fig. 1510, shows no 
coupling condenser between the oscillator and 
mixer because stray coupling between grid 
pins at the soeket gives adequate injection to 
the grid-leak biased mixer. A small coil, L4, is 
used in the plate circuit of the mixer to reso-
nate in series ‘vith Cs to the signal frequency, 
and the resistor, Hu, is included to make this 
resonance a broad one. The condenser C:, also 
tuncs the primary, L5, of the i.f. transformer. 
The i.f. transformer is adjustable only in the 
secondary circuit, since with just one stage 
there is no tuning requirement other than that 
the primary and secondary be tuned to the 
saine frequency. A switch, Si, removes the 

Fig. 1510 — M'iritig diagram of 

CI — variable (National U111.35). 
C2 — 27-pad. ceramic. 
C3, Cs — 10-44M. ceramic. 
C4 — 10.µµfii. mica or ceramic. 
• 470.µµfd. mica. 
C7, Co — 100-timfd. mica. 
Cs — 4-20-iitifd. adju s table ceramic (Erie or Centralab). 
cio _ 0.00.17.,fil. mica. 
C11 0.01.51d. 400-volt paper. 
• CI4 — 25-volt electro!' lie. 
C13.— 0.1-tifd. 400-volt paper. 
Cis — 1.7-itpfd. ceramic. 
Ri — 1.8 megohtns, !4 watt. 
112 — 8200 ohms, watt. 
113 1000 ohms, watt. 
R4 10 megolims, ,j watt. 
Ri — 68,000 ohms, l4 watt. 
Ri — 50,000.011M 2-watt potentiometer. preferably 

wire-wound. 
117 — 47.000 ohms, 1 watt. 
Its — 0.5-megolun volunie control. 

plate voltage from the second detector and 
following stages during transmission periods, 
but plate voltage is left on the oscillator (and 
mixer) to avoid drift. This is an unnecessary 
refinement, however, since the oscillator drift 
is considerably less than the bandwidth of the 
i.f. amplifier. 

Inductive tuning of the oscillator circuit is 
used, by moving a copper vane which acts as 
a low-resistance shorted turn in the field of the 
coil. As the vane is moved into the field of the 
coil, the inductance is reduced. No current 
flows through the insulated shaft supporting 
the vane, and consequently there is no " jump-
ing" of frequency such as is caused by erratic 
contact to a condenser rotor 
The mixer coil, L2. is wound on a National 

XR-50 form in which the iron slug has been 
replaced by a brass one from an AR-2 form. 
The coil is peaked for the center of the band —  
the tuning is broad — and additional trim-
ming is done with the antenna condenser, C1. 
Three antenna binding posts are available, so 
that either series or parallel tuning of L1 can 
be used. 
T he receiver is designed to he mounted in a 

commercial-type 8 X 10 X 8-inch cabinet. The 
panel, part of the standard cabinet, measures 

the 144-Mc superheterodyne. 

Rg — 2500 ohms, ,q watt. 
• 11 11 —(1.1 megohm, watt. 
1112 — 470 ohms, 1 wait. 
1113 - 1000 ohms. 1 watt ( 14-inch 
Li — 2 turns No. 22 d.e.c. wound over ground end of L2. 
L2 -- 4 turns No. 18 enam wound on National XII-50 

form and spared to occupy 4 inch. 
Li — 2 IIMIS No. 14 enam., %-inch i.d., spaced 2 xwirc 

• 5 ILdtil.larinIs No. 18 enam., spaced to occupy inch, 
wound on RI3. 

LT 9 turns No. 22 ettam., close-wound. 
Le — 8 turns No. 22 mum, close-wound, on same form 

as Li and spaced '.'i,í inch from Lte. 
Ji — Closed-circuit telephone jack. 
RFC' — 28 turns No. 30 d.c.c. close-wound on %-inch 

diam. form. Sec text. 
RFC2— 48 turns No. 22 enam.,close-wound on %%inch 

(ham. form. See text. 
RFC.3 — One pie from 4-pie 2.5-mh. choke. See text. 
RFC4 — 80-mh. i ron-eore r.f. choke (Meissner 19-6846). 
Si — S.p.s.t. toggle switch. 
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Fig. 1511 — A top N ieW Of the receiver shows the construction of the 
inductive-tuning device used in the oscillator circuit. The tubes 
along the bark, front left to right, are superregenerative second 
detector, audio and output. 

8 X 8 inches. The ehassis was bent out of 
f6-incli aluminum :ilid is 6U inches wi, le and 
7 inches deep. A 21,-inch lip is bent , I,,wn at 
the rear and a 1%-inch lip is formed at the 
front. The front bend is made shorter to avoid 
the lip at the bottom of the cabinet.. The chassis 
is held to the panel by the 1 wo potentiometers 
(regeneration and volume controls) while a 
u-inch square durai bar bolted to t he edge of 
the 21A-inch lip picks up two screws through t he 
bottom of the cabinet to give a rigid structure. 

Bakelite sockets (Amphenol M1P) are used 
for the octal tubes, and the miniature tube 
socket is the ceramic one made by Eby. A 
metal shield to match the socket also acts as a 
tube lock. The socket is mounted with Pin 5 
toward the panel. National J" Vi binding 
posts mounted on National XP-6 paystyrene 
buttons support the oscillator coil, and allow 
the coil to be changed readily for experimental 
purposes. The antenna and loudspeaker leads 
are brought out to similar posts at the rear of 
the chassis. 
The q-ineh diameter polystyrene rod used 

for the oscillator tuning Valle shaft is supporte,1 
at the panel end by t he National Al\I dial an,1 
at the other by a panel bushing mounted in an 
aluminum bracket. The vane is made of a 
piece of thin copper soldered to a brass shaft 

coupling. After soldering the vane to 
t he coupling. t he copper is cut roughly 
in the fi atin of a st raight-line-wave-
lee to 11 egbli..km,,er rotor plate. It can be 

ri mined up later to give something re-
sciabling straight line-frceittuncy Lull-
ing. loot this is; essential. By 
moving t he ':t it' lose( to the ( toil th.ü 
tuning range van be increased, and 
vice versa. The anIttrina condenser. 
Cm, is mounted at the rear of the 
chassis on the bracket furnished with 
the condenser, and a shaft bearing in 
the front panel conneets to the Cou-
don:6pr t Inumglt an extension shaft and 
two fiexille couplings. 

Ii and ien '2 are wound on 1-
megolon resistors. A small notch is 
filed ni ,addi etcl of the resistor to keep 
the wire in platte, and the wires for the 
chokes are soldered to the leads of the 
resistor. A I-watt size is used for 
RFC' and a 2-watt size for Rpc2. 

is ni. de by mounting a single 
f rlon a 2.5- itt ii 4- pie r. f. choke on 

1-itegolun 1-wat t resistor similar to 
t hat used for RFel. The easiest way 
to remove the pies from the ceramic 
form 011 which they come is to melt 
t I t metal front one end of the choke 
with :t hot soldering iron and then 
foree a sharp ire pick or nail down the 
hole in tic,- center of the ceramic form 
until lite ceramic splits. The pies can 
then be removed and one mounted on 
the resistor wit it Due° cement. 
The i.f. transformer is wound on a 

National PRE-3 polystyrene form. Two addi-
tional small holes, 90 degrees apart, are drilled 
in t he form bet ween the two windings, and one 
lead of C6 is snaked through to furnish a sup-
port for one owl of the ronglenser as well as a 
tie- point for one end of L6 and the isolating 
resistor R3. Another hole in the form, below 
Là, is used to support one end of R13 and serve 
as a tie- point, for C:, and /45. 

In wiring the receiver, it is ronvenient to 
wire the heater circuits first. On the metal 
tubes, Pins 1 and 2 are grounded to lugs 
fastened limier the screws holding the sockets 
to the chassis. On the miniature socket a 
jumper goes from Pin 3 to the central shield of 
the socket and thence to a lug under one of the 
screws fastening the socket to the chassis, on 
the Pin 7 side. Some care should be taken in 
wiring the t'. f. romponents on the miniature 
socket, to insure short Ittads. One connection of 
RI, H2, C5 and Ci; goes, to Pin 7. C3 mounts 
bet ween l'in 2 and the binding post supporting 
the grid side of /.3, and Cl is mounted from this 
post to Pin 5. C7 and Cto return to tlie ground 
lug for the 6.16 heater circuit mentioned above. 
A tie-p)int joins REC it and 112. 
Checking of the receiver is best done by 

starting at the output and working toward the 
input. Connect heater voltage and high voltage 
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b.! 

to cheek the superregenerative-detee-
tor operation. With a 'speaker or head-
set. eon riveted I, advancing t he II•gfq11'1, 1-
tiOn control should restlit in the f;(-
iniliar superregenerative hiss. At this 
point the 105 volts for the mixer and 
oscillator can he connected, because 
the adjustment, of ('8 should be !mole 
with plate voltage on the mixer. Wit h 
the regeneration control doily slight lv 
beyond the point miler'. t lie hiss 
starts to be heard, adjust Cs for the 
point which requires ma xi !nu in it ( I-
vancing of /i6 for oseillation. This 
brings L6C8 into resonance wit h W 
If it is found that t he second detector 
won't oscillate at, one very sharp 
set t ing of C8, the coupling but wc,,n /.:, 
and Ls is too tight. In this event the 
coils should be backed away front each 
other, if possible, or else (*ï can be de-
tuned slightly. Tito format. priwedure 
is preferable. The set t ing of rs where 
the primary circuit pulls t he detector 
out of oseillation should he quit o 
Shari) — if it isn't, the setting isn't 
right. When the detect or is oscillating 
and Cg is 1101 Set prop , riy, it is quite 
likely that the hiss Wiii also contain 
sonic unpleasant high-frequency whis-
tles. The exact frequeney of the i.f. 
can be checked on a calibrated coin-
munications-frequeney receiver, if de-
sired, but a frequency cheek is not, 
essential. With the constants given the i.f. will 
be around 33 Mc. 
Knowing the i.f, makes it a bit easier to ad-

just the oscillator portion of the 6J6, because 
an absorption wavemeter or Lecher wires can 
be used to put the oscillator on the right fre-
quency. If One knows the i.f. and has some 
means of checking the oscillator frequency, the 
oscillator can be adjusted to give a tuning 
range from 143 Mc. minus the i.f. to 149 Mc. 
minus the i.f. The tuning range is adjusted by 
spacing the turns of L3 and by moving t he vane 
on the shaft. Moving the vane closer to the coil 
will increase the tuning range but increases 
the minimum frequency a trifle, and vice versa. 
If a calibrated 144-Mc. superregenerative re-
ceiver or transmitter is available, it can be 
used as a signal source and the oscillator tun-
ing range can be adjusted without knowing 
the i.f. 
The mixer coil and antenna coupling can be 

checked by listening to a weak signal (whose 
weakness is under your cont rol, however), or to 
ignition noises, and it will be found that best 
sensitivity will be obtained with fairly tight 
coupling. 

il V.H.F. Converters 

For the amateur who already possesses a 
communications-type high-frequency receiver 
or a good all-wave broadcast receiver capable 
of tuning to either 5 or 10 Mc., there is no 

Fig. 1512— A view underneath the chassis, showing the arrange 
nient of part,. Note the ceramic (rhumer conden-cr bet vi yen the 
S..1, 1111-deit,tgd. ,,,cket and the i.f. transformer. TIII, trimmer con-
denser is adjustable front above the chassis. To the left of the 
ceramic condenser can be seen liFC3, the single-pic r.f. choke. 

necessity for building a separate v.h.f. re-
ceiver. particularly for operat ion on the 50-Mc. 
band. It is not doily easier but often more satis-
factory to buil(1 a y li.f. converter which, in 
conjunction with the already existing receiver, 
can he used as a double superheterodyne. This 
arrangement is particularly successful if the 
receiver has emit rollable or broad-band selec-
tivity to permit 1'0( .11L ii ai if the less-stable 
signals on the higher-irequency bands. 
The output transformer for such a con-

verter shouldl be designed to tune to an i.f. 
of either 5 or 10 Me. (the higher frequency 
being preferable for operation on bands above 
50 Mc.), with a low-impedance secondary. The 
output from the converter may be coupled 
through a low-impedance shieldial line to the 
input circuit of the communications receiver, 
in much the same manner as link coupling is 
used between stages in a transmitter. The r.f. 
and mixer circuits of the receiver must be 
tuned to the same frequeney as the output 
transformer — 5 or 10 — which then be-
comes the first i.f. Thereaft(o. the receiver dial 
remains untouched, all tuning being done with 
the converter. The volume control, however, 
will be the gain control on the receiver into 
which the converter works. A converter may 
have its own built-in power supply, but with 
simpler designs it is often possible to draw the 
filament and plate voltages from the receiver 
with which the converter is to be used. 
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E A Simple Two-Tube Converter 
for 50 Mc. 

When a high intermediate frequency is used, 
image rejection is not a problem, and r.f. se-
lectivity in the converter is not particularly 

11.F. ANT. 

il E CS C6 
-1 -4 

LT 

6A K5 

7 

 'Ici 

R6 
—WNW,  

4 

Fig. 1513— This two-tube 50-Me, converter 
incorp ,ra tes new  'attire tubes and obtains 
its power from the c lllll munieations receiver 
with M1111 .11 it is used. The toggle switch a t the 
left cot I he fibunent eireuit when the unit is 
not in the control at the lower right trans-
fers the antenna front the converter to the 
receiver for normal reception. 

important, especially when the con-
verter is used in conjunct ion wit h a 
highly-select ive communications re-
ceiver. Thus quite sat isf t ory per-
forma nue can be obtained wit ln tut, Ilse 
uso of an r.f_ amplitior stisge. The new 
high-transconductance miniature pen-
bales, such as the GA K5. are excellent 
as mix1 rs. and a two•tube converter 
incorporating the GA K5 in an appro-
priate circuit will give a degree of per-
formani.c formerly obtainable only 
with more complex designs. Siich a 
convert e r is sho n w in Figs. 1513 - 
1517. It was designeil by Richard \V. 
IIought 011, \Vl NKE, and was described 
in detail in for June. 1016. Though 
it was laid out particularly for use with 

an HIM it may be used effectively with any 
communications receiver capable of tuning to 

10.5 Mc. 
As shown in the schematic diagram, Fig. 

1514. the oscillator voltage is injected at the 
screen grid of the mixer tube. The coupling 

8 

L5 

L.F.ANT 

L. 

Fig. 1514— Circuit diagram of the 50-Nfe. converter. 

— 15-pfd. fixed ceramic, zero temp.-c.o.d.. (Erie 
1\1'0A). 

C2, CS — 2-6-gmfd. ceramic trimmer (Central:lb 820- ). 
C3 — 11-1.0.fil. variable (National INIA.10 with 1 stator 

plate removed). 
12-aufd. fixed ceramic, zero temp.-coef. (Eric 

I\ MA). 

C6 — 9-, pfd. variable (National 11..NIA-10 with 1 stator 
and 1 rotor plate removed). 

07, C8, Co — 100-auftl. mica or ceramic. 
Cio, C12 — 47-gpfd. mica or ceramic. 

o-

o 
8+ 8— F F 
250v. 6.3v. 

35-aufit fixed ceramic, zero tettap..coiif. ( Erie 
N l'OA). 

lit — 6800 ohms, watt. 
142 — L5 megoluns, watt. 
143 — 0.17 megolun, watt. 
iii — 0.1 megolun, !,.,; watt. 
— 22,000 ohms, t watt. 

It — 10,000 ohms, I watt. 
1.1 to Ls, inc. -- Sip Fig. 1516. 
It — 6.3-volt pilot lamp. 
Si — double-throw switch, preferably with ce-

ramic wafers (Oak Type 
S2 — S.p.s.t. toggle. 

iLfie 

nr° Si 2 12 ••-4) 
To Recer 

3 «à—(3 

Cable 

A, 
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Fig. 1515— The r.f. construction of the 50-Mc. 
converter is shown in this above-chassis view. 
The 6C4 oscillator is at the left and 6 AIX'S mixer 
at the right on the subdiussis. The 10.5-Mc. If. 
output coil is in the foreground. Flexible ground 
leads are shown connected to their binding posts 
in the position normally used for grounded 
antenna systems. 

condenser, C9, has sufficient capacitance 
to act as the 6AK5 screen by-pass con-
denser as well. The grid tank circuit, 
comprised of L2 in parallel with C1, C21 
and C3, resonates over the operating 
frequency range, 49.5 to 54.8 mega-
cycles. C3 is ganged with the oscillator 
tuning condenser, Cs. 
The oscillator operates over a range 

10.5 Mc. higher than that of the mixer, 
and the mixer plate circuit is tuned to 
this intermediate frequency. With this 
i.f., the fifth harmonic of the receiver's 
local oscillator ( 10.935 X 5 = 54.775 
Mc.) appears just outside the high end of the 
tuning range, sufficiently far from the cali-
brated band so that it does not interfere with 
normal operation. 

Tracking is easily accomplished over the fre-
quency range under consideration because the 
percentage of frequency change is small. Start-
ing with two identical tuning condensers 
(National Type UMA-10), two plates are re-
moved from the one used in the oscillator and 
one plate from the one in the mixer. Sufficient 
fixed padding capacitance, using a zero-tem-
perature-coefficient ceramic for low over-all 
temperature drift, is added to give the required 
range. The coil forms used are provided Iii 

Fig. 1517 — A bottom view of the converter. ST, the 
antenna-transfer switch, is at the lower left. Low-im-
pedance antenna leads should be twisted loosely as 
shown. The three adjusting screws for the iron-core 
inductances protrude from the chassis on either side of 
the power cord. 

adjustable cores of high- frequency powdered 
iron, providing an easily-accessible inductance 
adjustment. Figs. 1515 and 1517 show the layout 
of these coils. 
The wafer-type switch SI provides a con-

venient means of channeling either the con-
verter output or a low-frequency antenna into 
the antenna terminals of the receiver. When 
the converter is in use both low-frequency an-
tenna terminals are switched to ground, thus 
minimizing direct receiver pick-up at the in-
termediate frequency. Single-wire or doublet 
antennas may be used at either high- or low-
frequency inputs. 
When operating the receiver over its normal 

frequency range, the converter filaments may 
be turned off by means of switch S2. This func-
tion also could be accomplished by means of an 
additional wafer on Si. 
A four-prong- to-four-prong adapter, of the 

s,trt used for making tube substitutions, is used 

2 CUP'11.5 
No. 28 S.S.C. 

1.3civàe wound 
, 4 turns 
I-4 No. 22enOm. 

OSCILLATOR 

I.F. 

22 turns 
Ala 22 

Ls enant. 

I turn 
Ns. 22 

L6 Plastic 
 Co« 

'T—  4 turns 
3. 12 No 22 &tam 

2 turns JE. 
No 22 plastic 
i coy., close 

wound 

g"I 

R. F 

Fig. 1.516 — Coil data 
for the 50-Mc. con-
verter. 
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on the power cord to 
enable both it and the 
receiver ciffil to be 
plugged into the HRO 
power pack simultane-
ously. With receivers 
having integral power 
packs a different ar-
rangement would be 
required, one possibil-
it y being to use a simi-
lar plug adapter under one of the power tuhrs 
in the receiver, picking up the " " voltage at 
the scre(n-grid pin. 

A Crystal-Controlled Converter 

for 144 Mc. 

While most convert ,1-• are used in the man-
ner described above ( by leaving the communi-
cations receiver set at a given intermediate 
frequency and tuning the converter over the 
desired frequency range), it is quite possilde to 
reverse the procedure, using a fixed-frequency 
oscillator in the converter and t toting the re-
ceiver. This approach is particularly advanta-
geous at 144 Mc. and higher, where the 
selectivity of the tuned circuit s is such that no 
adjustment of the converter circuits is required 
when the i. f. ( in this case usually a broad-band 
receiver) is varied over a four-megacycle 
range. 

Several converters employing this principle 
were de›cribed by Calvin F. Hadlock, W1CTW, 
in the May. 1946, issue of Q'47'. The simplest 
is shown in Figs. 1518, 1519, and 1520. It uses 
a 6.16 oscillator-doubler, operating with a 
28- Me. crystal. followed by a 6( 4 doubler and 
a OAKS mixer. the grid circuit of which is 
tuned to 116 Mc. and couph•d to the antenna. 
The plate circuit. of the mixer is t lie input cir-
cuit of a receiver • ,ee Vi g. 1519) which tunes 
the range between 3tt and 34 Me The convert er 
was designed for use with the National One-

5 

Xta 
,1 
Ac 

Fig. 1518 — Top view of the three-tulie 114-Me. con 
verter using a 10-meter  Spare-tat.  is provided at the 
right of the mixer for addition of an r.f. stage. 

—fifteen 

cs 

; 
C3 

o o 

--e 

 if4  
8+ g- . Iv Ac 
200 V HCATERS 

c„ 

bC4 bAk5 

,---\ 

Input to 
,-,,o Recvr 

\—.../ 

C.2 

I, à L4 

I 

Fig. 1510 — Schematic of the 3-tube 2-meter converter, 
u,ing a 213-Mc. cry.stal. 
C. Ca, C — 470-agfd. mica. 
C2, C7 — 100-gpfd. mica. 
C.I. Cs 15-agfrl. ( 10 to 20) ceramic or mica.* 
Cr, 22-pad. ( 15 to 25) ceramic or mica.* 

2.2.ggfd. ecramic or mica. 
Go, C12 — 47-gpfd. mica. 
Cli — 100-gg frl. mica. 
Cet — 15-ggfd. variable, National UM A-15. 
RI — 22,000 ohms, IA watt. 
112 — 4700 ohms, 1 watt. 
lia — 0.1 megolim. I watt. 
lia — 4700 ohms., I watt. 
113 — 0.1 megolun, 14 watt. 
lir, — 4700 ohms, watt. 
117 — 0.25 megolim, watt. 
• — 0.73 rnegolim, Y2 watt. 
119 — iron ohm,. I watt. 
• — XII-SI) coil form, ungrooved„ 11 turns No. 22 

enam., close-wound, center-tapped. 
L2 — X li-50 coil form, ungrooved, 5 turns No. 16 enam., 

spaced I dia, of as ire, center.tapped. 
L3 — X11-50 mil form, ungrooved. :1 turns copper strip, 

inch wide, spared 3,2 inch, center-tapped. 
L4 — i3 tlirils of No. 14 copper win., !,:¿ inch in diame-

ter. 
* C4, C3 and Cr, should he seleeted in value so that plugs 

are fairly well out f  center of coil at res-
onance. 

Ten, a superregenerative receiver, but it should 
provide excellent results when used with any 
of several a.m.-f.tn. receivers which are capable 
of tuning this range. 
The modcl shown in Figs. 1518, 1519 and 

1520 is built on a chassis of folded aluminum 
O X 4 x I I ./ inches in size. Space is left on 
the chassis for addition of an r.f. stage. if de-
sired. The first half of the 6.J6 is a conventional 
triode crystal oscillat t.he second half acting 
as ti doubler. driving a 6C1 doubler. With the 
values shoun. the 'second ( Mt', grid will have 
about 20 volts of excitat i011. : IS measured with 
a it voltmeter ac'rosS R3. The 
voltage developed :W PM.: R3 Will I II` about 25 ta 
30 volts. The 6( '4 doubler provides about I() 
volts on the mixer grid before the r.f. input 
circuit is ronnected. With the input rirettit 
connected and adjusted to approximately t he 
middle of the 2-meter band the excitation 
v‘thage drig)s to about 1 vs ill • ‘vhich is suf-
ficient for good conversion wit h the grid-leak 
injection shown. A very high-resistance volt-
meter should be used for these measurements. 
A 100-microampere meter with a 0.5 megohm 
resistor in series is suitable. 



II-11. k eceitieri 

Fig. 1520 — Bottom view of the three•tialie 2-meter 
converter. Note the fixed- timed tank circuit,: moduli...I 
along the hack edge of the chassis. The t‘.., - hort leads 
at the upper left connect to the antenna terminals of 
a (inc-Ten receiver. 

This type of converter, used in conjunction 
with a superregenerative receiver on 30 Mr., 
will give a degree of performance on I I I Mr. 
rouglily comparai do to that of the receiver 
alone on 30 Me. With the One-Ten, it discrimi-
nates against, the poorer oscillator signals. but 
anything which does not swing more than 200 
ke. or so will be received with good quality. 
The added seleetivity afforded by such an 
arrangemetit will add greatly to the effertive-
ness of ;01y station in a locality where there is 
appreciable toitivity on 144 Mc. 

111, Mobile Receiving Equipment 
for 2, 6 and 10 Meters 

"hit ugh ensitivi 
a.v.c. characterist ics 
detector make it use 
The elder dillieulties 
receiver, broadness of 
an interfering signal, e 

Fig. 332 1— The 
three-tube converter 
for ô and Ill meter,: 
connected t.. the I I-
Me. i.f. amplifier and 
audio sv stein. •I 
1,11 1,1,1" 111011I11.11 

OU thU • . U.vring 110.1, 

the i.f. unit 
I fir glt.•••-cceni-

part wen iiiii meting. 
.1 he . e,ieit abo,.• the 
1.1111,1•111, flial is an 
;1,1 ili,ditide-litutin dial 
ruttut. 

t V. noise rejection. and 
of the superregenerative 
ful in mobile operation. 
inherent in this type of 
tuning and radiation of 
an be overcome by using 
• 
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a › uperregenerative stage as the second de-
tect or in a superheterodyne receiver. The If.-
amplifier-and-audio unit shown in Figs. 1521-
1521 was designed especially for mobile opera-
tion. Two converters, shown in Figs. 1521, 
1525-1529. working with titis unit, provide 
mobile reeeption on 2, 6, 10, and 11 meters. 
The spare available in a part icular make of car 
will influenre t he form fart tu' of the units, but 
t hese are representative designs. The two con-
verters, one for 6-11 meters and one for 2 
meters, are intended for steering-post mount-
ing. while the i.f.-audio unit is shaped to fit 
into a glove or radio compartment. 

Little need be said about the U. unit, as 
t here are few critical factors. and mechanical 
layout is relatively unimportant. Only four 
t uhes are used: a 6AG5 11- Mr. if. amplifier, 
a 11C4 suls•rregenerative second thit vet or, a 6C4 
first audio amplifier. and 6A K6 sevond audio. 
Note t hat both audio stages are transformer-
eoupled, this method having been used in 
preference to resistance coupling. as experience 
has shown that the former makes for smooth, 
quiet operation when superregenerative de-
tectors are employed. 

Tite input stage of the unit should be well 
shielded, not only to prevent oscillation, but 
to reduce piek-up on 11 M. When the unit is 
installed in a car this is not trgmblesome, but 
in ill um-slat igin work, 11- Me. in can 
biaainte quite severe, especially during evening 
hours. 
The tuned circuits used in the 11-.1c. ampli-

fier, t he superregenerative detector, and as out-
put coupling units in the two converters, are 
all similar. The coils are wound of No. 22 
enameled wire on National XII-50 core-tuned 
forms, the secondary winding occupying the 
entire winding space. A simple way of scouring 
the primary is to wrap a layer of Scotch Tape, 
stiiiky side out, around the ground end of t he 
secondary. The primary ‘vinding will then 
stir': as it is wound on, awl holding it in place 
will be no problem. A ,mall tab of tape, or 
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6AGS 

-8 
C11 C3— 47-pdcl. ceramic. 
C2, C3 — 470-pmfd. midget mica. 
C4, Ca — 100-,:dd. midget mica. 
CA, C7 — 0.0068-5M. mica. 
C3, CIO — 25-,:fd. 50-volt electrolytic. 
CI: — 0.1-pfd. 600-volt tubular. 
RI — 270 ohms, carbon. 
R2— 10,000-Ohm potentiometer. 

Ra — 1000 ohms. 
114 — 4.7 megohms. 
115— 50,000-ohm potentiometer. 
R8— 47,000 ohms, 1 watt. 
R7 — 0.25-1718g0IIM potentiometer. 
R8 — 2200 ohms. 
Ro — 0.22 megolim. 
Rio — 680 ohms. 

All resistors %-watt type unless otherwise indicated. 

household cement, will suffice. 
The three-tube 'converter shown in Figs. 

1521,1525, and 1526 covers the 50-54-Mc. and 
27-30-Mc, ranges by means of plug-in coils. 
Using the 11-Mc, intermediate frequency, it is 
possible to cover the two bands with a common 
oscillator coil, the oscillator running on the 
low side of the signal frequency for 50-54 Mc. 
and on the high side for 27-30 Mc. It is thus 
merely necessary to change the mixer and r.f. 

6C4 6C4 

Fig. 1522 — N‘ ¡ring diagram of the i.f. unit using a super-
regenerative second detector and two audio stages. 

6AK6 

Li, L2 — 22 turns No. 22 enam., close-wound on Na-
tional XR-50 form. Primary: 3 turns No. 22 enam. 
close-wound on layer Scotch Tape over ground end of 

Ch. — Midget filter or audio choke. 
— Coaxial socket (Jones S-201). 

32 — Octal socket on power cable. 
J3— 'Speaker or headphone jack. 
Pm — 5-prong plug fur converter power, mounted on 

back of chassis. 
Pa — Octal plug, mounted on hack of chassis. 
RFC1 — 2.5-mh. r.f. choke (National R-100). 
liFC2 — One "pie" from National R-100, mounted on 

1-watt resistor. 
RFCa — 80-mh. r.f. choke. 
Si — S.p.s.t. toggle switch, bat-handle type. 
S2 — S.p.S.t. switch, ill ted on 117. 
To, T2 — Midget interstage transformers. 

coils when changing bands. Three tubes are 
used: a 6A K5 r.f. amplifier, a 6AK5 mixer, and 
a 6C4 oscillator. 
The converter layout, shown in Fig. 1525, 

makes some sacrifices in arvessibility for the 
sake of compactness; however, by planning the 
construction carefully, the builder should have 
no trouble in assembling or adjusting the con-
verter. Parts are mounted on an " L"-shaped 
aluminum chassis, with a cover of the saine 

general shape, making a case which is 
2 inches wide, 3 inches high, and 63/2 
inches long. , 

Octal sockets for the plug-in coils 
(Millen 74001 shielded core-tuned 
forms) are mounted along the top 
edge, with the corresponding tube 
sockets projecting from the right side. 
The oscillator compartment is at the 
front, nearest the dial — a " must" 
when flexible couplings are used for 
ganging. The middle compartment 
houses the mixer-stage components, 

Fig. 1523— Rear view of the 11-Mc. i.f.. 
audio unit. The tubes nearest the panel are 
the i.f. amplifier, left, and the superregenera-
tive detector. The octal plug on the back of 
t he chassis is for the power cable, while the 5. 
prong plug connects through anothe: cable to 
the converter. The toggle switch is the 13+ 
stand-by switch. 
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Fig. 1524 — Bottom 
view of the i.f.-audio 
unit, showing arrange-
ment of parts. At the 
upper right. in a par-
tially-shielded compart-
ment, are the parts com-
prising the i.f.-amplifier 
input circuit. In the cell-
ttr are the detector 
socket and associated 

At the left and 
rear are the audio com-
ponents. 

including the core-
tuned i.f. output 
coupling transfor-
mer. Coupling be-
tween the oscillator 
and mixer is obtained 
by means of a piece 
of " push-back" wire 
which is soldered to 
the oscillator tuned 
circuit and then wrapped around the r.f.-plate 
or mixer-grid lead. The coupling should be set 
at the lowest value which will provide maxi-
mum signal strength. At the back is the r.f. 
section, which is provided with a coaxial input 
jack for antenna connection. 
As this converter may be used with conven-

tional i.f. systems, provision was made for in-
corporating a.v.c. Instead of grounding the 
grid returns from the r.f. and mixer tubes, these 
returns are brought out, through resistors R1 
and R5, to a separate pin on the power-cable 
socket. The corresponding pin in the i.f. unit 
is connected to ground. 
The oscillator circuit is high-C, for maximum 

stability, the capacity other than that of the 
variable condenser 
being supplied by a 
fixed ceramic pad-
der, consisting of 
20-apfd. and 27-
add. units in paral-
lel with the tuning 
condenser. Adjust-
able padders are 
used on the mixer 
and r.f. circuits to 
facilitate tracking. 

• 

Fig. 1525 — Interior 
view of the 28- and 50-
Mc. converter, with 
cover removed. The 
mica trimmers are ad-
justed through small 
holes in the chassis 
cover. The oscillator 
compartment is at the 
front (right), the mixer 
in the middle, and the 
r.f, amplifier at the left. 

These are mica trimmers, to which some may 
raise the objection of instability, but the coil 
inductance is adjusted so that the trimmers 
tune nearly wide open, so that small changes in 
plate spacing have a negligible effect on the 
capacity. Tracking is made easy by the ad-
justable-inductance feature of the coil forms 
used. 

In putting the converter into operation it is 
best to start by establishing the tuning range of 
the oscillator, which may be checked with an 
absorption wavemeter or monitored by a re-
ceiver which is capable of tuning from 37 to 
43 Mc. It is useful to have the receiver capable 
of tuning in the high end of the old f.m. band, 
so the oscillator may be made to hit 37 Mc. or 
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 7" 

11.1% and mixer tuning  letts..rs ( National 
CM- IS- reduced to 2 stator and 2 rotor plates). 

Ca.. C4 3 30 /4,f,I.  • 1 trimmer. 
Cs — Oscillator trilling condenser (Nat • al 1 M-35 re-

duced to •I stator and 4 rotor 
C6, C7. CS. C11. C l• C12, CM* t l:111— 470•14µfd. midget 

mica. 
100 rasfri   

CH — 47.4.4ad. eeramie  
C17 — 47.4441fd. Cer:  • (20 mead. and 27 add. in paral-

lel). 
R1, h5 — 0.22 mcgohm. 
112, lia, Rs, lIn -- 270 ohms. radium. 
114, Ri — 1.0 inegolun. 
Ile — 6800 ohms. 
Rin 47.000 ohms. (All resistors ¡.watt rating.) 

so at the low-frequency end of its range. If the 
inductance of the coil is properly adjusted, 43 
Me. (oscillator frequency) will conic at the 
high end. This gives a spread of about 70 divi-
sions for the 50- Mr. band, and about 50 divi-
sions for 27 to 30 Me. If more spread is desired 
for the 10-meter band, a separate oscillator 
coil for that band may be made, and additional 
padder rapin- i) aine built into the r.f. and 

mixer coils for 10 meters. 
Once the oscillator is tuning the desired 

range, the mixer should be put into operation. 
For test purposes, a temporary primary may 
be wound on the mixer coil, using two of the 
spare pins on the coil and socket for bringing 
out the leads thereto. From bore on, a signal 
generator which tunes the desired frequency 
ranges is useful, but it is not, absolutely neces-
sary. A signal from a \TO, or the harmonies 
of several crystals, can be made to serve the 
sanie purpose. The signal from the oscillator 
in a communications receiver can be used also. 
The signal source should be fed into the con-
verter, by direct connection to the temporary 
primary, or by means of a pick-up antenna, 
and the output. of the converter fed into a 
communications receiver tuned to 11 Mc. If 
the converter is working there will be an ap-
preciable increase in receiver noise as the plate 
voltage is applied to the mixer, and this will 
increase as the mixer grid and plate circuits 
are resonated. 

Tracking is accomplished in the usual way. 
except that no squeezing of turns is required 
for inductance adjustment. With a signal near 
the high end of the band, adjust the trimmer, 

Fig. 1.526 • Siliommii• diagram of the 1110-
lisle for 27 to 5-1 \l e. 

— li.f. coil. 28 Mr.: 10 turn , No. 22 imam., melt 
I tttt g. Printar: 2 turns No. 28 d.s.e. ttttt in cold 
end of 1.1, 50 \ le.: 5 turns No. 22 enam., 3;¡ inch long. 
l'rimarr similar to 28-Me. i•oil. 

Li li,r coil. 28 Mr.: «) turns NO. 22 enion., inch 
long. 50 \Ir.: •1 turns No. 22 enam., 4x Mel] long. 

La 1.1. output trans( it.. 22 oints No. 22 imam., 
close -w 11111 National N1I-50 form. f:oupling wind-
ing: 2 turns No. 20 ...push-hack," wound at cold end of 
La. 
— Oscillator roil. 2'4 turns No. 22 enn111., ci 41111 
long. Feed-bark ci hiding: 2 turns NO. 28 11.s.e. inter-
wound between turns of L1. 

Ji — Coaxial soeket Clones S-21111. 
.12 — 5sprong sixikel oui 1101%vr ruble. 
Pa — Coaxial plug (Jones P-201). 

C4, for maximum signal or noise. Tune to 
near the low end, and recheck the setting of C4. 
If the trimmer eaparity lias to be increased, 
the coil induct ance is low; if the cainteity has to 
be decreased the intluctance is too high. Adjust 
the coil inductance by nn tvi rig the core (moving 
the core into the coil increases the inductance) 
and repeat the trimmer-setting proeess until 
the band can be tuned without any readjust-
ment of C. When the mixer is functioning 
properly the same procedure should be fol-
lowed with the r.f. coil. It. is well to note the 
pent irmance of the mixer alone, as this will 

serve to determine whether the r.f. stage is 
performing as it should. There should be a 
noticeable increase in sensitivity when the 
r.f. stage is added, but if the mixer is function-
ing correctly it should be possible to get quite 
good performance with the mixer alone. 

It is well to make all converter adjustments 
with a communieations receiver serving as the 
if, , as it. is difficult to observe minor changes 
when the superregenerative detector is used, 
because of its strong a.v.r. characteristics. 
'rite If. system should be peaked at 11 Mc. 
with a signal generator, and then the convert or 
connected to it for an over-all check. The 
performance, using the superregenerative it'. 
unit will be somewhat lower than that of the 
converter-receiver combination, but it should 
be possible to copy any signal on the mobile 
set-up which is solidly readalde when the C0111-
1111.1111eati011S reveiver is used for an if. system. 

Thi3 circuit of the two-tube 144- Mc. con-
verter, shown in Figs. 1527-1529, is similar to 
the lower-frequency unit, except that the r.f. 
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stage is omitted for the sake of sim-
plicity. Even wit lend. the r. f. stage, 
performance %yell above that of the 
bet t er superregenera tivy receivers is 
obtainable. The 2- meter rim verter 
uses a GA K5 mixer and a 955 oscilla-
tor. Because the mixer t fining is fairly 
broad, no at tempt was made to gang 
the tuned circuits. and only the oscil-
lator is tuned Ity t he vernier dial. The 
mixer tuning is provided with a front-
panel knob, but once set for maximum 
signal at I-16 Mc., it can be left in t he 
same position for Gob mult, e,d* 

band with a negligible sacrifice in 
sensitivity. 
From the schemalie diagram. Fig. 

1525, it inay be seen that the circuits 
of the converters are somewhat similar 
except for the elimination of the r.f. 
stage. and t lie use til. a cal liodn-1 a pped 
coil in the oscillator circuit of t he 2 
meter unit. The c(myeet er was oriLd- Fig. 1527 — Front view of the 14-1.Me. converter. The entire uni 
nally laid out using a fl.,16 push-push is contained in a standard 3X 4X5-inch ease. 
mixer. hut (lue to the difficulty of 

obtaining satisfactory performance with this coaxial socket for the antenna connection is 
arrangument, it w,ts changetl to the 6A K5. Imnueed on a separate bracket. and projects 
The " butterfly" tuning condenser used is a through a hole in the back of the case. 
hangover from the 6.11i set-up — an ordinary Inject if in of oscillator voltage is accomplished 
Trim-Aire, with its stator sawed in half, would in a manner similar to that used in the other 
do. converter, except that a smaller capacity must 

All the parts are mounted on t he front panel, be used, otherwise t he osci I Ito or will " pull out" 
so that the complete unit can be renotvet I frt > In when the mixer circuit is tuned to resonance.. 
the case intact. Sections of the fob led-over A 4.7-pmfd, ceramic condenser is connected to 
edge of the case were sawed out tit several the hot eml of t he oscillator tuned circuit., and 
points to provide spare for easy removal. The the coupling lead is run from this condenser to 
oscillator and mixer assemblies are mounted on the mixer grid lead. By bringing the two 
individual ›. ulipanul, ui folded aluminum. and tuned circuits closer together, it would he 
most of the wiring 'st it be done In- fore these unnecessary to provide any coupling other 
assemblies are fastened to the front, panel. The than that between the two coils. 

Fig. 1528 — Schematic diagram of the I! )- ii'. comert-
cr %salt 11-Nle. out 

• —  3-30-npfd. mica trimmer. 
C2 — Carts, ell -Lititter14 - condenser, 1 rotor plate % hit 

1 stator plate on each - ide. See let, 
—25-gpfd. trimmer dui% en adjustment 

(Millen 26025). 
• — Oseilla tor t  • •  1111 I I NI ilk,, 20015 reduced 

to 1 stator and 1 rotor pldte 
C5, CG, t, "f1 — -170-paol.   a midget. 
C7 —.17-upfol. eeramic. 
Cs — 4.7-spfd. ceramic. 
Cio — mica midget. 
RI — 10.000 
RI — 1.11 megolun. 
Its — 270 ohms. 

11, — 22,iss 
--- Kum 

1,, at t carbon. 
• — 3 turn- No. 12 tinned, inch long, fl.inch 

diameter. Primary: 2 turns No. 20 -push-
back - inicruound al cold end of . 1. 

L2 — 22 turn- No. 22 enain., elosewo lllll I on National 
N form. Coupling minding: 3 turn. \,, 22 
enam. is I CM layer of Scotch Tape over cold 
end of I.?. 

14- 3 turns No. 12 tinned, ,q inch long, j4-inch inside 
diameter, tapped 1 turn from cold end. 

1— Coaxial socket (Jones S-201). 
.12— 5-prong socket on poner cable. 
• — Coaxial plug (Jones P-201). 
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The oscillator tuning condensers C3 and CI, 
are similar mechanically, except that one has a 
shaft to which is affixed the vernier dial, and 
the other a screwdriver adjustment. It is im-
portant that two similar condensers be used in 
this arrangement, where the two are mounted 
at right angles, in order that the stators and 
rotors line up for direct connection without 
leads. With the condensers and coil used here, 
the 144-Mc. band covers about 50 divisions on 
the dial, permitting coverage up to 150 Mc. 
This is useful, as commercial signals are avail-
able in this range in many locations, and they 
are quite helpful in making receiver adjust-
ments and in judging the condition of the band. 
To do a completely effective job of mobile 

operation requires considerable attention to 
noise reduction. With this sort of receiver, the 
worst interference comes, not from the car's 
ignition system, but from the generator. The 
superregenerative detector provides effective 
silencing for noise pulses of short duration, 
such as ignition interference, but its inherent 
a.v.c. characteristics make it respond to a 
continuous noise such as the whine of the 
generator, to the exclusion of any weaker 
signal. It is for this reason that the use of " B" 
batteries for receiver plate supply is recom-
mended. There is almost certain to be enough 
noise from any vibrator or generator plate 
supply to effect at least a slight reduction in 
the over-all sensitivity of a receiver of this 
type. 

Several types of reception are possible 
through variation in the setting of the regen-
eration control. With the plate voltage on the 
detector near maximum, the loudest " shush" 
and widest bandwidth are obtained. This is the 
setting normally used for 144- Mc. reception. 
Backing off the regeneration control reduces 
the hiss level and sharpens the response, and 
best all-around reception on 28 or 50 Mc. is 
usually obtained in this position. Further re-
duction of the plate voltage results in a whistle 
being heard as carriers are tuned in, 
and quite satisfactory c.w. reception 
is possible at this setting. From here 
down, the detector is operating in a 
condition in between superregenera-
tion and straight regeneration for a 
considerable variation in the plate 
voltage. It goes into straight oscilla-
tion and then out of oscillation en-
tirely as the voltage is reduced nearly 
to zero. Reception of modulated sig-
nals is possible when the detector is 
operated in a manner similar to that 
used with regenerative detectors, and 
"hiss-less" reception is possible at this 
point. Sensitivity is considerably 

Fig. 1529 — Back view of the 2-
meter converter. Two similar con-
densers mounted at right angles com-
prise the tuning assembly for the 
oscillator in the 2-meter converter. 

lower, however, giving striking proof of the 
value of superregeneration as a means of at-
taining high performance with a few tubes. 

41, F.M. I.F. Amplifiers 

As was pointed out earlier in this chapter, an 
f.m. superheterodyne receiver differs from an 
a.m. receiver mainly in that the pass-band of 
the intermediate-frequency amplifier must be 
wider, and in that a limiter and discriminator 
are used instead of a second detector. The 
front end of an f.m. receiver usually follows the 
conventional pattern, and any v.h.f. converter 
can be used for the purpose if its output fre-
quency is that of the i.f. amplifier. 
The f.m. i.f. amplifier employed with the 

converter may be either the i.f. amplifier of a 
standard f.m. broadcast receiver or one built 
especially for the purpose by the amateur 
hi inself. 

If the i.f. system of an f.m. broadcast re-
ceiver is used, the intermediate frequency 
should first be determined so that the output 
of the converter can be designed to tune to this 
frequency and coupled to the grid of the mixer 
tube of the receiver. If the output transformer 
in an existing converter does not tune to the re-
quired frequency, it is usually feasible to add 
or remove enough turns from the coil to enable 
it to be tuned to the receiver i.f. A change in 
the h.f. oscillator tuning will also be required. 
The use of an f.m. i.f. amplifier of this type, 

in conjunction with a suitable converter, is 
highly recommended for reception of modu-
lated-oscillator signals such as are common on 
the 144-Mc, and higher-frequency bands. If 
the received station holds down its modulation 
to the point where the signal just fills the pass-
band of the i.f. amplifier, best quality and 
signal-to-noise ratio will be obtained. Under 
these conditions weaker signals can be re-
ceived more intelligibly than with the simpler 
types of receiving systems, and one's receiving 
range can be extended considerably. 
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Vi! Jrctnrnillerj 

BEGINNING with the v.h.f. region, 
frequency assignments are no longer in direct 
harmonic relationship. This fact, coupled with 
the necessity for extreme care in selection and 
arrangement of components for low circuit 
capacitance and minimum lead inductance, 
makes it highly desirable to construct separate 
r.f. equipment for v.h.f. work, rather than at-
tempt to adapt for v.h.f. use a transmitter 
designed for the lower frequencies. 

Transmitter stability requirements for 50 
Mc. are the sanie as for the lower-frequency 
bands, and, by careful attention to component 
placement., a rig may be made to serve well on 
50, 28, and even 14 Mc., but incorporation of 
50 Mc. and higher in the usual "all-band" 
transmit ter is not generally feasible. 
At 144 Mc. and higher, no restrictions are 

imposed on transmitter stability, except that 
the whole emission must be kept within the 
band limits. This permits the use of modu-
lated-oscillator transmitters, and a large pro-
portion of the stations now working on 144 
Mc. and above employ this simple and econom-
ical type of gear. By proper choice of tubes and 
circuits, crystal control is applicable to 144 
Mc. however, and the greatly-increased occu-
pancy of the band in metropolitan areas makes 
stabilization of at least the higher-powered 
stations almost mandatory, if the full possi-
bilities of the band are to be realized. Crystal 
control, or its equivalent, may even be em-
ployed on 235 and 420 Mc., but the use of 
these frequencies has not reached the point 
where stabilization is particularly important. 
Throughout the v.h.f. and u.h.f. regions, fre-

(money modulation as well as amplitude modu-
lation is permitted by the amateur regulations. 
The 300-watt transmitter for 50 and 144 Mc. 
described in this chapter makes provision for 
the use of f.m., and any crystal-controlled 
transmitter can be adapted for f.m. through the 
addition of a frequency-modulated oscillator 
to replace the crystal, in the manner described 
in Chapter Fourteen. 
At 420 Mc. and higher, most standard trans-

mitting tubes cannot be employed with any 
degree of success. Instead, special tubes de-
signed for these frequencies must be em-
ployed. Such tubes have extremely close elec-
trode spacing, to reduce transit-time effects, 
and are constructed with leads having virtually 
no inductance. Several more-or-less-conven-
tional triode tubes are now available which 

will operate with fair efficiency up to above 500 
Mc., and the disk-seal or "lighthouse" variety 
will function up to about 3000 Mc. 
Above about 2000 Mc. the most useful types 

of tubes are the klystron and magnetron. These 
are essentially one-band devices, the frequency-
determining circuits being an integral part of 
the tube itself. Tuning over a small frequency 
range, such as an amateur band, is possible, 
usually by warping the cavity employed, but 
the tubes are not independent of frequency in 
the convent ional sense. 

Practically all the recently-opened bands in 
the ultrahigh and superhigh regions have al-
ready seen some pioneering activity, and they 
offer interesting possil ›i I ides to the experimen-
tally-inclined. 

41 A 40-Watt A.M.-F.M. 
50-Mc. Transmitter 

The transmitter shown in Figs. 1601-1603, 
inclusive, has an output of approximately 40 
watts in the 50-Mc, band and is so designed 
that either frequency or amplitude modulation 
may be used. Aside from power supplies, no 
auxiliary apparatus is needed for f.m. trans-
mission, since the primary frequency control is 
a variable-frequency oscillator and a reactance 
modulator is included in the unit. For ampli-
tude modulation, a modulator having an audio 
power output of about 30 watts is required. 
As an alternative to electron-coupled VFO 

control, provision also is made for crystal con-
trol, using a Tri-tet oscillator. As shown in the 
circuit diagram, Fig. 1602, the crystal oscil-
lator and e.c. oscillator have a common plate 
circuit, the frequency being doubled in this 
circuit in both eases. The oscillators are fol-
lowed by a 6V6 doubler, and this in turn drives 
the final amplifier, an 815. 
The tuned circuits are designed to cover a 

little more than the range required for the 
50-Me, band so that the transmitter as shown 
can be used to drive a power frequency multi-
plier tripling into the 144-Mc. band. The VFO 
grid circuit tunes from 12 to 13.5 Mc., the 
range from 12.5 to 13.5 Mc. being used for the 
50-Mc, band, and the range from 12 to 12.35 
Mc. being available for the 144-Mc. band. 
When crystal control is to be used, frequencies 
within the appropriate ranges should be se-
lected, since the oscillator portion of the Tri-tet 
circuit works over the sanie frequency range 
as the grid circuit of the VFO. Appropriate 
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crystals in the 8-Mc. range may also be used, 
as the 6AG7 triples effectively. 
The common oscillator-plate circuit tunes 

from 24 to 27 Mc., with the 6V6 doubling to 
48 to 54 Mc. Either oscillator may be selected 
by means of a switch, SIA-B-c, which closes the 
cathode circuit of the desired oscillator. To 
prevent any possibility of accidental frequency 
modulation when amplitude modulation is 
being used, a three-position switch is employed, 
giving a front-panel choice of crystal or VFO 
control (for a.m. or c.w.) and VFO control 
with f.m. 

Stability under changes in supply voltage is 
attained by supplying the VFO screen from a 
VR-150. This holds the screen voltage at 150 
when the plate potential is varied from 150 to 
600 volts. The cathode current to the oscil-
lator, measured in J2, remains practically con-
stant when the plate voltage is varied over this 
wide range, and the total frequency shift is 
only a few hundred cycles. With variations in 
plate voltage which would result from even the 
most severe line-voltage fluctuations, the fre-
quency shift in the oscillator is only a few 
cycles. 

Other sources of VFO instability are ex-
cessive tube and component heating, variations 
in circuit capacity due to nonrigid mechanical 
design, and interaction because of improper 
placement of components. In this design, oscil-
lator input is held to less than half the rated 
plate dissipation of the tube, keeping drift be-
cause of heating to a minimum. All circuit com-
ponents are mounted below the chassis, away 
from the heat given off by the metal tubes, and 
in such position as to prevent interaction so 
far as possible without extensive shielding. A 
silvered-mica fixed condenser is used in parallel 
with the grid coil, and rigid components are 
used throughout. The result of these precau-
tions is a VFO whose stability compares favor-
ably with that of the associated crystal oscil-
lator. 

The transmitter is built on a 10 X 17 X 3-
inch chassis, with all components except tubes, 
crystal and the final-stage output circuit 
mounted below the deck. Viewing the unit 
from the top front, the microphone transformer 
and 6SA7 reactance modulator are at the right 
front, with the VR-150 at the rear, adjacent 
to the antenna coupling assembly. The crystal, 
crystal oscillator, and VFO are grouped near 
the middle of the chassis, with the doubler and 
final tubes at the left. 
The front panel is a standard 8% X 19-inch 

crackle-finished Masonite unit. The VFO tutt-
ing dial is centrally placed, with the oscillator 
and doubler tuning condensers at the left, and 
the a.m./f.m. switch and deviation control at 
the right. The final plate tuning knob is above 
the VFO dial, at the left, and the swinging-link 
adjustment is at the right. Jacks, from left to 
right, are J1, J3, J2 and .11. 
The two wires protruding through the chas-

sis close to the 815 are neutralizing " condens-
ers," labeled CNI and CN2 on the schematic 
diagram. They consist of two pieces of No. 14 
enameled wire soldered to the grid prongs of 
the 815 socket, crossed under the chassis, and 
brought through the chassis and held in posi-
tion by two small Isolantite feed-through bush-
ings ( Millen 32150). 

Adjustment is simple and straightforward. 
The tuning range of the VFO should be 
checked first. This may be done with only the 
two oscillator tubes in place, and the a.m./f.m. 
switch in the VFO position. The oscillator 
plate condenser should be tuned for maximum 
r.f. indication in a neon bulb adjacent. to L2, 
and the frequency checked in a receiver having 
a fairly accurate calibration for the region 
around 12, 24, or 48 Mc. 
The size of the VFO grid coil, L1, is ex-

tremely critical, and if some pruning of this 
coil is to be avoided it would be advisable to 
make the 50-aafd. section of C10 an adjustable 

Fig. 1601 — 
Front iew of the 
50-th'. 
ransmit ter. Thu 

r.f. section of the 
unit occupies the 
left-hand por-
tion of the chas-
sis. The V It- 150, 
6SA7 reactance 
modulator, and 
in 
transformer arc 
at the right. Note 
the neutralizing-
capacity wires at 
the left of the 
815. 



Fig. 1602 — Wiring diagram of a 50- Mc. a.m./f.m. transmitter. 

Cm — 400-volt paper tubular. 
C2 — 0.001•Al.  • .a. 

8-pfil. 450- volt electrolytic and 0.005-5M. mica 
in parallel. 

C4, C10 — 470-55fd. mica. 
C5, C7, Co, Ci2, C141 C161 C17, Cal, C22 — 0.0022-afd. 

mica. 
Co — 100.4£1.11.  • lget variable. screwdriver adjustment 

(I I ammarlu d A PC-100 )„ 
C0 — 50-551d. variable, -straight-lilac-frequency" type 

(1 I anunarl und MC-30- NI). 
Cui — 100-p/dd. and 50-ppfd. in parallel (Sickles Silver. 

cap). See text. 
Cit — 100./o.fd. mica. 
Ca. Cms — 50-gpfd. variable (lIantinarlund MC-50-S). 
C10 — 47-05141. mica. 
C20 — 35-5511.1, per section, split stator (Ilanimarlund 

MCD-35-MX). 
Cgt, CN2 — Neutralizing capacity. See text. 
RI — 0.5.niegolun vol control, switch type. 
112 — 680 oluns, I;';. watt. 
its — 47,000 illrns. 1,;' watt. 
114, Ro — 0.22 inegolina, I./2 watt. 
— 4700 ,1 watt. 

112. leo — 0.1 inegolun. 114, watt. 
Rs — 5000 ohms, 5 is at ts. 
Btu — 220 duns. I watt. 
11,1 — 13.000 ()Ions, I watt. 
En— 15,000 ohms, 5 watts. 

padder condenser, such as a Hammrolund 
AP-S0, which can then be adjusted until 12 
Mc. appears at about 90 on the Vle0 vernier 
dial. The high-frequency limit., 13.5 Mc., 

should then come at approximately 10, giving 
a spread of about 18 divisions for the 144-Mc. 

band and 54 divisions for the 50-Mc. band. 
Without such a variable condenser, the num-

ber of turns on L1 must be adjusted by eut-
and-try until the proper tuning range is secured. 
In either case, the final adjustment of band 
coverage should be macle with the 68A7 react-
ance modulator in its socket so that its plate-

to-ground capacity will be across the tuned 
circuit. 

Operation of the crystal oscillator may next 
be checked. With a 100- ma. meter connected 
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— 8 turns No. 18 tinned, U-incli diameter, 1-inch 
length, on National PRP-2 form. Tapped 2 t. 
from g I end. 

L2 — 10 turns No. 14 c., 3 diameter, spaced one 
diameter, air-wound. 

14 -4 turns No. 14 e., 34-inch diameter, spaced one 
diameter. air-wo I. 

L1 — 5 turns eaeli section, No. 14 e., 34inch diameter. 
Adju ‘t spacing for beet eoupling. See text. 

Ls — 3 turns each section, No. 12, tinned, 1h-inelt 
diameter, spaced one diameter. 

L0 — 2 turns No. 14 e., 1-inch diameter, swinging link. 
See photos and text. 

L7 — 35 turns No. 24 d.c.c., close-wound on 9/16-inch 
diameter form (National PRE-3). 

Ri — Mierophone battery (Burgess). 
Ji — Open-circuit jack. 

Is, J1 — Closed-circuit jack. 
RFC', It FC2, RFC.' 2.5-mh. r.f. choke (National 

R-10))). 
RFC.3 — r. f. choke, end-mouniing (National 

R-100-li). 
SI A-11.0 — 3-po,ition 3-eroit act rotary switch (Mallory). 
S2 — Switch on deviation rontrol, RI. 
— hen rilivia,phone transformer (Thordar-

s(1n T-83A78). 
T2 —. 6.3-volt 4-amp. filament transformer. 

throuah J, and the a.m./f.m. switch in the 
"crystal" position, adjust the crystal-oscil-

lator cathode tuning, C6, until the current dips 
sharply, indicating oscillation. This control 
should be set at the point which gives the low-

est cathode current consistent with easy crystal 
starting. Cathode current should be similar for 
both oscillators — about 20 ma. 
The doubler stage may next be tested by in-

stalling the 6V6 and 815 tubes, leaving the 
plate power off the 815. A meter having a 10-
ma. range should be used to measure the grid 
current. in the 815, at j3. The current should 
come up to about 6 ma. when the spacing 
between L3 and ./.,4 is optimum, though this is 
more than is actually needed for satisfactory 
operation of the 815. 
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Next. the positir in of the neutralizing wires 
can be adjusted. The 815 plate tuning con-
denser, C2o, should be rotated slowly, ¡rie: ti-
while watcliing the grid current, for any var! t-
tion. The position of the neutralizing wires 
should be adjusted until there is no sign of 
fluctuation in grid current as the tuning con-
denser is rotated. A length of wire extending 
about one inch above the natal ring on the 
815, at a position about W3 inch from the glass 
envelope, should be sufficient. If this should be 
inadequate, small tabs of copper or brass can 
be soldered to the ends of the wires to make 
additional capacity to tlw tube plates. The 
neutralizing capacity is necessary in order to 
ensure conqdetely stable operation. 

After nentralizat it in. power may be applied 
to the 815 plates, while ! nit ing the cathode cur-
rent as indicated on a 200-ma. meter plugged 
into J.1. The dip at resonance should bring the 
current to about 50 ma, with no load. A 25-
watt lamp connected across the swinging link 
terminals should then give a full-brilliancy 
indication when the link is : uljusted for maxi-
mum coupling. This is wit 500 volts applied, 
which should be used only after it has been 
determined that everything is functioning 
properly. 1f trouble is encountered, further 
tests should be made with reduced voltage to 
avoid damaging tint tube. 
When the transmitter is put on the air, the 

full 500 volts at 150 ma. may be used for fan. 
or c.w. operation. For plate modulation, the 
voltage should be reduced to about 400 for 
maximum tube life, even though the tube 
plates may show no color at the higher volt-
age. 

For frequency modulation, the 6SA7 react-
ance modulator provides the simplest possible 
means of obtaining the desired swing in fre-
quency. It may be operated with a single-
button microphone plugged into J1, or the 
modulator may be driven from a speech am-
plifier and crystal or dynamic microphone. The 
output of the speech amplifier should then be 
connected across potentiometer Rh and 7). may 

I'ig. 1603 Under-ehas.i. 
view of the 50-Mc. a.m./f.m. 
transmitter. At the lower 
center are the VFO grid coil 
and a-socia tell  ponents. 

er t lie-e :ire the ery,ta I and 
cathode circuit for tir, t, \ G7 
ce, - n, oscillator. \ t thy upper 
right are tile ils'. 

doubler 'lie coil 
and linal grid coil. The coil 
and condenser al tile lonet 
right comprise the plate cir-
cuit which common to both 
oscillator-. The d.mbler plate 
timing i› at the far 
right. 

be omitted. In either case, Ri serves as a devia-
tion ciintrol, the swing being atljusted to suit 
the receiver at the stat ion being worked. 

In aildit ion to t ht. filaini•nt transformer, To, 
indic at ed in the circuit di:kgram, the transmit-
ter requires t wo plate power supplies. One, for 
the 815, should have an output of 400 to 500 
volts at 175 net.: the other, for the remaining 
tubes, should deliver 300 volts at a pprO xi-
mutely 100 milliamperes. 

(L 300-Watt Driver-Amplifier 
for 50 and 144 Mc. 

A companion high-power driver-amplifier for 
the 50-Mc. transmitter deseribed in the pre-
ceding section is shown in Figs. 1604 to 1607, 
inclusive. The amplifier uses a pair of 35-TO 
tubes in inish-pull while the driver, a frequency 
tripler used for 144 Me. only, is a single 35-TO. 
1f operation on 144 Mc. is not, desired the 
driver may be omitted, in which case every-
thing to the left of terminals If-B in the circuit 
diagram, Fig. 1606, may be ignored. 

Looking at the front-panel view, the two 
large dials are the plate tuning controls for 
both stages. The small dial at the left cont rids 
the swinging link, the miter dial is the grid 
tuning control for the final stage, and t he one 
at the far right is the triplet. grid tuning con-
trol. All parts are nniunted well back from the 
panel, and Lucite rods are used for extension 
shafts. 
The rear view shows the general placement 

of parts. At the left, attached to the back of 
the 7 X 17 X 3-inch chassis, is the jack bar 
containing terminals A-A and C-C, into which 
the link from the exciter is plugged to furnish 
drive for either the tripler or final. The tripler 
grid coil, LI, is just above the link socket, with 
the plate condenser, C6, and coil, L2, for this 
stage between the tube and the front panel. 
The link between L3 and L2 is a plug-in affair, 
and its socket (which is a mechanical mounting 
only) is between the tripler plate and final grid 
condensers. Between the grid tuning condenser 
and the final tubes are the ganged neutralizing 
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Fig. 1604— Front view of the 300-watt 
driver-amplifier for 50 and I I Me. The two 
large dials are the plate t gluing controls. The 
small ditd at the left adjost , the position uf 
the output roupling link, the center Ilia! is the 
grid timing control for tie final, alld IIÍr.• third 
small dial is the tripler-grid tuning, control. 
.Aerow, the lower tenter are the filament 
switches and grid-current meter Jack. 

• 

condensers. These are triple-spared midget 
condensers mounted back-to-back with coupled 
shafts. The final tank condenser is mounted 
as closely as possible to the two tubes, at the 
rigilt. The jack bar for the final plate coil and 
the homemade swinging link assembly are at 
the far right. All components are mounted as 
close together as possible without being so 
crowded that tubes cannot be removed from 
the sockets. 
When t hy amplifier is to be used on 50 Mc. 

the switch St is left open so that the filament 
of the tripler will not light when S2 is closed. 
The link from the ( excitor is plugi4,1 into termi-
nals C-C in the jark bar, which is a Millen 
Type 40205 coil socket. The output of the ex-
citer is t hits connected to the link terminals on 
the final grid- yeti) sorket. L3, wilirit is a Nat iemal 
Type NB- 16. The plug-in link is left out of its 
socket, B-R, which is a Millen Type 33002 
crystal socket mounted on a small cone 
st and-off. 

For operation on 141 My., switch St is 
closed, lighting t he filament of the trirder tube. 
Tite exciter link is inserted at terminals A-.4 
on the link jack bar, coupling the exciter to the 
tripler grid coil, Lt. The plug-in link whirh 
transfers the energy front L2 to L3 is inserted 
in its socket. and 144-Mc, coils are inserted in 
the sockets for L3 and L4. 

In oreler to eliminate the stray capacitance 
and induct:wee usually encountered in any 

• 
Fig. '61'5 - lb-ir view nf lia ALL amplifier 
unit il l- Me, coils in place. corn-
oonerit. ; t n. grmwed for  • lead length. 
1.11ei le rim], are u.:ed for extension shafts on 
all toning ,ontrols. Note the plug-in link 
between the triple,. [ date coil and the final grid 
circuit. links. for the final grid- and 
output -cow piing eircui ts, are low-loss 300-ohm 
line (Anudicied 21-056). 

• 

plug-in base, the 144- Mc. coils for L3 and L4 
are made to plug directly into their respective 
sockets. The grid coil, being of No. 12 wire, fits 
the socket eontacts; the plate coil is fitted with 
pins removed from an old tube base or plug-in 
coil form. For the same reason, the plug-in link 
terminals on the L3 coil socket are not used for 
144 Mc. 
The final-stage plate tank condenser is made 

front a Cardwell dual neutralizing condenser, 
whiclt originally had an insulated flexible 
coupling bet ween the two rotor sertions. This 
was removed and a section of 1.¡- inch brass 
rod, tapped for q 2 thread, was inserted in its 
place. A piece of %-inch thick Lucite was fitted 
to the bottom of the condenser assembly and 
serves as a mounting base. The result is a split-
stator condenser which has sufficiently wide 
spacing to eliminate the danger of flash-over, 
yet is extremely compact. 

There is really no necessity for a plug-in coil 
at LI, inasmueh as it is never changed, but it 
was employed to permit the use of a standard 
commercial unit.. Two turns were removed 
fit lilt one end, making it essentially an end-
linked c' ti!, The same type of ci tu  ( National 
AR- 16, 10-C) assembly is used for the 50-Mc. 
coil for L3. One turn was removed from each 
end in titis case, a center-linked assembly being 
needed at. titis point. 

Meters should be provided for reading the 
triplet. plate, final grid, and final plate currents, 
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Fig. 1606 — Schematic diagram of the 

• Cr, — 15-d.odfd. variable (flammarlund 11FA-15-E.) 
C2, (.2, Ci, :,„ 0.001 pfil.  a. 

Ci3 — dt.noPT,,cfil. 5000-volt  -a. 
• — rd-dod1.1. pe. section, split stator ( Ilai ttttt arlund 

114-17d- \ ). 
Cie, - \ d'ilt raliZing COInlerlSerS (Card% ell Trim-

Aire. 2 plates, triple spaeing). 
• — 4-ga fil. Ir siii•tiom split stator (Cardwell ED-4-

11)1). ›.•.• tc.t. 
111 — 50,000 ohm-, 10 watts. 
R2 — 3000 ohms.. 10 I 
113 — 230 ohm:, 10 w It-. 
— 6 turns No. 18. Il i-inch diameter, 1 3/16 inches 

long, : t- turn crol link Nati tttt al All- 16, 10-C, 
with t is 0 illr11 , 1,1110, ecl Cricri, one end/. 

1.2— 2 turns No. 11 e... diameter, simeed !;‘ inch. 
Link, 1.2, - 2 turns No. I t e., each end. 
Plug-in device is for meehanival mounting only. 

La— 50-60 Mc. — Same dd , Lt. but with ' doe turn re-
moved fr  each cod of the original unit. 144 
Mc. — 2 turn,. No. 12 tinned, titanic-
ter, spaced I2 inch. No plug-in base is used — 
coil leads plug directly into socket. 

as indicated in the circuit, diagram, although 
these meters are not included in the unit itself. 
The jack on the front panel is for a meter for 
measuring the tripler grid current, and is nor-
mally used only during initial tuning opera-
tions. 
The final stage should be tuned up on 50 Mc. 

first. The exciter link should be plugged into 

50- 1.11- Me. driver-amplifier using 35-TGs. 

1.4 — 50-60 Mid. — 3 turns each side of center, No. 12 
t. 41. Melt diameter. Adjust turns spacing 
so that low - frequency erid of range comes with 
tuning condenser at maximum ,timidity. Base 
is a Millen Type 10205 midget plug. 1.11 Me. — 
I turn each sidle of renter, No. 12 tinned, spaced 
to lit Idol,. in jack bar ( Millen Type 4121(5 
midget socket). Pins for this coil may be re-
moved from an old tube base or plug-in coil 
form. 

Ji — Closed-circuit jack. 
M i — 0-150 nia. 
M -‘2 0-50 nia. 
M — 0-300 ma. 
111:Cd, BFC4 — V.h.f r.f. choke (Olunite Z-11 
RFC2 — 10 turns No. 14 e.„ self-supporting, close-

wound on '''g-inidh diameter. 
RFC3 - V.h.f, r.f. choke (Olunite Z-0). 
Si, S2 toggle switch. 
Ti — Filament transformer, 5 volts, 4 amperes. 
T2 — Filament transformer, 5 volts, 8 amperes. 

terminals C-C on the jack bar, and the 50-Mc. 
coils inserted at /4 and LI. With power on the 
exciter but no plate voltage on the amplifier, 
rotate C7 for maximum grid current. Set the 
neutralizing condensers at maximum capacity 
and rotate C12. lf the final-stage plate circuit 
is capable of being tuned to resonance there 
will be a pronounced dip in the grid current. 

The neutralizing condensers, C10 

and Cu, should t hen be adjusted a 
small amount, at a t ime until the dip in 
grid current disappears. Power may 
hen be applied to the plate circuit. 
everyt ! ling is in order. the dip in 

plate current at resonance slignild 
bring the plate current down to less 

• 
Fig. 1607 — Under-elias.is view of the 35-TG 
Iris er.aitiplifier. Separate filament tramdform-

rt.,: are used for the t situ stages. The driver-
tuhe socket and the two filament r.f, chicles 
are at the right. 
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Fig. 1608 — Alternate tripler stage to replace the 35-TG 
shown in Fig. 16116. C ponents are the same with the 
following exceptions: 

Ca — Split-stator midget (Hammarlund 
R4 — 10,000 ohms, 10 v. atts. 
Li- 6 turns No. 18, 1%-inch diam., lus inches lonx, 

3-turn center link. ( National AR-16, 10-C, with 
1 turn removed from each end.) 

Lz — 2 turns No. 12 &main., diam., center-
tapped, coupled inductively to L3. 

than 50 ma. The amplifier may be loaded up to 
nearly 300 ma., at a plate voltage of 1500 --
an input of 425 watts or more — before the 
plates of the 35-TGs show more than their 
normal bright-orange color. 

Next, tripler operation should be checked. 
With the exciter on 48 Mc. and the link in-
serted in the terminals A-A, adjust C1 for maxi-
mum grid current.. This should be around 20 
ma. when no plate voltage is applied to the 
tripler. For initial tests 750 volts is sufficient — 
the maximum voltage should not be used until 
everything is in order. Apply the plate voltage 
and tune C5 for resonance, which should occur 
near minimum capacity. 
When it has been determined that the output 

is actually the third harmonic, or 144 Me., in-
sert the plug-in link at 13-13 and the coils for 
144 Mc. at La and L4. Repeat the process of 
checking the final stage as outlined above for 
50 Mc. Some change in the setting of the neu-
tralizing condensers may be required for com-
plete neutralization at 144 Mc. (the setting 
for this band is much more critical than for 

Fig. 1609 -- Rear s iew 
of the 100-u att 114- Me. 
transmitter. The 815 trip-
ler i- at the center of the 

ith t he two pre-
ceding tripler stages at the 
right. The final stage is 
assembled on a separate 
"U-shaped chassis, to per-
mit substitution of an al-
ternatearrangement.Note 
the very close coupling 
between the tripler-plate 
and final-grid tanks. 

50 Mc.), but the adjustment for 144 will 
usually be found to be satisfactory for 

e-s I-3 the lower frequency as well. 
Tests on 144 Me. should be con--, 

ducted at a lower voltage than is used 
for 50 Mc. Up to 2000 volts may be 

RFC • used at the lower frequency after 
3  

everything is tuned up, but with the 
somewhat lower efficiency at 144 Mc., 1300 
volts is the recommended maximum. Tun-
ing operations should be conducted at not 
more than 1000 volts. A load should be kept 
coupled to the final stage when high voltages 
are used, otherwise the circuit losses at this 
frequency will cause sufficient tank-circuit 
heating to melt soldered connections. 

Circuit losses make the dip in plate current 
high (about 100 ma. at 1000 volts) at 144 Mc., 
but the resonance clip is not a true indication of 
performance. Lamp loads, too, are unreliable 
at this frequeney. The best test is the color of 
the tube plates. If the color does not indi-
cate greater heat than is shown when 150 
watts input is run with no excitation, then 
there is no cause to worry about harming the 
tubes. 

C. Alternate Tripler Stage Using an 829 

A more efficient tripler st age, for use in driv-
ing the amplifier on 144 Mc., is shown in Fig. 
1608. It may be used in place of the 35-TG 
tripler shown in Fig. 1606, or as a source of 
excitation for any 144-Mc, amplifier in the 
medium-power class. It employs an 829 or 
829-B, and uses most of the components of the 
35-TG stage it replaces. Best transfer of energy 
to the amplifier stage is obtained with direct 
inductive coupling of L2 and L3, dispensing 
with the plug-in link shown in Fig. 1606. 
By driving the tripler stage very hard it is 

made to operate at quite good efficiency, the 
output, with 600 volts on the plates, being 
nearly 40 watts. Grid current, under load, is 
about 10 ma. through the 50,000-ohm grid 
resistor. At 125-ma. plate current, the 829 
tripler will provide a satisfactory amount of 
grid drive for the push-pull 35-TO final stage 
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Fig. 1610— Circuit diagram of the 144-111e. crystal-controlled transmitter. 

Ci, C2— 4.7-inifd. ceramic, SOO 
volts. 

Ca, C4 — 100-mpfd. mica, 500 volts. 
Q s Cs, Cla, CIS *— 0.001-pfd. Utica, 

500 volts. 
Cg, 50-asfd..per-section vari-

able ( National ST)-50). 
C7, Cs, CII, Cl2 220-541. mica, 

500 volts. 
CH, CIO — 10-upfd. variable (Na-

tional Uh1A-10; See text). 
RI, R2 — 0.22 mcgobm, watt. 
113 — 15,000 ohms, 2 watts. 
RI, Rs, R — 220 ohms, 2 watts. 
Ha, ltd, Re, Rio — 0.1 megolini, 
watt. 

33,000 ohms, 2 watts. 
Ru — 10,000 to 20,000 ohms, 4 

watts. 
11I3 — 4700 ohms, 1 watt. 
11u — 5000 ohms, 5 watts. 
R — 0.1 megolun, 2 watt s. 
Rig — 5000 to 10,000 ohms, 5 or 10 

Watts. 
R17 — Resistance equal to grid. 

flirter resistance, if 0-10 mil-
liammeter is used. 

14, L2— 750 ph. (See text). 
La — 20 turns No. 22 on ;%I-inch 

din, form ( National NI{.50), 
elose.wound, eenter-tappcd. 

([ A 100-Watt 144-Mc. Transmitter 

A crystal-controlled transmit ter for 144 Mc. 
need not be especially complicated, particu-
larly if the rig is designed for one-band opera-
tion. Figs. 1609-1614 show a simple easily-
constructed transmitter which is capable of 
delivering up to 100 watts of power at 144 Mc., 
with only slightly more apparatus than would 
be required for similar output on a lower fre-
quency. It was designed by Calvin F. Hadlock, 
WI CT W. 
The oscillator stage uses two 6AG7s in 

push-pull, with a crystal in the range between 
5.33 and 5.48 Mc. The plate circuit is tuned to 
the third harmonic of the crystal frequency, 
driving a pair of 6L6Gs operating as frequency 
tripiers. This stage, in turn, drives an 815 
tripler, the output of which is on 144 Mc. The 
final stage may be either an 815 or an 829, and 
examples of construction are shown for both 
tubes. Output and efficiency will be consider-
ably higher with the 829, and it is somewhat 
more stable in operation and easier to drive. 
By making provision for more than adequate 

driving power, capacity coupling is permitted 

L1 7 turns No. 16 on J4-inch dia. 
form, length eié inch, center-
ta 

LS, L7 — See Figs. 1612 and 1613. 
Ls — See text. 
Ls — Set text. 
MAI — 0.10 milliammeter (0.20 ma. 

may be used, in which ease 
Ri7 is not required). 

MA2 — 0-300 millianiineter. 
RFC-40 turns No. 26 close-wound 

on ¡./t-itieli dia. form. 
Si — D.p.d.t. toggle switch. 
S2 — S.p.s.t. toggle switch. 

in the exciter stages, and a nonresonant grid 
circuit can be used in the final stage, which 
makes for completely stable operation without 
neutralization. Similar tank circuits of novel 
design (see Figs. 1612 and 1613) are used in the 
two 144-Mc, plate circuits. The grid circuit of 
the final stage consists of an untuned " U"-
shaped loop which is tightly coupled to the 
plate circuit of the 815 tripler stage. As the 
resonant frequency of this grid circuit is much 
higher than 144 Mc., there is no tendency to 
oscillation. 
The coil and condenser values for the crys-

tal-oscillator grid circuit are not particularly 
critical, but should be adjusted roughly for 
optimum oscillation. Pie-wound 2.5-mh. chokes 
might be used for the coils by removing one or 
two of the pies. The use of the two 4.7-mafd. 
condensers connected between the cathode and 
grid of each 61G7 assures strong oscillation, 
even with sluggish crystals. With the constants 
given, the crystal will always oscillate, regard-
less of the setting of the various controls. 
The plate circuits of the first two stages are 

tuned with receiving-type split-stator con-
densers, the rotors of which are grounded. The 

+SOOV. 
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Fig. 1611 — Bottom view 
of the crystal-
controlled transmit ter, 
showing the simplicity of 
the layout. The two " 1". 
shaped plate tanks are 
mounted on blocks of 
polystyrene. Oscilla tor 
and tripler plate coils are 
at the left. 

coils are wound on ungrooved coil forms (Na-
tional X R-50, wit h the core removed). Any 
inch diameter form could, of course, be sub-
stituted. Coils are mounted below the chassis, 
wit h the tuning condensers above. 
The 815 and the 829 plate circuits are made 

of 10-inch copper strip. j inch wide and Il 
incites long, fol( led into " U" shape, as shown 
in Fig. 1612. The National U MA-10 conden-
sers used for tuning these circuits are removed 
from their Isolantite mounting plates and re-
mounted on the ends of the copper-strip 
inductances. A National GS-1 Isolantite in-
sulator is fastened just below the condenser to 
make the assembly rigid. Connection to the 
tube plates is made wit h short lengths of flexi-
ble copper ribbon inch wide. 
The final grid circuit is made of U6-inch cop-

per strip, inch wide, bent into a " U" which 
is the same width as the plate tank to which it 
is coupled. The grid " U" shown is about three 
incites long. It should be as short as possible 
and yet provide adequate grid drive when 
coupled as closely as possible to the tripler 
plate circuit. Making several grid "coils" in 
order to attain this end is preferable to using 
longer tanks and looser coupling, as the smaller 
the grid tank is, the less tendency there will be 
for instabilit y in the final stage. 
The transmit ter is mounted on a 17 X 8 X 2-

inch d'assis. nd is designed for rack mounting, 
usinga st andard s'.q-inch panel. The tripler plate 
circuit is in the exact center of the chassis, and 
is mounted on a small rectangle of polystyrene 
which is bolted to the bottom of the chassis. 
In order to permit the use of alternate ampli-
fier units, a square hole was cut from the chassis 
top at the point where the amplifier units are 
mounted, and the two final stages were as-
sembled on chassis of folded aluminum 6 inches 
high by 7y2 inches wide. If only one ampliiicr 

Fig. 1613— Dimension-
al drawing of the LU-
Ale. tank in, lurtance lie. 
fore bending. The mate-
rial is -inch mimer 
strip. 

stage is to be built, it can, of course, be mounted 
directly on the chassis. An advantage of the 
separate-chassis method is that the holes by 
winch it is mounted can be made into slots, 
permitting the whole assembly to be moved 
back and forth slightly for adjustment of 
coupling to the tripler stage. 
The screen-supply switch, S.2. provides a safe 

method for tuning up the transmitter without 
damaging the 829. With the meter tneasuring 
a branch of the exciter grid current (left-hand 
position of SI, Fig. 1610), tuning the oscilla-
tor plate circuit for maximum ind t ion should 

• 

Fig. 1612 
—Detail 
photo of 
the tank 
circuit used 
in the 815 
and 829 
plate cir-
cuits. Di-
mensions 
are given 
in Fig. 
1613. 

• 

produce about I ! Í to 1 ma. Tuning the second 
stage should raise the total reading to about 
3 ma. With the grid-meter switch in the right-
hand position, tuning the tripler plate circuit 
to resonance should produce about 12-ma. final 
grid current under load, when the coupling 
between the tripler plate and final grid circuits 

á..Copperstrip  pull 'Drill Ne 28 Drill stock 

s- 
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Fig. 1614— An alternate aniplilier unit using an 815 
which may be substituted for the 829 unit shown in the 
complete assembly, Fig. 1609. 

is adjusted correctly. The final-stage plate 
circuit may then be adjusted and the full 
screen voltage applied. With antenna or 
dummy load, the output coupling (L8 is ap-
proximately size of 14, but of No. 12 enameled 
wire) may be adjusted to raise the final plate 
current to 200 to 250 ma., depending upon the 
plate voltage used. The transmitter is then 
ready for modulation, which may be supplied 
by any audio unit having 75-watts output, or 
the unit may be used as an exciter, in which 
case it is capable of driving a final stage of 500 
watts or higher rating. 

tr. A Mobile Transmitter for 50 and 
28 Mc. 

Low over-all battery drain in mobile opera-
tion is best obtained through the use of fila-
ment-type tubes which are lighted only during 
transmission periods. The mobile unit for 6, 
10, and 11 meters, shown in Figs. 1615-1619, 
employs filament-type beam tetrodes through-
out. Five 2E30s are used, as crystal oscillator, 
frequency multiplier, Class A driver, and push-
pull Class AB modulators. The final stage is a 
2E25, a tube of somewhat larger design, having 
its plate connection at the top of the envelope. 
Total filament current is only 4.3 amperes, and 
there is no drain whatever when the rig is not 
actually on the air. 
The transmitter is housed in a crackle-

finished cabinet of modern design (Par-Metal 
CA-202) which may be mounted in back of the 
seat in coupe-type vehicles or in the trunk 
compartment of sedans. 

Special attention is paid to ruggedness of 
construction, all leads being made as short and 
direct as possible. Small components are sup-
ported with terminal strips at each end where 
possible, and tuning controls are equipped 
with dial locks (National ODL). The meter 
(a Marion 0-10-ma, sealed unit) is back-of-
panel mounted, with a sheet of Lucite serving 
as a protecting window. This method of 
mounting the meter, about 34 inch in back 
of the panel, also provides a convenient method 
for illuminating the meter face. Dial lights are 
mounted at either side of the meter, as shown 
in Figs. 1617 and 1619. 
By using 100-pmfd. variable condensers for 

C2 and C3, the range of the oscillator and mul-
tiplier plate circuits is extended, so that it is 
unnecessary to change these coils in changing 

Fig. 1615 — A typical 
installati llll of the 6. 
and 10-meter mobile 
transmitter. The small 
aluminum box at the 
right of the unit houses 
the antenna change-
over relay. The gen-
emotor and its starting 
relay are mounted un. 
der the hood, adjacent 
to the car battery. Op-
eration of the transmit-
ter is controlled entirely 
by the push-to-talk 
switch on the micro-
phone. 
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Fig. 1616— Wiring diagram of the mobile rig for 6 and 10 meters. 

Car 
Battery 
+ 0  

0+ 
Plate 
Supply 

Ci — 100- fil. midget, serewdriver-adjustment type 
alaminarlund A PC- 1001. 

C3, C3-- 100-mad. midget, shaft type ( II: arlund 
11F.100). 

C4 — 15 !odd., double spaced (Hamm:Mond UFA. 

C3 — 0.001-A1. mica. 
Ci, C9, Cii, C12, Cu — 470-entrd. midget mica. 

Cs, CIO — H/0.µµfd. midget mica. 
Ri —  82,000 ohms, 1 watt. 
112, R0-1000 011111S, I watt. 
lta, 117, Rio — 100 Oilins, o Matt. 
1(4, Rs, 11 12, R13 — SpinalShunts. (See text.) 
lls — 150.000 ohms, 1 watt. 
Hs — 33.000 ohms, 1 watt. 

RIG — 5000 ohms, 10 watts. 
1114 -- 10,000 ohms, !,¿: watt. 
RI3 0.5-megolun polen t',meter. 
14, Li- 7 turns each, No. 20 d.c.c., % inch long on 

1-inch dia. form, windings interwound. 
Ls— 10 turns No. 12 main., close-wound on 1-inch dia. 

form. 

bands. Only the crystal and the final plate coil, 
1,5, need be changed. Complete push-to-talk 
operation is made possible through the use of 
two relays. Ryi starts the genemotor and applies 
the filament voltage to the transmitter. Ry2 
transfers the antenna from receiver to trans-
mitter. Both are controlled by the switch on 
the microphone, which may be any single-but-
ton type which has a control switch. The Army 
T-17-B, now currently available as govern-
ment surplus, is shown with the rig. 
The crystal oscillator is a Tri-tot, modified 

for filament-type tubes. Interwound coils are 
inserted in the filament leads, and one of these 
is tuned. The setting of this adjustment is not 
critical and may be left near maximum capac-

I --ea-

 •'1 7b Reeve i 

Ry2 Antenna 

rQ Xmtr 

— 6 turns No. 12 cnam., inch long, IA•incla inside 
dia., self-supporting. 

Ls — 28 M,..: 10 turns No. 12 ennui., 1 !..¡ inches long, 1-
inch in:ide dia., self-supporting. 

50 5 turns Nn. 12 enaIII., I inch long, 1-inchi 
inside dia., self-supporting. 

Le- 3 turns on .l-;,-ineh polystyrene rod —  see text and 
detail photo. 

.11 — Socket on power cable, 5 prong. 
J2 — Double-button microphone jack. If T-17-13 micro-

phone is used, a special jack designed for this 
mieeophone must be obtained. 

J3 — Coaxial fitting (AmplIcnol 83.111. Matching plug 

11 — 0 10-ma. sealed unit (Marion). 
Pu -- Power plug on transmitter 
RFC — 2.5.mh. c.f. choke, National 11-100. 

I1 >2 — Sec text. 
Si, S2— S.p.s.t. snap switch. 
S3— 2-sect in 5- position Wafer-type switch. 
Ti — Single-button microphone transformer. 
Ti I) ri, r t ransformer St atwor A-4752). 
T3— Modulation transformer (LiTC S-18). 

ity for 6.8-, 7-, and 8.4-Mc. crystals. The 
oscillator doubles in its plate circuit at all 
tino. 
The stage following the oscillator is oper-

ated as a doubler for 27- and 28- Mc. work, and 
as a tripler for 50 Mc. The 2E30 is an effective 
frequency multiplier, and there is adequate 
excitation for the final in either case. Screen 
voltage on the exciter stages is stabilized with 
a miniature voltage-regulator tube, an 0A2: 
With a screen voltage of 150, the plate input to 
both 2E30s is held to about 6 watts per tube. 
The final stage uses a 2E25, whose top-cap 

plaite connection permits the mounting of the 
plate circuit above the chassis, well isolated 
from the other tuned circuits. A small shield, 
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Fig. 1617— Detail photo of the 2E25 final stage, show 
ing method of coupling to the antenna. The coupling 
coil, wound on a polystyrene rod, is adjustable from the 
front panel. The plate coil is mounted by means of 
G.R. plugs. 

cut from an old-style tube shield to a length 
of about one inch, comes up to the bottom of 
the 2E25 plate assembly. These precaut ions are 
sufficient to provide completely stable opera-
tion without neutralization. 
The antenna coupling coil, L6, is wound on a 

short length of polystyrene rod Y2 inch in di-
ameter, into which is inserted a i. -inch rod 
of the same material. This shaft projects 
through the front panel, where a shaft-locking 
panel bushing (Bud PB-532 bushing, Millen 
10061 shaft lock) holds it in the desired posi-
tion. Coupling is adjusted by pushing or pull-
ing the knob affixed to the shaft, following 
which the bushing may be tightened for per-
manent setting. The bushing may also be set 
finger-tight, allowing the coupling to be ad-
justed, yet holding it with sufficient firmness to 
prevent its being jarred out of position. 
Three 2E30s are used for the modulator, 

one as a Class A driver, and two in push-pull as 
Class AB modulators. All three are triode-

chapier Sixieen 

connected. Bias is supplied by a 30-volt hear-
ing-aid battery, which can be tapped at 15 
volts by opening up the cardboard case and 
soldering on a lead at the point whore tho two 
15-volt sections are joined together. This lead 
is brought out to the unused terminal on the 
battery socket and plug. 

Metering of all circuits is provided by a 10-
ma. meter, a 2-section 5-position switch, and a 
set of shunts. The shunts are made from small 
100-ohm resistors, on which is wound about 7 
feet of No. 30 enameled wire. The shunts should 
be wound with an excess of wire, the length of 
which may be reduced unt il the multiplication 
of the meter scale is just right. The resistor 
Rln in t he final grid circuit is left without a 
shunt, giving direct reading on the 10-ma. scale 
for measuring the final grid current. 

Except for the speech stages, the unit may 
be tested using 6.3 volts ac. on the filaments 
and an a.c. power supply. A storage battery 
must he used for filament supply when the 
speech equipment is to be tested, as a.c. on 
the filaments will produce excessive hum. 
Initial testing should be carried on with about 
200 volts on the tube plates. When operation 
has been found to be satisfactory, this may 
be raised to 300. 
To place the unit in operation, set Si to the 

"on" position, leaving 82 "off." With the 
meter switch in position " A," apply plate 
voltage and note meter reading, which is the 
oscillator plate current. This will be about 20 
ma., dipping slightly at resonance as C2 is 
adjusted. Next switch to position " B" and 
adjust C3. The dip here may not be as pro-
nounced as in the oscillator, and the final 
grid current, position " C," 10-ma, scale, is the 
best indication of resonance in the preceding 
adjustments. This reading should be about 4 
ma., dropping to 3 ma. under load. With 82 
turned on, the final plate current, position 
"D," should drop to below 10 ma, at resonance, 
and coupling of the antenna should raise it to 
50 to 60 ma. Modulator plate current will be 
about 20 ma., rising to 60 ma. or more on au-
dio peaks. No metering position is provided 
for the Class A driver current, but this should 

Fig. 1618 — Bottom view of the mo-
bile rig. At the left center are the 
interwound coil and tuning con-
denser which are part of the oscil-
lator filament circuit. Audio com-
ponents are at il/e left, with oscillator 
and multiplier plate circuits near the 
front panel. 
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Fig. 1619 — The plate circuit of the 
final stage of the mobile transmitter 
is the ottly r.f. eiroult chava the chas. 
sis. The three tubes at the left are the 
driver and audio stages, wttli the QS-
cillator and multiplier tubes directly 
in back of the meter. The tube to the 
right of the modulation transformer 
is the 012 voltage regulator. Chassis 
size is 7 X 13 X 2 inches. 

be approximately 10 ma. 
With the coil and condenser values given, it 

is impossible to get output from the final stage 
on a wrong frequency, but excitation to the 
final may be obtained on incorrect harmonics; 
hence it is advisable to check the frequency of 
each stage with a calibrated absorption-type 
wavemeter. 

For maximum convenience, the same an-
tenna should be used for both transmission 
and reception. Antenna change-over is handled 
with a conventional 6-volt antenna relay which 
was mounted in a small box made up for the 
purpose from folded sheet aluminum. Am-
phenol coaxial fittings, mounted on the sides 
of the relay box as close to the relay contacts 
as possible, provide for connection to the 
transmitter, the receiver, and the antenna by 
means of coaxial line. The relay case is 
grounded and only the inner conductor of the 
coaxial line is switched. 
A headlight relay for genemotor starting 

may be purchased from any auto-accessory 
store, and this and the genemotor should be 
mounted as close to the car battery as possible, 
in order to minimize voltage drop. Battery 
wiring and filament cables should be as heavy 
wire as possible, with No. 10 as the minimum. 

For actual mobile operation, the quarter-
wave telescoping "whip" antenna, operating 
as a Marconi in the manner shown in Fig. 1616, 
is convenient. Much greater range in stationary 
operation from high locations may be had 
with half-wave radiators or multielement ar-
rays, either of which may be arranged for 
easy on- the-spot assembly. An example of such 
a portable array for 50 Mc. is shown in Fig. 
1711, Chapter Seventeen. 

41a. A 6C4 Oscillator for 144 and 235 Mc. 

Figs. 1620 to 1623, inclusive, show the de-
tails of construction of a low-power oscillator 
using a 6C4, a miniature triode power tube 
having a plate dissipation rating of 5 watts 
and designed for use as an oscillator in the 
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v.h.f. range. At the rated plate input of 300 
volts at 25 milliamperes the oscillator develops 
an r.f. output of about 2 watts in the 144- Mc. 
band. With minor modifications, to be de-
scribed later, the oscillator may also be made 
to work on 235 Mc., with somewhat lower ef-
ficiency. 
As shown by the diagram, Fig. 1622, the cir-

cuit is the ultraudion with an adjustable feed-
back condenser, C3, connected between grid 
and cathode. To reduce frequency modulation 
when the oscillator is amplitude-modulated, 
the tuned circuit has a fairly high CIL ratio, 

Fig. 1620 — A low-power 144-Me. o,eillator using a 6C4 
v.11.f. miniature triode. With the en' Inaction shown, 
connecting leads in the r.f. circuit are reduced to 
negligible length. Filament and plate-,upply leads are 
brought through the bottom chassis to a connection 
strip on the rear lip. The excitation control is adjusted 
through a hole in the top of the supporting member. 
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Fig. 1621 — A view slum% in g the assenild> of compo-
nents of the 6C4 111-Mc. o-cillator. The r.f. chokes are 
mounted by drilling and tapping the ends of the poly-
styrene rod. The grid choke is held in place by one of the 
socket mounting screws. 

using a tuning condenser having a fixed as well 
as a variable sect ion. The condenser rotor con-
sists of three circular plates and two " butter-
fly" plates. The circular plates rotate between 
two sets of stators having plates of regular 
shape and thus provide a fixed capacity. The 
butterfly plates rotate between two sets of op-
posed 90-degree stator plates, each set consist-
ing of two plates. The assembly (now available 
as Cardwell Type ER-14-BF/SL) is made 
from a Cardwell ER double condenser, with 
only the front Isolantite plate used for a mount-
ing. This method of construction results in a 
split-stator condenser having a minimum of 
inductance, since the r.f. current flows over t he 
rotor plates without having to travel along the 
shaft. The plate shapes and details of assembly 
are shown in Fig. 1623. 

Lead lengths in the circuit are reduced to a 
minimum by the construction shown in Figs. 
1620 and 1621. The entire oscillator assembly 
is mounted on a piece of h2-inch-thick alumi-
num bent in the general shape of a " U." The 
mounting is 17/3 inches wide and the bent-over 
top portion is 17A inches deep. The over-all 
height is 2U inches. The bottom lip dimension 
can be anything convenient so long as enough 
area is provided to make a solid mechanical 
mounting. The tuning condenser, Cm. is cen-
tered on the vertical portion and is mounted 
on the screws and spacers provided with the 
condenser. The hole for the shaft is made 
amply large so that the condenser rotor is not 
grounded. The condenser is mounted so .that 
the two sets of stator plates are at top and 
bottom. 
The tube socket is mounted so that the plate 

lead can drop in as straight a line as possible 
to thy terminal at the right on the upper stator 
plates of C1. The grid condenser, C2, is sup-

ported at one end by the grid prong on the 
tube socket and at the other by the left-hand 
terminal on the lower stator plates. The ex-
citation control, C3, has its movable-plate tab 
bent at a right angle so it can be bolted to the 
vertical support, and the stationary-plate tab 
is soldered directly to the grid prong on the 
tube socket. The grid choke, grid leak, and 
plate choke are supported as shown in the 
photograph. The condenser along the rear 
edge of the assembly is the heater by-pass 
condenser, C4. 
Tho oscillator assembly i mounted on a 

3% by 3%-inch aluminum channel 3. of an 
inch deep. A small panel at the front provides 
a place for a tuning dial which drives the con-
denser shaft through an insulated coupling. 
A dial lock is provided so the condenser can be 
locked at a given frequency setting. 
A polystyrene-insulated double binding-post 

assembly mounted vertically from a small 
bracket provides output terminals and a sup-
port for the antenna coupling coil, L2. The 
coupling can be varied by bending the solder-
ing lugs that support the coil so that 1.2 is 
moved nearer to or farther away from L. 
The condenser construction provides just 

enough capacity variation to cover the 144-
148-Mc, band adequately. Because of slight 
differences in the construction of similar units, 
it may be necessary to vary the inductance of 
Li slightly to bring the band on the dial: this 
can be done by squeezing the turns together or 
pulling them apart. The frequency range can 
be checked with Lecher wires or a calibrated 
absorption wavemeter. (See chapter on fre-
quency measurement.) Final adjustment of L1 
should be made after C3 has been adjusted for 
optimum output from the oscillator, since the 
setting of this condenser has some effect on the 
frequency of oscillation. 
To adjust C3, solder two pieces of wire about 

FT:7°0 

RFC 

Fig. 1622 — Circuit diagram of the 6C1 oscillator. 
— T g condenser; see text and Fig. 1623. 

C2 — 47-pgfil.  • lget mica. 
C3 3-30-55M. ceramic trimmer (National M-30). 
C4 — 470-pmfd. midget mica. 
— 22,000 ohms, watt. 

L1— 2 turns No. 12 bare wire; inside diameter 91s 
inch, length 1 inch; plate-supply tap at center. 

1,3 - 2 turns N.,. 14 enameled; inside diameter inch, 
slight spacing between turns. 

RFC — hincli winding of No. 24 d.s.c. or s.c.c. on 
Youclt diameter polystyrene rod. 
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Fig. 1623 — Plate shapes and assembly of CI, the tuning 
condenser used in the ()GI oscillator. 

34 inch long to the terminals of a small flash-
light lamp or dial light and connect theta to 
the out put terminals. A milliammeter of 0-50 
or 0-100 range should be connected in the 
plate-supply lead. Adjust the coupling between 
le and L1 for maximum glow in the lamp 
and then vary the capacity of C3 until the 
best output is obtained. C3 need not be 
touched again after the proper setting is 
determined. 

In using the oscillator for transmitting, the 
coupling between LI and 1.02 should be kept as 
loose as possible, particularly if the antenna or 
feeders can swing in a breeze, because any 
change in the ant owls circuit will be reflected 
as a change in t lic oscillator frequency. In any 
event, the coupling should not be increased 
beyotid the sat.;.,g, that maltes the oscillator 
plate current 25 milliamperes. At 300 volts the 
plate current should be about 20 ma. without 
any r.f. load. 

For operation on 235 Mc. it is merely neces-
sary to remove one rotor disc and one set of 
stators and replace the coil with a " U"-shaped 
inductance similar to that used in the 235-Mc. 
transceiver, Fig. 1638. 

C. A High-C 144-Mc. Oscillator 

The inherent instability of a modulated 
oscillator — that is, the change in frequency 
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with the change in plate voltage under modu-
lation — can be markedly reduced if the oscil-
lator tank circuit is made to have as high a 
CIL ratio as possible. Although this usually 

, entails some sacrifice of power output, the over-
all effectiveness of the transmitter is increased 
because the radiated energy is more nearly on 
one frequency. This is a particularly important 
consideration when seleetive receivers are used. 
In addition, the fact that there is less fre-
quency modulation also means that there is 
less interference to other stations operating in 
the same band. 
A high-C 144-Me, oscillator is shown in Figs. 

1624, 1625, and 1626. It uses an H1775 tube 
and a tank circuit consisting of a low-induct-
ance v.h.f. condenser and a one-turn tank coil 
of heavy conductor. The circuit, shown in Fig. 
1625, is the ultraudion with a tuned filament 
circuit to provide control of excitation. The 
oscillator is mounted on a 3 X 4 X 5-inch box, 
with the tube socket mounted below the top 
by means of pillars so that only the glass bulb 
is protruding. To bring the condenser terminals 
on the same level as the grid and plate ter-
minals of the tube the condenser is mounted 
on 5A-inch-high blocks. 
The tube socket is positioned so that the 

plate cap of the tube is near one set of the 
stator plates of C1. This leaves room to mount 
the grid condenser, C2, between the grid cap 
and the other stator terminal, thus making 

Fig. 1624 — A high-C 14 1-M e. oscillator using an 111'75. 
This type of oscillator has considerably less frequency 
modulation than those using low-C circuits, conse-
quently causes less interference and can be more effec-
tively received on selective receivers. 
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.p - iisysc 

Fig. 1625 — Circuit diagram of the high-C 
oscillator. 

Ci — Split-stator condenser, 31.5 , dd. total (I lanunar-
lund VI -301. 

C2— 47-pafd. midgct mica. 
C3— 3-30-µpfil. ',ramie trimmer. 
C4 — 100-emfd. Midget Mien. 
RI — 4700 ohms, I watt. 
Lj — 1 turn of 5/12-inch copper tubing. approximately 

hor-,41or 4a ne: irs er-all length front IllolInting 
holc, I', inches; Ititi-trie diameter at 
wide,' point, 13/16 inches; plate tap at center. 

La — 1 turn r. enameled; diameter 31 
L3, L4 — 6 tiirn. \ o. 18 tl.c.e. on 1.,Mn•li form: f.:t inter-

mound si 101 IA, lint _baring het s, eco turns, 
RFC4, RFC2— I - ir ii•li winding of :No. 21 d.s.e. or s.c.c. 

on 3,(isittelt diameter teolystyrene rod. 
T — 6.3-volt filament transformer. 
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With a plate input of 350 volts at about 60 
milliamperes the power output of the oscillator 
is approximately 4 watts. When received on a 
superheterodyne-type receiver with a beat-

, frequency oscillator, the carrier will be quite 
clean and stable provided the mechanical con-
struction is rigid. Under modulation, the fre-
quency band occupied is only about a fifth as 
much as that taken up by a low-C oscillator 
operated at the same plate voltage. In these 
days of crowded v.h.f. bands a high-C trans-
mitter of this type will go a long way toward 
improving conditions, though it is far from the 
ultimate. 

the leads bet ween the tank circuit and the 
tube as short as possible. The out put coupling 
coil, Lo. is sob lerud to lugs under the binding 
posts of a two- post assembly mounted on a 
23-inch Isolait tile stand-off insulator. A fric-
tion-type vernier dial is used to tune t he cir-
cuit, because the tuning is rather eritical 
with the high-C circuit and bemuse the type of 
condenser used requires this or a similar type 
of dial to hold the setting. silice t he shaft turns 
on ball bearings. The dial mounts on a small 
supporting panel with rounded corners, as 
shown in the photographs. 
The tuned filament circuit consists of L3, 

L4 and C3. L3 is wound between the turns Of 
L4 so that the coupling is very tight ; thus both 
filament leads can be tuned by one condenser, 
C3. C3 is adjusted for maximum output as 
judged by the brilliance of a lamp connected to 
the output terminals; it has relatively little 
effect on the frequency of oscillation. Once titis 
adjustment has been made its setting may be 
considered permanent except for occasional 
rechecking. 
The inductance of LI should be adjusted so 

that the low-frequency end of the 1- 1-1- Me. 
band is reached with C1 set as (qose as possible 
to maximum capacity. It is advisable to start 
with the coil a little larger titan necessary and 
cut a little at a time off the ends until the 
proper inductance is found. Tite connections 
between the coil and the condenser are made 
by means of lugs fashioned from tubing just 
enough larger in diameter than the coil so that 
the ends of the coil will fit inside. One end of 
each lug is flattened and drilled to fit the con-
denser terminals, and the coil is soldered in 
the unflattened ends. 

41 A Stabilized 144-Mc. Transmitter 

In general, a modulated oseillator is not a 
desirable type of transmitter for use in a band 
such as 144 Mc. where there is considerable 
activity. Even when stabilized by the use of a 
high-C tank circuit titis type of transmitter 
leaves much to be desired, because there is still 
a great deal more frequency modulation than 
is present in a master-oseillator power-am-
plifier transmitter. In additim, an oscillator 
coupled to an antenna is subject to frequency 
change whenever the antenna constants change 
slightly, as they will with changes in weather 
and with any vibration or swinging of the 
feeder wires. Besides, an oscillator cannot be 
modulated 100 per cent without considerable 
distortion because in most eases oscillation 
cannot be sustained at plate voltages below 50 
to 100 volts. Finally. the efficiency of an oscil-
lator is quite low compared to the efficiency 
of a properly-driven amplifier, so that consid-
erably more power output can be obtained 
from the same tube when it is used as an am-
plifier than when it is used as a self-controlled 
oscillator. 
An amplifier driven by an oscillator, al-

Fig. 1626 — Below-chassis View of the Itialt-C 111-Mc. 
oscillator. The filament transformer and filament tuned 
circuit are mounted inside the box. 



Fig. 1627 -- A three-stage transmitter using a 6C4 master oscilla 
tor, 6C4 buffer amplifier, and 815 final amplifier for stabilized 
transmission in the 11 I-N1c. band. The oscillator and buffer are 
built as a unit on the aluminum chassis at the right. The 
transmitter develops a carrier output of about 40 watts. 

though more stable than an oscillator alone. 
is still subject to frequency-modulation effects 
because the change in power input to the am-
plifier with modulation causes a change in the 
grid impedance of the amplifier, and this in 
turn reacts on the oscillator to change the 
frequency. Hence it is desirable to use at least 
one buffer-amplifier stage between the oscil-
lator and amplifier. If titis is done it is quite 

+400 V. 54.00V. 

Fig. 1628 — Circuit 
diagram of the staid-
lized 144-Me. trans-
mitter. 

Cm — 3-30-imfd. trimmer. 
C2, C6, CII, CI3 470-ggfd. midget mica. 
C3, Ca — r-pufd. midget mica. 
C4 — Oscillator tuning; see text. 
C7 — Neutralizing; sec text. 
C8 — Buffer tuning; see text. 
C9, CIO Amplifier neutralizing; see text. 
Cu — Amplifier tuning; see text. 
C14 — 100 gad., 2500 volts. 
111 — 22,000 ohms, 1/2 watt. 
112 — 22,000 ohms, !.4 watt. 
118..— 15,000 ohms, 1 watt. 
R4 15,000 ohms, 10 watts. 

+300 V. 
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possible to get satisfactory perform-
ance with inexpensive low-power tubes 
in both oscillator and buffer stages, 
while if the buffer is omitted it is 
necessary to use a fairly high-power 
oscillator. This is because the coupling 
between the oscillator and modulated 
amplifier must be very loose if the 
oscillai or frequency is not to be affected 
by whatever happens in the amplifier 
plate circuit; ,consequently the os-
cillator must develop much greater 
power than act utilly is. needed to alive 
the amplifier since only a small part 
of the power can be utilized with the 
loose coupling required. 
A three-stage transmitter in which 

frequency-modulation effects are quite 
small is shown in Figs. 1627-1630, 
inclusive. It includes a 604 oscillator, 
604 neutralized buffer amplifier, and 
815 final amplifier, as shown in the 
circuit diagram. Fig. 1628. The os-
cillator and buffer are built as a unit 
on a " U"-shaped piece of aluminum (1 

inches long on top. 2:q inches high, and 2% 
inches deep on the top. The 815 is mounted on 
a vertical aluminum piece measuring 4 Yi inches 
high and 3 inches wide, reinforced by bending 
side lips as shown in the photographs. The two 
sections are assembled on a 6 X 14 X 3-inch 
chassis. 
The oscillator • circuit and components are 

identical with those already described in (MT 

I 15 VAC. 

L; — 2 turns No. 12 bare wire; inside diameter 910 inch, 
length 1 inch; plate-supply tap at center. 

— 2 turns No. 14, inside diameter M inch; turns 
spaced wire diameter. 

L3 — 4 turns No. 14, inside diameter % inch, length 
1 inch; plate-supply tap at center. 

L4 — 2 turns No. 14, inside diameter Y2 inch; turns 
spaced diameter of wire: tapped at center. 

— 2 turns No. 12, inside diameter 1 inch, length 1 
inch; plate supply tap at center. 

I.n— 2 turns No. 12, inside diameter % inch. 
RFC', RFC2. RFC3, RFC4 — 1-inch winding No. 24 

d.s.e. on 34-inch diam. polystyrene rod. 
Ti — 6.3-volt 2-amp. filament transformer. 
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Fig. 1629 — A rear view of the three-stage 144-Me. tran.mitter. The oscillator is at the 
left, with the buffer amplifier in the center. The 815 final is at the right. 

for April, 1946. The construction of the buffer 
amplifier is quite similar to that of the oscil-
lator. The buffer tuning condenser consists of a 
rotor having three butterfly plates and two 
stators each having two 90-degree plates. The 
grid circuit of the buffer is self-resonant, the 
tuning being adjusted by squeezing the turns 
of the grid coil L2 together, or prying them 
apart. The buffer neutralizing condenser, ( 77, 
mounted directly between the grid of the 6C4 
and the lower set of stator plates of Cg, is a 
3-30-ed. trimmer with the movable plate 
removed and a washer soldered under the head 
of the adjusting screw. The washer, by replac-
ing the movable plate, reduces the capacity of 
the condenser to a value suitable for neutraliz-
ing the 6C4. This capacitor may be conven-
iently adjusted through the open end of the 
chassis. Its location is clearly shown in Fig. 
1629. 
The grid coil of the final amplifier also is 

resonant with the input capacity of the 815, 
just as the buffer grid circuit is self-resonant. 
For best operation, the 815 requires neutraliza-
tion at this frequency. The neutralizing " con-
densers," Cg and Co in the circuit diagram, are 
simply pieces of No. 14 wire extending from 
the grid of one section of the 815 to the vicinity 
of the plate of the other section. The wires are 
crossed at the bottom of the tube socket and 
go through Millen 32150 bushings in the metal 
partition. The screen and filament by-pass con-
densers are mounted so that the leads between 
the socket prongs and the nearest ground point 
are as short as possible. This wiring should be 
done before mounting the partit ion. 
The amplifier plate tank circuit uses a con-

denser of the same construction as t hat used in 
the buffer tank. It is mounted as closely as 
possible to the plate caps on the 815, and to 
preserve circuit symmetry the condenser is 
tuned from the left-hand edge of the chassis. 
If the transmitter is to be equipped with a 

regular panel this 
condenser may be 
operated by a right-
angle drive from 
the front. 
The output term-

inals are a standard 
binding- post as-
sembly ou polysty-
rene. mountei I on 
metal post s 
inches high to bring 
t he coupling coil in 
proper relai ion to 
the amplifier plate 
tank coil. Là. Coup-
ling is adjusted by 
bending fa. toward 
or away from L5. 
The plate by-pass 

.condenser and screen 
dropping resistor 

are mounted underneath the chassis, as shown 
in Fig. 1630, together with the filament trans-
former. Separate power-supply terminals are 
provided for the oscillator plate, buffer plate, 
amplifier grid (terminals A-A), amplifier screen, 
and amplifier plate so that the currents can be 
measured separately. An external 0-200-ma. 
milliammeter will serve in making all adjust-
ments. However, if a meter of lower range is 
available, it may be used profitably in the 
low-current circuits. 

In putting the transmitter into operation, 
the first step is to adjust the frequency range 
of the oscillator, using Lecher wires or a 
calibrated absorption-type wavemeter. This 
should be done after C1 has been adjusted for 
maximum output. Then, using loose coupling 
between the buffer grid coil, L2, and the os-
cillator tank coil, L1 (the coupling may be 
adjusted by bending L2 away from Li on its 
mounting lugs), adjust L2 by changing the turn 
spacing until the grid circuit is resonant. 
Resonance will be indicated by maximum os-
cillator plate current; it can also be checked 
by measuring the voltage across the buffer 
grid leak. R., with a high-resistance volt-
meter. The maxi mum vol t me ter reading 

Fig. 1630 — Underneath the chassis of the 144-Me 
MOPA transmitter. The filament transformer, amid' 
fier plate by-pass condenser, and screen dropping resistor 
are mounted here. 
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(about 40 volts) indicates resonance. The (I A 144-Mc. Double Bea m-Tetrode 
buffer should next be neutralized by varying Power Amplifier 
the capacity of C7 until there is no change 
. in the voltage across R2 when the buffer An amplifier set-up suitable for usè with 
tank condenser, Cg, is tuned through reso- double-beam-teti•ode tubes is shown in Figs. 
nance. The point of correct neutralization also 1631, 1632 and 1633. The tube in the photo-
can be determined by coupling a sensitive graphs is an 829, but an 815 or 832 can be used 
absorption wavemeter such as is described in in the same layout. The only change that might 
the chapter on frequency measurement to the be required would be in the inductances of the 
buffer plate coil, and adjusting C7 for minimum grid and plate coils, L2 and Lg; these may have 
reading. With this method, care must be used to be made slightly smaller or larger in diam-
to avoid coupling between the waveineter and eter to compensate for the differences in input 
the oscillator ; link coupling between Lg and and output capacitances in the various types. 
the wavemeter, with the latter far enough The physical arrangement of the components 
away so that it does not give a reading from is similar to that used for the 815 amplifier 
the oscillator alone, should be used. Another incorporated in the three-stage transmitter 
method of checking neutralization is to adjust described in a preceding section. 
the turn spacing of the amplifier grid coil, L4, The amplifier of Fig. 1633 . is built on an 
to resonance and measure the 815 grid current aluminum chassis formed by bending the long 
(with no plate or screen voltage on the tube) edges of a 5 X 10-inch piece of aluminum to 
and adjust C7 for zero grid current, form vertical lips 34 inch high, so that the 

After the buffer is neutralized, plate voltage top-of-chassis dimensions are 3 by 10 inches. 
may be applied and Cg adjusted to-resonance, The tube socket is mounted on a vertical 
as indicated by minimum plate current. If the aluminum partition measuring 3 inches high 
coupling to the final amplifier is quite loose, by 3V1 inches wide on the flat face, with the 
the minimum plate current should be approxi- sides bent as shown in the photographs to 
mately 17 ma. The amplifier grid coil may next provide bracing. The partition is mounted to 
be resonated (by adjusting the spacing between the chassis by right-angle brackets fastened to 
turns) and the coupling increased until the the sides. The socket is mounted with the 
maximum grid current is secured. The grid cur- cathode connection at the top, the cathode 
rent should be 4 milliamperes or more and the prong being directly grounded to the nearest 
buffer plate current should rise to about 28 ma. mounting screw- for the socket. The heater 

Neutralization of the 815 is the next step. If by-pass condenser, C4, is mounted directly 
the grid current changes when the plate con- over the center of the tube socket, extending 
denser, C12, is tuned through resonance, the between the paralleled heater prongs at the 
neutralizing wires should be moved closer to or bottom and the cathode prong at the top. The 
farther away from the tube plates until tuning screen by-pass is connected with as short leads 
Cu has no effect on the grid current. When this as possible between the screen prong and the 
condition is reached the amplifier is neutral- nearest socket mounting screw. 
ized. Plate and screen voltage may then be The grid coil, L2, is supported by the grid 
applied. With no load on the amplifier the plate prongs on the socket. The two turns of the coil 
current should dip to approximately 
65 ma. at resonance. Loading the c2 
amplifier to a plate current of 150 ma. 
should not cause the grid current to 
drop below about 3.5 ma. A 40-watt 
lamp used as a dummy load should 
light to practically normal brightness 
at this input, using a plate-supply RFC 
voltage of 400. 

For greatest stability, the coupling 
between the oscillator and buffer 
should be as loose as possible. It is - -- 
better to obtain the rated 815 grid +W. 
current of 3 milliamperes by using Fig. 1631 — Circuit of the 829 amplifier for 144 Mc, 
tight coupling between the buffer and CI — 3-30.pg(d. ceramic trimmer. 
amplifier and loose coupling between C2. C3 Neutralizing contiens.ers; sec text. 

the oscillator and buffer than vice C4 500-nnfd. mica, 1010 volts. Cs — 500-nnfd. mica, 2500 volts. 
versa. With normal operation the os- Ca — 470-pad. mica. 
cillator plate current should be ap- C7 Split stator, 15 epfd. per section (Cardwell ER-15-AD). 
proximately 25 ma. and the buffer 'I!' — 4700 ohms, 1 watt. 

n2 — 10,000 ohms, 10 watts. 
plate current 28 ma., at 300 volts. 1,1 — 2 turns No. 12, diameter ;.¡ inch. 
A modulator for the transmitter L2 — 2 turns No. 12, diameter inch, length 1 inch. 

should have an audio output of 35 L3 — 2 turns No. 12, diameter iq inches, length 1 inch. 

watts, using a coupling transformer 1.4 — 2 turns No. 12, diameter 1 inch RFCt — 1-inch winding of No. 24 d.a.c. or s.c.c. on X.inch dia. 
designed to work into a 2500-ohm load, meter polystyrene rod. 

+H.V 63V.AC. 
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are spaced about one-half inch to allow room 
for the input coupling coil, LI, to be inserted 
between them. The coupling is adjusted by 
bending L1 into or out of L2. The grid tuning 
condenser, C1, is mounted between the socket 
prongs; although the condenser has mica in-
sulation it is used essentially as an air-dielectric 
condenser since the movable plate does not 
actually contact the mica at any setting inside 
the band. The coupling link is soldered to lugs 
under binding posts on a National FWG strip, 
the strip being mounted on metal pillars 1% 
inches high to bring the link to the same height 
as the grid coil. 

Although the shielding between the input 
and output circuits of the tube is sufficiently 
good so that the circuit will not self-oscillate, 
tuning of the plate circuit will react on the 
grid circuit to some extent because the grid-
plate capacity, although small, is not zero. To 
eliminate this reaction it is necessary to neu-
tralize the tube. The neutralizing " condens-
ers" are lengths of No. 12 wire soldered to the 
grid prongs on the socket. The wires are crossed 
over the socket and then go through small 
ceramic feed-throughs at the top of the vertical 
shield, projecting over the tube plates on the 
other side as shown in Fig. 1633. 

Connections between the plate tank con-
denser, C7, and the tube plate terminals are 
made by means of small Fahnestock clips 
soldered to short lengths of flexible wire. The 
tank coil, L3, is mounted on the saine condenser 
terminals to which the plate clips make con-
nection. The output link, L4, is mounted 
similarly to the grid link except that the posts 
are 1% inches high. The plate choke, RFC1, is 
mounted vertically on the chassis midway 
between the plate prongs of the tube, the 
mounting means being a short machine screw 
threaded into the end of the polystyrene rod. 
The " cold" lead of the choke is by-passed by 
C3 underneath the chassis. 

Fig. 1632 — A 144. 
Mo. amplifier using a 
double beam tetrode. 
This type of construc-
tion is suitable for the 
815 and 832 as well as 
the 829 shown. The 
vertical partition pro-
vides support for the 
tube as well as shield-
ing between the input 
and output circuits. 
Note the neutralizing 
"condensers" formed 
by the wires near the 
tube plates. 

Supply connections are made through a 5-post 
strip on the rear edge of the chassis. The dotted 
lines between connections in Fig. 1631 indicate 
that these connections are normally short-cir-
cuited; leads are brought out so that the grid and 
screen currents can be measured separately. 

In adjusting the amplifier, the plate and 
screen voltages should be left off and the d.c. 
grid circuit closed through a milliammeter of 
0-25 or 0-50 range. The driver should be 
coupled to the amplifier input circuit through 
a link (Amphenol Twin-Lead is suitable, be-
cause of its constant impedance and low r.f. 
losses). Use loose coupling between L1 and L2 
at first, and adjust C1 to make the grid circuit 
resonate at the driver frequency, as indicated 
by maximum grid current. The coupling be-
tween L1 and L2 may then be increased to make 
the grid current slightly higher than the rated 
load value for the tube used — approximately 
12 ma. for the 829. If the driver is an oscillator, 
the coupling between L1-L2 should be as loose 
as possible with proper grid current. 

Neutralization can be checked by rotating 
C7 through resonance. A flicker in grid current 
as C7 is rotated indicates that the neutralizing 
capacity is not correct. The neutralizing wires 
should be bent in relation to the tube plates 
until the grid current remains constant when 
C7 is tuned through resonance. Care should be 
used to keep the wires symmetrical with re-
spect to the two sections of the tube. 

After neutralization, plate and screen volt-
age may be applied. If possible, the plate 
voltage should be low at first trial so there will 
be no danger of overloading the tube. Adjust 
C7 to resonance, as indicated by minimum 
plate current (this should be measured inde-
pendently of the screen); with the 829, the 
minimum plate current should be in the neigh-
borhood of 80 milliamperes with 400 volts on 
the plate and no load on the circuit. A dummy 
load such as a 60-watt lamp should light to 
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something near full brilliance when the cou-
pling between L3 and L4 is adjusted to make the 
tube draw a plate current of 200 ma. When the 
loading is set, the grid current should be 
checked to make sure it is up to the rating for 
the tube. If it has decreased, the coupling 
between L1 and L2 should be increased to bring 
it back to normal. 

Power-supply and modulator requirements 
will depend upon the particular tube used. For 
the 829, the plate supply should have an output 
voltage of 400 to 500 with a current capacity of 
250 milliamperes. With a 400-volt supply the 
modulator power required is 50 watts, with an 
output transformer designed to work into a 
1600-ohm load; with a 500-volt supply slightly 
over 60 watts of audio power is needed, the 
load being 2000 ohms. 

e Transceivers 

The transceiver is a combination trans-
mitter-receiver in which, by suitable switching 
of d.c. and audio circuits, the same tube and 
r.f. circuit functions either as a modulated 
transmitting oscillator or as a superregenera-
tive detector. This makes for extreme compact-
ness and light weight, making the transceiver 
popular for hand-carried portable equipment. 
It is a compromise with respect to other 
features, however. The transceiver can be a 
source of serious interference, and its efficiency 
is not equal to that of other types of gear 
wherein separate tubes and circuits are used 
for transmission and reception. 

As a matter of good amateur practice the 
use of transceivers should be confined to very 
low-power operation — as in " walkie-talkie" 
or " handie-talkie" equipment — in the 144-
Mc. band, and to experimental low-power 
operation in the higher-frequency. bands. The 
use of transceiver-type equipment should be 
avoided entirely for regular operation on the 
144-Me. band. 

Fig. 1633 Another 
vlow of the 1144-Mr. 
atnplifier. The neutra-
lizino wires are cromeeti 
over the socket before 
going through the 
feed- through in-
sulators. The input 
circuit is designed for 
link coupling to the 
driver stage. 

• 

C. A Complete 144-Mc. Portable-Mobile 

Station 

The transmitter shown in Figs. 1633 to 1637, 
inclusive, is designed to be used for portable or 
mobile operation in conjunction with a vibrator 
power supply giving 100 ma. at 300 volts. 
Separate tubes are used for the r.f. sections of 
the receiver-transmitter combination. The 
oscillator is operated at 15 watts input and 
delivers approximately four watts of power 
output. 

As shown in Fig. 1637, the oscillator uses an 
HY-75 tube in the ultraudion circuit, using 
high C to improve the carrier stability and re-
duce frequency modulation. Coupling between 
the oscillator and the antenna is by means of a 
variable link and a short length of coaxial cable 
connected between the link and the antenna 
switch, SID. In general, the oscillator circuit. is 
similar to the one shown in Fig. 1625, and ad-
ditional information on adjustment will be 
found in the description of that oscillator. 
A 6C4 triode tube is used in the superregen-

erative detector. Fairly high C is used in this 
circuit because the 6C4 superregenerates more 
smoothly with this arrangement. • A variable 
link, mounted on a polystyrene pillar, is con-
nected to the antenna switch by means of 
coaxial cable. The circuit goes into superregen-
eration with 50 to 60 volts on the plate ele-
ment, and the resulting low power input causes 
relatively low receiver radiation. 

For transmission, the audio section of the 
unit employs a single-button carbon micro-
phone working into a 6C5 Class A driver stage, 
transformer-coupled to a 6Y7G Class B modu-
lator. With a 6-volt battery, the microphone 
output is more than adequate for full power 
output from the speech system. The Class B 
modulator gives higher power efficiency and 
lower average plate current than a Class A 
modulator and, as a result, the proportion of 
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he limited power-supply output current ‘vhich 
must be reserved for t he audio section is rela-
tively low. The 6Y7G requires a plate-to-plate 
load resistance of about 14,000 ohms. The os-
cillator, operating with 300 volts at normal 
current, represents a load impedance of 6000 
ohms, so that the primary-to-secondary impe-
dance ratio require ,1 in the coupling trans-
former is 2.3 to 1. Wit h the transformer speci-
fied a close approximation to this ratio is 
secured when the taps specified for matching 
10,000 ohms to 4500 ohms are used. The 617G 
output is transferred from the headphone-
'speaker circuit to the oscillator plate circuit by 
means of one section of the send-receive switch. 
The microphone winding of the transceiver 

transformer. 7'1, is opened when the unit is 
changed over to the receiving position and a 
second winding is cut in to complete the circuit 
between the detector and the 6C5 driver stage. 
With switch Sic in the receive position the 
audio output is fed into the 'speaker. Head-
phones, plugged into the ' phone jack, J, will 
disconnect the 'speaker. Re is the regeneration 
control. The small padding condenser, Cg, in-
creases the C in the circuit and serves for band-
setting. The loading resistor, Rg, may or may 
not be required. It is used to prevent the howl-
ing which frequently is encountered at certain 
settings of the regeneration control. If neces-
sary, the value of this resistor may be decreased 
to 22,000 ohms. 
The transmitter is enclosed in a 6 X 7 X 

10-inch metal cabinet,. Most of the parts are 
mounted on a chassis measuring 1! ; X 5! X 
9Y2 inches. Unfortunately, a 9-inch-long " U"-
shaped chassis was not available and, as a re-
sult, the rolled-over edges at the front of the 
cabinet must be cut away to allow clearance 
for the chassis. The panel and chassis are 
fastened together by, the mounting sleeves for 
the regeneration and gain controls and the 
jacks, as shown in Fig. 1636; the microphone 
jack, J1, is the one at the right. The regenera-
tion control is to the left of Ji and the gain 
control is next in line. The three metering 

Fig. 1634 — A front view of the complete 
141- Mr. portable-mobile station. 

jacks, J2, J3 and .14 are at the left of 
tite panel whit. t ht: 'phone jack, .1 r„ is 
next to the gain ia intro!. From left to 
right along the center of the panel are 
the 'speaker, the oscillator frequency-
con trot dial and the detector tuning 

I. Both dials are equipped with 
lurks to prevent frequency shift dur-
i!lo; ilkublle operation. The send-receive 
ail eh knob is centered below the two 
tuning controls. A coaxial antenna 
fitting is located at the top of the 
panel and to the left side of the dial 
light. 

Fig 16:35 shows the chassis arrangement of 
the Il 110 components of the unit. The 6C5, 

at d T3 appear from left to right, along the 
rear edge of the chassis. The 6Y7G is directly 
in back of T2 and the ' speaker transformer, 
is mounted on t he lugs provided in the 'speaker 
design. Power leads are brought to the four-
prong plug mounted on the retir wall of the 
chassis. 
The r.f. sect ion is kept as compact as possi-

ble so short leads can be maintained. The tun-
ing condensers, C1 and C2, are mounted on a 
chassis formed from 3/32-inch aluminum stock. 
This chassis is 4 inches wide, has a 34-inch 
mounting surface at the bottom, and is 3 
inches high. A section of the stock, measuring 
1F2 inches wide by 2 inches deep, is bent over 
at the top to form a mounting plate for the 
6C4. 
A small terminal block, made from sheet 

polystyrene, is mounted on spacers between 
the two .variable condensers; the coaxial feed-
line for the oscillator is moored at this point 
along with the hot end of the antenna link, 1.2. 
The oscillator-plate r.f. choke, RFC', is 
mounted at the upper right-hand corner of the 
chassis and the tank coil, L1, has its ends 
drilled to fit the condenser terminals on which 
it mounts. The grid r.f. choke, by-pass con-
denser, and grid leak are all mounted on the 
3-.-inch diameter rod shown at the left of the 
HY-75. The rod is drilled and tapped so that it 
can be mounted by means of the tube-socket 
mounting screw. The 11Y-75 socket is mounted 
below the chassis by means of g-inch metal 
spacers. 
The detector coil is mounted on the upper 

and lower stator-plate terminals at the left of 
the condenser. C3 is connected across the same 
two points. The feed-back condenser, C7, and 
the grid-leak resistor, 112, are tied in parallel 
and mounted between the lower stator plate 
terminal of C2 and the tube socket. The r.f. 
choke is at the rear-right corner of the shelf. 
Cg, the quench by-pass, is located between the 
r.f. choke and ground. The antenna coupling 



Fig. 1635 — Rear view 
of the 144-Mc. trans-
mitter-recei ver. 

Coil, L4, is supported 
by a polystyrene 
rod which has been 
drilled and tapped 
for chassis mount-
ing. The detector 
end of the coaxial 
cable is soldered to 
the open ends of the 
link at the points 
where they protrude 
through the rod. 
A bottom view of 

the chassis is shown 
in Fig. 1636. Ti, the 
micfophone trans-
former, is mounted 
on the rear wall at 
the right end of the 
chassis. The 6C5 
plate decoupling 
condenser, Cio, rests against the base to the 
front of Ti. C9 and R5, the 6C5 cathode con-
denser and resistor, are to the left of the tube 
socket at the rear of the chassis and the block-
ing condenser, C11, is in front of the HY-75 
socket. One of the spare pins of the HY-75 
socket is used as a tie-point for the connection 
between C11 and switch, Sic. The filament tun-
ing condenser, C4, is connected between Pin 2 
of the oscillator socket and a soldering lug 
which is held in place,by one of the tube-sock-
et mounting nuts. 

For mobile work only, the microphone volt-
age may be secured by connecting the hot end 
of the microphone transformer winding to any 
one of the 6-volt points inside the chassis. 
However, if operation with an a.c. supply is 
contemplated, it is necessary to bring 
out the transformer lead so that a mi-
crophone battery may be connected 
externally. This connection can he 
made by connecting the transformer 
lead through the input plug. 

Plate current can be measured by 
using a 0-100 milliammeter fitted 
with a plug for the plate jacks, .1.2, 
and J4. The oscillator plate-current 
reading should be approximately 40 
ma. with no antenna load connected 

Fig. 1636 — A bottom view of the complete 
144-Me. portable-mobile unit. 

369 

and with 300 volts on the plate. The antenna 
coupling and tuning should be adjusted to ob-
tain a full-load current of approximately 50 
ma., using the loosest antenna coupling which 
will give the desired plate current. 
The modulator plate-current reading should 

be about 25 ma. without speech and should rise 
to about 100 ma. on modulation peaks. Under 
full modulation the plate current of the oscilla-
tor will kick downward slightly, because of the 
lowered oscillator plate voltage caused by the 
power-supply regulation, as the modulator 
current increases. 
The preliminary testing might well be 

carried on with a dummy load coupled to the 
oscillator. This procedure is recommended un-
less the transmitter frequency has been set 
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Fig. 1637 — Circuit diagram of the 144-Mc, portable. 
mobile station. 
— Split.stator -butterfly" condenser, 14 ggfd. total 

(Cardwell ER-14-13F/SL). 
C2 — Split-stator condenser, 6 gpfd. total (Cardwell 

ER.6-11F/S). 
C3, C1 — Ceramic trimmer. 
CS — 100•jutfd. midget mica. 
CS, Ct — midget mica. 
CS — 0.0017-µfd. mica. 
CS — 8-grii. 25- volt electrolytic. 
Cto — 8.6l. 450-volt eleetrok tic. 
Cu —  O. 1.mfa. 600-volt paper. 
Bi — 4700 ohms, 1 is 
R2 3.3 megohms, ;2 watt. 
113 — 47,000 ohms, 1 watt. 
114— 0.r,megolim volume control. 
— eon nbms, 1 watt. 

Be — O. -megohm potentiometer. 
— 0.1 mcgohm, 1 watt. 

Li — 2 turns of X-inch copper tubing; inside diameter 
•;'.;; inch; turns spaced approximately 3i6 inch 
between centers; plate tap at ( iii) ' r. 

L2— 1 turn No. 12 bare wire; insi ,le liane ter inch. 
L3 3 turns No. 12 bare wire; inside diameter 34y inch, 

inside the 144-Me. band before the actual 
installat ion in the automobile is started. In any 
event, always cheek the frequency carefully 
each tinte before starting regular operation 
because the antenna loading %al affect the 
frequency. Also, because the oscillator has a 
high-C tuned circuit., a small variation in the 
setting of CI will cause a considerable jump in 
frequency. It is wise to check the frequency 
whenever an adjustment of any kind is made. 
Frequency checking can be done with an 
absorpt ion-type frequency meter, with Lecher 
wires, or by listening on a calibrated receiver. 

Testing the detector for superregeneration is 
a simple matter inasmuch as the superregener-
ative hiss becomes plainly audible when the 
circuit goes into operation. It is possible that a 
component layout slightly different than that 
of the original model will necessitate some 
experimentation with the values of R2, C7 and 
eg. Values which provide the smoothest re-
generation and the greatest sensitivity should 
be selected. The padding condenser, ea, 
should be adjusted so as to allow the tuned 
circuit, C2L3, to cover the 144-Mc. band. An 
accurate check on the frequency coverage can 
be made by employing any one of the instru-
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length 7g* inch; plate tap at center. 
1.4 — 2 turns No. 18 enameled ss ire; inside diameter 14 

inch; turns spaced di: 'ter of is ire. 
Ls, 14— 3 turns No. 18 d.e.c.; inside diameter 3 inch. 

Ls intcrwound with Lo, no spacing between 
turns. 

Ii — 6-volt dial light. 
Ji — Midget open-eircuit jack. 
J2, .13, J4, is — Midget closed-circuit jack. 
it — Coaxial-cable connector. 
P — 4-prong male plug. 
RFC1, Rlit:2, — I-inch winding of No. 24 d.s.c. 

or s.e.c. on -inch rod; rods drilled and tapped 
for mounting. 

Spkr 3-inelt permanent-magnet dynamic 'speaker. 
SIA-B-C-D — 1-pole double- throw switch. 
— Transceiver transformer (1.-1.0 R-53). 

Interstagc audio, single plate to push-pull grids 
(Iliorilarson T-191)06). 

Ta Output transformer, 10,000-ohm primary to 
4500.olim secondary (Thordarson T-17 N139). 

T4 OUtpU t transformer, 4500-ohm primary to voice 
coil (urc 11-59). 

ments or methods suggested for calibration of 
the transmitter frequency. 
A 300-volt 100-ma, vibrator-type power 

supply is recommended for mobile operation. 
The self-rectifying type is the least expensive 
and places the smallest load on the car battery. 
however, any supply that will deliver the 
necessary voltage and current will be 'quite 
satisfactory. An a.c. supply for testing pur-
poses may also be provided; it should have the 
same output capabilities as the vibrator sup-
ply, and should include a filament transformer 
designed to deliver 6.3 volts at 3 to 3.5 amperes. 
Under normal conditions the plate voltage 

applied to the transmitter and audio tubes will 
be the full power-supply output voltage minus 
the small IR drop caused by the audio-
transformer windings. Tile 6C5 draws approxi-
mately 10 ma. and has a cathode bias of 8 to 9 
volts. The 6C4, when superregenerating with 
50 to 60 volts applied to the plate, will draw 
less than 1 ma. of plate current. 
The antenna can be either a quarter-wave 

(19-inch) or a half-wave ( 39-inch) rod. Coaxial 
feed can be used with the short antenna and a 
two-wire tuned transmission line should be 
used with the half-wave radiator. 
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C. A Simple 235-Mc. Transceiver 
The transceiver shown in Figs. 1639, 1640 

and 1641 can be used either as a piece of fixed-
station equipment or for portable-mobile work. 
The circuit diagram of the transceiver is shown 
in Fig. 1638. The detector-oscillator section of 
the unit employs a 6C4 triode in a high-C cir-
cuit similar to the one shown 
in Fig. 1622. 
The audio section of the 

transceiver consists of a 6J3 
driving a WO. With the send-
receive switch in the " send" 
position the microphone cir-
cuit is closed while the 
audio input winding of 
7'1 and the 'speaker 
winding of T2 are dis-
connected. The prima-
ry winding of 7'2 be-
comes the modulation 
choke during transmis-
sion. Voltage for the 
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Fig. /638 — Circuit diagram of the 235-Mc. tr 
Cs — Tuning condenser; see text (Cardwell Type ER-

14-BF/SL). 
• 47-ppfd. midget mica. 
C3 — 3-30-551d. ceramic trimmer. 
C4, CO — 470-ppfd. midget mica. 
CO, Cr 0.1-pfd. paper, 400 volts. 
Cs — 25 to 50 pfd., electrolytic, 50 volte. 
RI — 22,000 ohms, !2 watt. 
112 — 4.7 megohms, ! 2 watt. 
R 3 - 0.1-megolun volume control. 
R4 1000 ohms, !,2 watt. 
Rs — 0.1 megohm, 1 watt. 
RO 0.1 megolun, watt. 
117 — 470 ohms, 1 watt. 

single-button carbon microphone is developed 
across 1?8, the 220-ohm resistor in the 6V6 
cathode circuit. 
The transceiver is housed in a utility cabinet 

of 5 X 6 X 9 inches. The front cover of the 
box is used as the panel. Fig. 1639, a front 
view of the unit, shows the location of the 
variable controls, antenna terminals, 
pilot light, microphone jack and 
'speaker. All uf tlit.du compoin 
with exception given to the tuning 
condenser and dial, are mounted on 
the panel. 
As shown in tho rear view, Fig. 1641, 

the r.f. assembly is mounted on a small 
"L"-shaped chassis at the left end of 
the panel. This chassis, formed from 
1/16-inch aluminum, has a width of 2 

Fig. 1639— A simple 235-Mc. transceiver. 
The 'speaker, tuning dial and antenna termi-
nals are shown at the top of the panel. The 
pilot light, microphone jack, audio gain 
control, send-receive switch and regeneration 
controls run front left to right across the 
bottom of the panel. The swinging-link con-
trol is above the regeneration potentiometer. 
Ventilation holes are drilled in the rear panel. 

2 
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Rs — 220 ohms 1 watt. 
Its — 50,000-ohm volume control. 
1.1 — 1 turn of -inch copper tubing, approximately 

horseshoe shape; over-all length from mounting 
holes, Iqtt inch; outside diameter at open end, 
,fis inch; place tap at center. 

— 2 turns No. 14 or 16; diameter .lo inch. 
Ii — 6-8-volt pilot light. 
— Open-circuit jack. 

RFC', RFC, — 1-inch winding of No. 24 d.s.c. or s.e.c. 
on k't -inch diameter polystyrene rod. 

St A-14 C.D — 4-pole 2-position sw 
Spkr. — 3-inch permanent-magnet dynamic speaker. 
Tm — Transeei ver transformer. 
T2 — Output transformer, pentode to voice coil. 

inches and is 214. inches high by 2 inches deep. 
The layout of this chassis is identical to the 
arrangement shown in Fig. 1620. C1 is modified 
somewhat. One set of stator plates and one cir-
cular rotor plate are removed to make the total 
capacitance appropriate for 235 Mc. 
The swinging antenna link shown at the 
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Fig. 1(,41) — A bolt vim, of the simple transceiver. 

left of the r.f. section proved to be more of a 
refinement than a necessity, and may be re-
placed by a tightly-coupled fixed link. Grid 
leaks for the 6C4 are mounted directly on the 
send-receive switch contacts and all input and 
output leads for the circuit are cabled and fed 
to the switch and the audio sections. 
The audio section, shown at the right in 

Fig. 1641, is mounted on an aluminum chassis 
cut from 14-itich stock five inches wide. It 
has a lip at the front for securing to the 
panel and a 2-inch vertical member at the rear. 

cut-out in the chassis provides clearance 
space for the 'speaker. The 6.15 audio-input 
tube is at the left of the audio section and the 
OVO output tube is on line with and to the 
right of the 6J5. 

Looking at the bot torn of the ehassis, Fig. 
1640, the output-tube socket is at the left with 
the 6J5 socket mounted at the rear center. The 
transceiver transformer, Th is at the right and 
the output transformer, Tg, can be seen pro-
truding through the chassis at the back and 
center. The coupling condenser, C7, 
rests on the base between the tube 
sockets and the 6V6 cathode by-pass 
condenser, Cg, lies against and paral-
lel to the rear wall uf the chassis. 
Spare tube-socket pins are usel I to 
secure resistor tic- points wherever 
convenient. Heater, ground and 
plate-voltage lea o Is are terminated 
at a lug strip mounted at the right 
end of the chassis ‘vall. An ordinary 
battery cable completes the circuits 
frein these points to the external 
power supply. 

It is possible that in a particular 
layout some experimentation with 
r.f. component values will be neces-
sary. Effective superregeneration de-
pends considerably on the grid 
choke, and the number of turns used 
should he adjusted so that the cold 

end can be touched with the finger 
without disturbing the operation of 
the oscillator. A grid-leak valite allow-
ing the smoothest operation should 
be selected arid plate by-pass eon-
denser values between 0.0022 and 
0.0047 mfd. shuuld be tried. 
The induct ailcv of the t une(l-eirettit 

coil, LI, should be adjusted to bring 
the hand on the dial by inereasing or 
,lecreasing the length of the closed and 
open ends. The frequency may be 
clieeked as deseribed in Chapter Nine-
teen. Coupling is adjusted by bend-
ing the leads of the antenna coil, Lg, 
to bring the coil nearer to or farther 
from /.. 1. The coupling should be ad-
justed so that wit h the switch in the 
"receive" position the oscillator goes 
into superregeneration smoothly; if 
the coupling is too tight it may not be 
possible to obtain superregeneration 

at all. The feed-back condenser, C3, will have 
some slight effect on the frequency and this 
condenser should be adjusted for maximum os-
cillator output before the final frequency check 
is made. A 60-nia, dial light should be used to 
provide a means of judging r.f. output. A 
table listing approximate voltages at suggested 
test points is given below: 

Tran,nriit 
Input Torminol  335 volts 350 volts 
Ose. plate  300 " 150 " 
6J5 plate  75 " 80 
6J5 cathode  2.2 " 2.3" 
6V6 plate  300 " 325 " 
6V0 screen  335 " 350 " 
6V6 ca t lc  O " O " 
Microphone virruit open   21 " 22 " 
:\lierophone eitenit -hoed  18.5 " 
Microphone %.•Itate,   1.9 

Filament: 6.3 volts at 0.9 amp. 

Maximum total current drain is 55 ma. in 
" transmit " position and 45 ma. in " receive" 
position. 

Fig. 1641 — An inside view of the 235-Mc. transceiver. 
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41. A Disk-Seal Tube Oscillator 

for 144, 235 and 420 Mc. 

At frequencies above 300 Mc. or so tubes of 
conventional construction will not operate, for 
the reasons outlined at the beginning of this 
chapter. The disk-seal or " lighthouse" tubes 
will function nicely, however, in ordinary 

and a '4-inch hole drilled in the side. Holes 
are drilled at right angles to the large holes 
and tapped for 6-32 setscrews. The 4-inch 
hole fits over the plate cap of the tube, and 
the '4-inch hole slides over the end of the 
plate rod. The grid half of the parallel line is 
approximately one inch shorter than the plate 
rod, to provide room for the grid condenser, C2. 

Fig. ¡643— A three-band oscillator ( 141, 235 and 420 \lc.) using the 2C41. The shorting har un 
the parallel lines is moved to the proper point and locked, and tuning over the band is accom-
plished by the homemade variable condenser mounted at the ends of the lines near the tube. 

linear circuits at frequencies up to several 
hundred megacycles. No special types of cir-
cuit construction (such as cavity resonators) 
are required, therefore, when disk-seal tubes 
are used in the 420-Mc. band. 

Details of construction of a transmitter 
using the 2(244, for operation in the 144-, 
235-, and 420- Mc, bands, are given in Figs. 
1642-1645, inclusive. Using parallel lines, it 
is only necessary to change the position of the 
shorting bar to obtain output on any of the 
three bands. The shorting bar is moved to a 
previously-calibrated point on the lines and 
locked, and then any frequency within the 
amateur band is obtained by proper setting of 
a tuning condenser connected across the lines 
at the point where they connect to the tube. 
The antenna coupling loop is connected to the 
shorting bar so that the two are moved 
simultaneously. 
. The circuit is shown in Fig. 16-12. It will be 
recognized as the conventional circuit used in 
most 144-Me. gear. The only critical compo-
nent in . the unit is RFC2, the grid choke. 
There is an optimum value of choke for any 
one frequency, with which maximum output 
will be obtained at that frequency, but the 
value shown is a good compromise for the 
three-band range of this transmitter. 
The cathode is above ground by 
RFC, and RFC4, but these inductors 
are not critical. 
The transmitter is built on a 6 X 

28 X 1-inch board. The " cold" ends 
of the 14-inch rods used in the line 
are supported by two panel bushings 
mounted in an aluniinum bracket which is 
fastened to the baseboard. These two panel 
bushings are of the locking type and make it a 
simple matter to position the rods properly. 
The plate rod is terminated at the plate and in 
a hole in the plate cap. The plate cap consists 
of a 3/,-inch length of 34-inch diameter brass 
rod with a '/8-inch hole drilled in the renter 

:RFC, 

The grid end of the line is supported by a small 
polystyrene post, and the grid socket is made 
by forming a narrow band of copper around 
the grid disk of the lighthouse tube and tight-
ening it with a 2-56 machine screw and nut. 
The shorting bar for the parallel lines is made 

of two locking-type panel bushings set in a 
copper strap. These bushings are tightened 
just enough to insure good contact and still 
allow the bar to slide without too much effort. 
It is imperative, therefore, that the two rods 
be smooth and straight, although they can be 
either brass rod or brass tubing. The coaxial-
cable connector for the antenna feed line and 
the antenna loop are mounted to a piece of 
51s-inch bakelite bolted to the shorting bar. 
The antenna loop rides under the lines so that 
it will not hit the tuning condenser when the 
shorting bar is near the condenser. The size of 
the loop may vary with different antennas, but 
it should be about 2 inches long and spaced 
the sanie as the lines. The coupling can be in-
creased by bending the loop closer to the lines. 
The tuning condenser is of the split-stator 

type with the rotor floating. The stator plates 
consist of two strips of copper, % f3 inch wide 
by 1 inch long, formed in two arcs and soldered 
to the tuning rods (see Fig. 1645). The rotor 

2C44 

C3 

650. 

6.3V 

 0.400V. 

Fig. 1642 — Circuit diagram of the three-band oscillator. 

Ci — See text and Fig. 1645. 
C2 — 10-55fill. ceramic. 
Ca, C4, C5 — 100-4444fd. mica. 
R1 — 3300 ohms, 1-watt composition. 
RFC1 — 13 turns No. 18 enam., diam., close. 

wound. 
RFC2 — 25 turns No. 18 enam., 4-inch diem., spaced 

wire diarn. 
RFC3, RFC, — R.f. choke (Ohmite Z-1), 
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Fig. I t, ¡-I .1.•1:,:•- up ‘iew of the t llll ing condenser of the three-band 
oscillator also silo's, the details of the socket mounting and tithe 
connections (WI I IBM). 

uses a piece of 34-inch diameter polystyrene 
rod through which is drilled a I j-inch diameter 
hole for a bakelite or polystyrene shaft. If 
desired, the solid polystyrene can be replared 
by a 3.¡-inch diameter coil form by cement ittg 
disk of polystyrene to the open end of the coil 
form. 
The rotor plate, a " U"-shaped strip of copper 

one inch square, is formed and t hen cemented 
to the polystyrene form.' I -shaped itiece is 
necessary because it was found that at 450 Me. 
a cylindrical noor acted as a capacitor itlate 
as it was first brought near the stator plates, 
but as rotathm continued the rotor began to 
act as a shorted t urn in the field of the lines, 
thus counteracting t he effect of the additional 
capacity and limiting the tinting range to only 
a small frequency variation. Two metal 
brackets with panel bushings are used to sup-
port the rotor shaft. It is a good idea to mount 
the panel bushings in slots rather than the 
usual clearance holes, so t hat the shaft ran he 
moved toward the stator plates until the de-
sired capacity range is obtained. 
The tube socket is mounted on an aluminum 

bracket which is screwed to the baseboard. No 
connection is made to the r.f. cathode Connec-
tion because the oscillator was found to work 
better over the entire range that way. 

Forced ventilation must be used on the tube 
if anything like the rated maximum input of 
20 watts is to be used. As much of the plate 
heat as possible must be conducted away by 
the plate rod, and for this reason the connec-
tion between plate and rod must be as good as 
possible from a heat as well as an electrical 
standpoint. The forced ventilation of the plate 
can best be obtained by the use of a small 
electric fan whose blast is directed at the plate 
connection whenever the plate power is ap-
plied. A small blower tube can be rigged up 
from stiff cardboard and attached to the 
fan. 

Oscillation can be determined 
by using a small neon bulb or a 
flashlight lamp and loop of wire 
held ch tse to the lines. Grid cur-
rent is also an excellent oscillation 
indieator. If no oscillation is ob-
tained, it probably means an 
ineorrect grid choke, and its con-
-1 ri let ion should be checked or 
Te,ditied slightly. To get the best 
cilittitity, partieularly on any 
one band, may require some slight 
revision in the inductance of the 
grid choke or in the value of the 
r.f. by-pass capaeitors, the effect 
of such changes being checked by 
iv: ti the output as indicated 
by :t lamp load and the input as 
in by a plate milliammeter. 
Tuning up should be done at re-

Shaft bearing 
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Sitaft bearing 

Fig. 1645 —  Constructional and assembly details of the 
t g capacitor for the 144/235/420-Mc. oscillator. 

(lured plate voltage, say around 250 or 300, 
at which value t lie loaded plate current should 
run around 15 to 20 ma., after which the maxi-
mum input of • It) nia. at 500 volts can be 
amilied if considered necessary. 
A good set of Leeher wires or an accurately-

calibrated absorpt Ot wave meter is essential for 
finding the different amateur bands. Alt hough 
a wire line is ptadeibly the most convenient for 
the 144- and 235- Mc. bands, a more rigid line 
for the 420-Mc. band can be made by using 
14-inch rod or tubing, supporting it in the 
same manner that the tuned circuit is sup-
ported for the oscillator. After the oscillator 
has been calibrated, a cardboard scale can be 
alud to the baseboard and t he posit ions 
marked for the three amateur bands. The ap-
proximate settings of the shorting bar follow: 

Distance from erne, f Male 
of 2C44 to Shorting Dar Frequency Range 

14 inches 133-132 Mr. 
81.1 " 213-245 " 
21i " 418-452 " 

Considerable care must be exercised in mov-
ing the shorting bar (and in removing the tube 
from its socket) because of the possibility of 
breaking the tube seals. 

• 
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ntenna3 

E, Design Factors 

While the basic principles of antenna opera-
tion are essentially the saine for all frequen-
cies, certain factors peculiar to v.h.f. work 
call for changes in antenna technique for the 
frequencies above 50 megacycles. Here the 
physical size of multielement arrays is reduced 
to the point where an antenna system having 
some gain over a simple dipole is possible in 
nearly every location, and experimentation 
with various types of arrays is an important 
part of the program of most progressive work-
ers. The importance of high-gain antennas in 
v.h.f. work cannot be overemphasized. A good 
antenna system is often the sole difference 
between routine operation and outstanding 
success in this field. By no other means can so 
large a return be obtained from a small in-
vestment as results from the erection of a good 
directional array. 

Beginning with the 50-Mc. band, the fre-
quency range over which antenna arrays 
should operate effectively is often wider in 
percentage than that required of lower-fre-
quency systems; thus greater attention must 
be paid to designing arrays for maxi mum fre-
quency response, possibly to the extent of 
sacrificing other factors such as high front-to-
back ratio. As the frequency of operation is 
increased, losses in the transmission line rise 
sharply; hence it becomes more important 
that the line be matched to the antenna sys-
tem correctly. Because any v.h.f. transmission 
line is long, in terms of wavelength, it is often 
more effective to use a high-gain array at 
relatively low height, rather than to employ 
a low-gain system at great height above 
ground, Particularly if the antenna location is 
not completely shielded by heavy foliage, 
buildings, or other obstructions in the im-
nzediate vicinity. This concept is in direct 
contrast to early notions of what was most 
desirable in a v.h.f. antenna system. An ap-
preciable clearance above surrounding terrain 
is desirable, but great height is by no means 
so all-important as it was once thought to be. 
Outstanding results have been obtained by 
many v.h.f. workers, especially on 50 and 
144 Mc., with antennas not more than 25 to 
40 feet above ground. 

E, Polarization 

Practically all the early work on frequencies 
above 30 Mc. was done with vertical antennas, 
probably because of the somewhat stronger 
field in the immediate vicinity of a vertical 

system. When v.h.f. work was confined to al-
most pure line-of-sight distances, the vertical 
dipole produced a stronger signal at the edge 
of the working range than did the same an-
tenna turned over to a horizontal position. 
With the advent of high-gain antennas and 
extended operating ranges, horizontal systems 
began to assume importance in v.h.f. work, 
especially in parts of the country where a con-
siderable degree of activity had not already 
been established with verticals. 
Numerous tests have shown that there is 

very little difference in the effective working 
range with either polarization, if the most 
effective element arrangements are used, and 
the saine polarization is employed at both 
ends of the path. Vertical polarization still has 
its adherents among 50-Mc. enthusiasts and 
much fine work has been done with vertical an-
tennas, but an effective horizontal array is 
somewhat easier to build and rotate. Simple 
2-, 3- or 4-element horizontal arrays have 
proven extremely effective in 50-Mc. work., 
and the postwar era has seen an increase in the 
use of such arrays which has amounted to 
standardization on horizontal polarization. 
The picture is somewhat different when one 

goes to 144 Mc. and higher. At these fre-
quencies, the most effective vertical systems 
(those having two or more half-wave elements, 
vertically stacked) are more easily erected 
than on 50 Mc. Important, in considering the 
polarization question, is the existence of 
countless 144-Mc, mobile stations, whose 
antenna systems must, of necessity, be verti-
cal. While horizontal polarization will un-
doubtedly find increased favor at 144 Mc. and 
higher, particularly for point-to-point work in 
rural areas, it is probable that vertical polar-
ization will continue to dominate this field for 
some years to come. Under certain conditions, 
notably a station directly in the shadow of a 
hill, there may be a considerable degree of 
polarization shift, but ordinarily it may be 
assumed that best results in 144-Me. work will 
be obtained by matching the polarization of 
the stations one desires to contact. 

Impedance Matching 

Because line losses tend to be much higher 
in v.h.f, antenna systems, it becomes increas-
ingly important that feed lines be made as 
nearly " flat" as possible. Transmission lines 
commonly used in v.h.f. work include the 
open-wire line of 500 to 600 ohms impedance, 
usually spaced about two inches; the polye-
thylene-insulated flexible lines, available in 
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300-, 150-. and 72-ohm impedances; and co-
axial lines of 50 to 90 ohms impedance. These 
may be matched to dipole or multielement an-
tennas by any of several arrangements de-
tailed below. 
The "J" — Used principally as a means of 

feeding a stationary vertical radiator, around 
which parasitic elements are rotated, the " J" 
consists of a half-wave vertical radiator fed by 
a quarter-wave matching section, as shown at 
A, Fig. 1701. The spacing between the two 

(B) 

Coaxial' 
tine 

Fig. 1701 — Two 
versions of the 
"J" antenna, often 
used in mobile in-
stallations, or in 
vertical arrays 
where parasitic el-
ements may rotate 
around a fixed ra-
diator. 

sides of the matching section should be two 
inches or less, and the point of attachment of 
the feed line will depend on the impedance of 
the line used. The feeder should be slid along 
the matching section until the point is found 
which gives the best operation. The bottom of 
the matching section may be grounded for 
lightning protection. A variation of the "J" 
for use with coaxial-line feed is shown at B in 
Fig. 1701. The "J" is also useful in mobile 
applications. 
The delta or "Y" match — Probably 

the simplest arrangement for feeding a dipole 
or parasitic array is the familiar delta, or " Y" 
match, in which the feeder system is fanned out 
and attached to the radiator at a point where 
thé impedance along the element is the same as 
that of the line used. Information on figuring 
the dimensions of the delta may be found in 
Chapter Ten. Chief weakness of the delta is the 
likelihood of radiation from the matching sec-
tion, which may interfere with the effective-
ness of a multielement array. It is also some-
what unstable mechanically, and quite critical 
in adjustment. 
The "Q" section — An effective arrange-

ment for matching an open-wire line to a 
dipole, or to the tlriven element in a 2- or 3-
element array having wide (0.25 wavelength 
or greater) spacing, is the "Q" section (Chap-
ter Ten). This consists of a quarter-wave line, 
usually of Y2-inch or larger tubing, the spacing 
of which is determined by the impedance at the 
center of the array. The parallel-pipe " Q" sec-
tion is not practical for matching multielement 

arrays to lines of lower impedances than about 
600 ohms, nor can it be used effectively with 
close-spaced parasitic arrays. The impedance 
of the " Q" section required in these cases is 
lower than can be obtained using parallel sec-
tions of tubing, but a concentric line may be 
used for this purpose. A quarter-wave section 
of flexible coaxial line of 72 ohms impedance 
is a convenient arrangement for matching a 
300 to 600-ohm line to the low center imped-
ance of a 3- or 4-element array. The length of 
such a line will be approximately 65 per cent 
of a quarter wavelength or 

L 1920 

where L is the length of the line required, in 
inches. This figure takes into account the prop-
agation factor of the solid-dielectric coaxial 
line. For the line made of parallel pipes, length 
in inches is determined by 

2880 
L 

The "T" match — The principal disad-
vantages of the delta system can be overcome 
through the use of the arrangement shown in 
Fig. 1712, commonly called the " T" match. 
It has the advantage of providing a means of 
adjustment (by sliding the clips along the 
parallel conductors), yet the radiation from 
the matching arrangement is lower than with 
the delta, and its rigid construction is more 
suitable for rotatable arrays. It may be used 
with coaxial lines of any impedance, or with 
the various other forms of transmission lines 
up to 300 ohms. The position of the clips 
should, of course, be adjusted for maximum 
loading and minimum standing-wave ratio. 
The " T" system is particularly well suited 
for use in all-metal " plumbing" arrays. 
The folded dipole— Probably the most 

effective means of matching a wide range 
of line impedances to almost any sort of para-
sitic array is the folded _dipole (Figs. 1702, 
1703, and 1704), described in Chapter Ten. A 
300-ohm line may be used to feed a 4-element 
array (Fig. 1703) by using S-inch rod or 
tubing for the fed section of 
the folded dipole and 1-inch 
tubing for the parallel sec-
tion. A 3-element array of 
the same general construc-
tion may be matched by 
using s-inch tubing for the 
parallel section of the dipole. 
The impedance at the 

center of the system may 
also be increased by using 
three or more elements in 
parallel, the center im-
pedance being increased ap-
proximately as the square 
of the number of elements 
used. This applies only if 

^ 
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Fig. 1702 — De. 
tails of the folded 
dipole. 
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Fig. 1703 — Dimensional drawing of a 4-element 50-Mc. 
array. Element length and spacing were derived ex-
perimentally for maximum forward gain at 50.5 Me. 

the elements are all the same conductor size. 

Arrays for 50 Mc. 

Since the same basic principles apply to all 
antennas regardless of frequency, little dis-
cussion is given here of the various simple 
dipoles which may be Melt when nondirectional 
systems are desired. Details of such antennas 
may be found in Chapter Ten, and the only 
modification necessary for adaptation to use on 
50 Mc. or higher is the reduction in length 
necessary for increased conductor diameter at 
these frequencies. 
A simple but effective array which requires 

no matching arrangement is shown in Fig. 
1705. Its design takes into account the drop 
in center impedance of a half-wave radiator 
when a parasitic element is placed a quarter 
wavelength away. A director element is shown, 
as the drop in impedance using a slightly-
shortened parasitic element is just about right 
to provide a good match to a 50-ohm coaxial 
line. The element lengths are not extremely 
critical in such a simple system, and the fig-
ures shown may be used with satisfactory re-
sults. 
The importance of broad frequency response 

in any antenna designed for v.h.f. work 
cannot be overlooked. The disadvantage of all 
parasitic systems is that they tend to tune 
quite sharply, and thus are often effective over 

Fig. 1704— The 4selemen t rota ry 
array for 50 Mc. installed atop a 
steel toner. The frame extending 
below the main framework serves 
as a rotating device. The array 
frame is mounted on a pipe flange, 
to si hiril is fitted a length of pipe 
is hint serves as a vertical support. 

only a small portion of a given band. One way 
in which the response of a system can be broad- • 
coed out is to increase the spacing between the 
parasitic elements to somewhat more than the 
0.1 or 0.15 wavelength normally considered to 
provide optimum forward gain and highest 
front-to-back ratio. Some broadening may 
also be obtained by making the directors 
slightly shorter and the reflector slightly 
longer than the Optimum value. The folded 
dipole is useful as the radiator in such an array, 
as its frequency response is somewhat broader 
than other types of driven elements 
A 4-element array for 50 Mc. having an 

effective operating range of about 2 Mc. is 
shown in Figs. 1703 and 1704. It employs a 

4"ec. 

QtztrA, 

Fig. 1705 — A simple 2selement array for 50 Me. No 
matching devices are needed with this arrangement. 

folded dipole having nonuniform condueter 
size. Reflector and first director are spaced 
0.2 wavelength from the driven element, while 
the forward director is spaced 0.25 wavelength. 
The spacing and element lengths given were 
derived experimentally, and are those which 
give optimum forward gain at the expense of 
some front-to-back ratio. As the latter quality 
is not of great value in 50-Mc, work, it can be 
neglected entirely in the tuning procedure for 
such an array. 
The dimensions given are for peak perform-

ance at 50.5 Mc. For other frequencies, the 
length of the folded dipole should be figured as 
recommended in Chapter Ten. The reflector will 
then be 5 per cent longer than the driven ele-
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ment, the first director 5 per cent shorter, and 
the second director 6 per cent shorter. A broad-
ening of the response may be obtained, at a 
slight sacrifice in forward gain, by adding to 
the reflector length and subtracting from the 
director lengths. For those interested in ex-
perimenting with element lengths, slotted 
extensions may be inserted in the ends of the 
various elements, other than the dipole, as 

shown in Fig. 1706. A 3-element array may be 
built, using the same general dimensions, ex-
cept that the driven element, in this case, 
should have a diameter element in 
place of the 1-inch tubing used in the 4-ele-
ment system. 

Fig. 1706 — Detail drawing of inserts which may be 
used in the ends of the elements of a parasitic array to 
permit accurate adjustment of clement length. 

Excellent results in work over distances up 
to 400 miles are being obtained by 50- Mc. 
workers using various more-complex direc-
tional arrays than the ones described above. 
The most important factor in such work is the 
attainment of the lowest possible radiation 
angle, and this purpose is well served by 
stacking of elements, in either vertical or hori-
zontal systems. The use of two parasitic ar-
rays, one a half wavelength above the other, 
fed in phase, provides a gain of 3 db. or more 
over that of a single array. The system shown 
in Fig. 1707 is excellent for either vertical or 
horizontal polarization, as is the " II" turn y, 
using four half-wave elements, with or without 
pa nisi tic elements. 

Fig. 1707— A dnuldc-"Q" array for 144 Mc. The hor-
izontal port ion of the half-wave " h1 " acts as a "Q" see-
lion, matching the antenna impedance to the 3 ./0-01itti 
line attached t the center of the array. This array works 
well in either vertical or horizontal positions. 

e Arrays for 144 Mc. 
Any of the above arrangements may, of 

course, be used for 144 as well as for 50 Mc., 
but, as two of them are designed for maximum 
effectiveness in a horizontal position, other 
designs may be used more effectively where 

vertical polarization is employed. To obtain 
the lowest radiation angle with vertical sys-
tems, those comprising a number of half-wave 
elements fed in phase are most useful. An im-
portant feature of such systems is that they 
are not so sharp in frequency response as are 
arrays having two or more parasitic elements 
in the saine plane; consequently, adjustment of 
even quite complex systems such as the 16-
element array shown in Fig. 1708 is not at all 
critical. 

Plane reflectors are usable at 144 Mc., their 
size at this frequency being within reason. An 
interesting possibility in connection with this 
type of reflector is its use with two different 
sets of driven elements, one on each side of the 
reflecting screen. A set of elements arranged 
for vertical polarization may be used on one 
side, and a set of horizontally-polarized ele-
ments on the other, or the plane reflector may 
be made to serve on two different bands by a 
similar arrangement of elements for two fre-
quencies, on opposite sides of the reflector. 
The screen need not be a solid sheet of metal, 
or even a close-mesh screen. A set of wires or 
rods arranged in back of the driven elements • 
will work almost equally well. The dimensions 
of the reflector are not critical. For maximum 
effectiveness, the plane reflector should extend 
at least !..1 wavelength beyond the area occu-
pied by the elements, but refh•cting curtains 
no larger than the space occupied by the re-
flectors shown in Fig. 1708 have been used 
with good results. 

In designing directional arrays having more 
than one driven element it is 'advisable to ar-
range for feeding the array at a central point. 
A simple 6-element array of high performance, 
inetn-porating this principle, is shown in Fig. 
1707. All the elements may be made of soft-
copper tubing, Yi inch in diameter. The driven 
elements are comprised of two pieces which 
are bent into two " U"-shaped sections and ar-
ranged in the form of a half-wave " IL" The 
horizontal portion of the " H" is tIn•ii a double 
quarter-wave " Q" section, matching the im-
pedance of the two radiators to that of the 
feed line. With the wide spacing used, the po-
sition of the parasitic elements is not particu-
larly critical, except as it affects the imped-
ance of the system, and the spacing of the 
elements may be varied to provide the best 
match. The spacing of the horizontal section 
may be varied for the saine purpose. With the 
dimensions given, a spacing of one inch be-
tween centers is about right for feeding with a 
300-ohm line. The radiation pattern of this ar-
ray is similar in both horizontal and vertical 
planes; thus it will work with equal effective-
ness in either position, provided the polariza-
tion is the same as that of the stations to be 
contacted. 
By using a curtain of eight half-wave ele-

ments, arranged as shown in Figs. 1708 and 
1709, backed up by eight reflectors, a degree 
of performance can be obtained which is truly 
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Fig. 1708 — A 16-element 
array for 144 Mc., showing 
supporting structure and 
"rotating mechanism." Sash 
cord wrapped three times 
around the criss-cross pulley 
permits 360-degree rotation. 

outstanding. A gain of as much as 13 
db. can be realized with such an ar-
rangement, effecting an improvement 
in operating range which could never 
be obtained by any other means. Such 
an array is neither difficult nor expen-
sive to construct, and its 1,, r f, re 
will more than repay the builder for 
the trouble involved in its construc-
tion. 
The cumbersome nature of tlio 

structure required to support such an 
array would make its construction out 
of the question for a lower frequency, 
but for 144 Mc. the outside dimensions are 
only 1M X 'W.? X 10 feet, and the support-
ing frame can be made quit o light. 
The center pole (a 1M-inch rug pole 10 feet 

long) turns in three hearings which are 
mounted on braced arms extending out about 
two feet from a " two by three," which is 
braced in a vertical position. An improvised 
pulley made of two pieces of 1 X 2-inch " fur-
ring" notched in the ends and fastened criss-
cross fashion near the bottom of the center 
pole serves as a " rotating mechanism." Sash 
cord wrapped three times around this " pul-
ley" and run over to the window on small pul-
leys allows the beam to be rotated more than 
360 degrees before reversal is required. 'ro keep 
the array from twisting in high winds light 
sash cords are attached near each end of the 
supporting stru('ture. These cords are brought 
through the window near the rotating ropes 
and arç Peed 111) tight and fastened when ft., 
antenna is not in use. 
The elements are of 7/16-inch soft-aluminum 

tubing for light weight. To stiffen the struc-
ture, and to help to maintain alignment, in-
serts were turned down from 3/2-inch poly-
styrene rod to fit tightly into the elements at 
the point where the cross-over or phasing 
wires are connected. Similar inserts are used 
for the reflector elements also. The inter-
connecting phasing sections are of No. 16 
wire, spaced about 1M inches. The feed line, 
connected at the center of the system, is 
Amphenol 21-056 Twin-Lead, 300 ohms 
impedance. The impedance at the center of 
the array is about right for direct connection 
of the 300-ohm line, without the necessity for 
a matching section of any kind. It is probably 
somewhat lower than 300 ohms, actually, and 

if a perfect match is desired, a " Q" sectiot 
may be used. The performance is not greatly 
affected by such a change, as the standing-
wave ratio is relatively low with the connec-
tion as shown. 
The center section of the array may be used 

without the outside 8 elements, if space is 
limited, and a simpler array of good per-
formance is desired. The simple " II" with 
reflectors may also be fed with 300-ohm line 
without the necessity for special matching 
devices. 

300 ohnt 
line 

Fig. 1700 — Schematic of the rai iating portiol of the 
16-clement 144- Me. array. Relict tors are omi ted for 
Clarity. Radiators are 38 inches long, reflectors 40.5 
inches. Cross-over or phasing sections are a so 40.5 
inches long. Reflectors are mounted 17 inches in back of 
each radiator. 

IQ Mobile and Portable Antennas 

A common type of antenna employed for 
mobile operation on 50 and 144 Mc. is the 
quarter-wave radiator which is fed with a 
coaxial line. The antenna, which may be a 
flexible telescoping " fish-pole." is mounted in 
any of several places on the car. The inner 
conductor of the coaxial line is connected to 
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the antenna, and the outer conductor is 
grounded to the frame of the ear. Quite a good 
match may be obtained by this method with 
the 50-ohm coaxial line now available: how-
ever, it is well to provide some means of tun-
ing the system. so that all variables can be 
taken care of. The simplest tuning arrange-
ment consists of a variable condenser con-
nected between the low side of the transmit-
ter coupling coil and ground, as shown in Fig. 
1710. This condenser should have a maximum 

 1  

c, 

Fig. 1710 — Method of feeding quarter-wave mobile 
antennas with coaxial line. Ci si ld have a max  
capacity of 75 to 100 µdd. for 28- and 50-Mc. work. Li 
is an adjustable link. 

capacity of 75 to 100 pmfd. for 50 Me., and 
should be adjusted for maximum loading wit h 
the least coupling to the transmitter. Some 
method of varying the coupling to the trans-
mitter should be provided. 
The short antenna required for 144 Me. 

(approximately 19 inches) permits mounting 
the antenna on the top of the car. Such an ar-
rangement provides good coverage in all di-
rections, the ear body acting as a ground 
plane. When the antenna is mounted else-
where on the car, it is apt to show quite 
marked directional characteristics. Because of 
this it is desirable to make provisions for the 
use of the same antenna for both transmitting 
and receiving. 
The best antenna possible for operation un-

der mobile conditions is not particularly effec-
tive, as compared with antenna systems nor-
mally used in fixed-station work. To make the 
most of the fine opportunities for DX work 
afforded by countless high-altitude locations 
which are accessible by car, it is helpful to have 
some sort of collapsible antenna array which 
can be assembled " on the spot." Even a sim-

RADIATOR CENTER 
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Fig. 1711 — A 2-element collapsible array for 50-Mc. 
portable use. 

pie array like the one shown in Figs. 1711 and 
1712 will effect a gnat improvement in the 
operating range of the low-powered gear nor-
mally used for mobile operation. This one is 
designed for 50-Mc. use, but similar arrange-
ment s can be made for other frequencies. 

Tito array shown is a 2-element system, com-
prised of a radiator ‘vhich is fed with coaxial 
line by means of a " T" match, and a reflector 
which is spaced 0.15 wavelength in back of the 
driven element. It is made entirely of 34-inch 
dural tubing, except for the vertical support, 
which is 1-inch tubing of the same material. 
A suggested method of mounting is shown in 
Fig. 1711. A short length of 1 X 2-inch or 
larger wood is bolted to the car bumper. A 
piece of 3/4-inch durai tubing is bolted to this 
upright, and the 1-inch vertical section of the 
array slips over the top of the n-inch section. 
The array is turned by means of ropes attached 

Fig. 1712 — Detail drawing of the 
collap.ible 50- Me, array, shown in 
Fig. 1711. All parts except the verti-
cal support, which is 1 inch in di-
ameter, are niade of U-inch dur-
alumni tubing. For carrying pur-
poses, it is taken apart at Points 
"A- and -11,- inserts of slotted durai 
tubing being used at Point "A" to 
hold the sections together. All ex-
tensions are the same length, the 
difference in element length being 
provided by the length of the center 
sections. 

• 



4n1cnnaá 381 
to the reflector element. Height of the array 
may be increased over that shown by using a 
longer wooden support, in which case it is de-
sirable to use a 2 X 2 for greater strength. An 
anchoring pin made from a spike inserted in 
the bottom end of the wooden support is help-
ful to prevent tilting of the array. With such a 
device embedded in the ground, the whole as-
sembly will remain rigid, which is helpful in 
the high winds usually encountered in moun-
tain-top locations. Portability is provided by 
making the elements in three sections, with 
the end sections all the sanie length. The cen-
ter section of the radiator is 6 inches shorter 
than that of the reflector. 
The fed section of the "T" matching device 

is composed of two pieces of 3%-inch durai tub-
ing about 14 inches long. The two sections are 
held together mechanically, but insulated 
electrically, by a piece of polystyrene rod 
which is turned down just enough to make a 
tight fit in the tubing. The inner and outer 
conductors of the coaxial line are fastened to 
the two inside ends of the matching section. 
Clips made of spring bronze are used for con-
nection between the radiator and the " T." 
The position of these should be adjusted for 
ihaximum loading and minimum standing-
wave ratio on the line. The idea for this array 
was suggested by W7OWX in " Hints and 
Kinks," April, 1946, QST, page 148. 

EL Miscellaneous Antenna 
Systems 

Coaxial antennas — With the "J" antenna 
radiation from the matching section and the 
transmission line tends to combine with the 
radiation from the antenna in such a way as to 
raise the angle of radiation. At v.h.f. the low-
est possible radiation angle is essential, and the 
coaxial antenna shown in Pig. 1713 was de-
veloped to eliminate feeder radiation. The cen-
ter conductor of a 70-ohm concentric trans-
mission 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 con-
ductor of the concentric line. The sleeve acts as 
a shield about the transmission line and very 
little current is induced on the outside of the 
line by the antenna field. The line is nonreso-
nant, since its characteristic impedance is the 
same as the center impedance of the half-wave 
antenna. The sleeve may be made of copper or 
brass tubing of suitable diameter to clear the 
transmission line. The coaxial antenna is 
somewhat difficult to construct, but is su-
perior to simpler systems in its performance at 
low radiation angles. 

Cylindrical antennas — Radiators such as 
are used for television and broad-band f.m. are 
of interest in amateur v.h.f. operation because 
they work at high efficiency without adjustment 
throughout the width of an amateur band. 
At the very-high frequencies an ordinary di-

pole or equivalent an-
tenna made of small 
wire is purely resistive 
only over a very small 
frequency range. Its Q, 
and therefore its selec-
tivity, is sufficient to 
limit its optimum per-
formance to a narrow 
frequency range, and 
readjustment of the 
length or tuning is re-
quired for each narrow 
slice of the spectrum. 
Wit h tuned transmis-
sion lines, the effective 
length of the antenna 
can be shifted by retun-
ing the whole system. 
However, in the case of 
antennas fed by 
matched-impedance 
lines, any appreciable 
frequency change re-
quires an actual me-
chanical adjustment of 
the system. Otherwise, 
the resulting mismatch 
with the line will be 
sufficient to cause 
significant reduction in 
power input to the an-
tenna. 
A properly designed and const ructed wide-

band antenna, on the other hand, will exhibit 
very nearly constant input impedance over 
several megacycles. 
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 conventional 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 antenna, thus broadening the 
resonance characteristic. 

As the diameter-to-length ratio is increased, 
end effects also increase, with the result that 
the antenna must be made shorter than a thin-
wire an t enna 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. 
Cone antennas — From the cylindrical an-

tenna various specialized forms of broadly res-
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Fig. 1714 — Conical broadland antennas have rela-
tively constant impedance over a wide frequency range. 
The three-quarter wavelength dipole at left and the 
quarter-wave vertical with ground plane at right have 
the same input impedance — approximately 65 ohms. 
Sheet-metal or spine-type construction may be used. 
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Fig. 1715— Plane sheet reflectors for v.h.f. and tall. A shows a parabolic sheet and B a square-corner reflector. 

onant radiators have been evolved, including 
the ellipsoid, spheroid, cone, diamond and 
double diamond. Of these, the conical antenna 
is perhaps the most interesting. With large 
angles of revolution the characteristic im-
pedance can be reduced to a very low value 
suitable for extremely wide-band operation. 
The cone may be made up either of sheet metal 
or of multiple wire spines, as in Fig. 1714. 
Plane sheet reflectors— The small physical 

size of v.h.f. antennas makes practical many 
methods not feasible on lower frequencies. For 
example, a plane flat-sheet, reflector may be 
used with a half-wave dipole, obtaining gains 
of 5 to 7 db. Much higher gains are attainable 
with a number of stacked dipoles, spaced 14 
or 3% wavelength apart, and a larger reflecting 
sheet; such an arrangement is called a "bill-
board" array. 

Plane reflectors need not be constructed of 
solid sheets. Wire mesh, or a grid of closely-
spaced parallel-wire spines, is more easily 
erected and offers lower wind resistance. 

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 an-
tenna system. If the parabolic reflector is 
sufficiently large so that. the distance to the 
focal point is a number of wavelengths, optical 
conditions are approached and the wave across 
the mouth of the reflector is a plane wave. 
However, if the reflector is of the same order of 
dimensions as the operating wavelength, or 
less, the driven radiator is appreciably coupled 
to the reflecting sheet and minor lobes occur in 
the pattern. With an aperture of the order of 
10 or 20 wavelengths, a beata width of 5 de-
grees may be achieved. 
A reflecting paraboloid must be carefully de-

signed and constructed to obtain ideal per-
formance. The antenna must be located at the 
focal point. The most desirable focal length of 
the parabola is that which places the radiator 
along the plane of the mouth; this length is 
equal to one-half the mouth radius. At other 
focal distances interference fields may deform 

the pattern or cancel a portion of the radia-
tion. 
Corner reflectors— The " corner" reflec-

tor, consists of two flat conducting sheets 
which intersect at a designated anglo. The 
corner reflector antenna is particularly useful 
at v.h.f. where structures one or two wave-
lengt hs in maximum dimensions are more prac-
tical to build than larger systems. 
The plane surfaces are set at an angle of 90 

degrees, with the antenna set on a line bisecting 
this angle. For maximum performance, the dis-
tance of the antenna from the vertex should 
be 0.5 wavelength, but compromise designs 
can be built with closer spacings. The plane 
surfaces need not be solid sheets; spines spaced 
about 0.1 wavelength apart will serve as well. 
The spines do not have to be connected to-
gether electrically. 

If the driven radiator is situated on a line 
bisecting the corner angle, as shown in Fig. 
1715, maximum radiation is in the direction of 
this line. There is no focus point for the driven 
radiator, as with a parabolic reflector, and the 
radiator can be placed at a variety of positions 
along the bisecting line. 

Corner angles larger than 90 degrees can be 
used, with some decrease in gain. A 180-degree 
"corner" is equivalent to a single flat-sheet 
reflector. With angles smaller than 90 degrees, 
the gain theoretically increases as the corner 
angle is decreased. However, to realize this 
gain the size of the reflecting sheets must also 
be increased. 
At a spacing of 0.5 wavelength from the 

driven dipole to the vertex, the radiation re-
sistance of the driven dipole is approximately 
twice the radiation resistance of the same 
dipole in free space. Smaller spacings of driven 
dipole and vertex are practical, but at a slight 
sacrifice in efficiency. The alternative design 
for the 144- and 50-Mc. square-corner reflector 
has a dipole-to-vertex spacing of 0.4 wave-
length. At this spacing the driven dipole radi-
ation resistance is still somewhat higher than 
its free-space value, but is considerably less 
than when the spacing is 0.5 wavelength. 
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emergency uni 
EMERGENCY self-powered equipment 

is no longer a nice toy to play with when 
regular amateur activities pall; it has become 
the moral obligation of every amateur to be 
prepared in case of any communications emer-
gency. Large-scale disasters in the past have 
demonstrated the tremendous value of ama-
teur emergency stations in relaying relief 
messages when all other communication chan-
nels are closed. Aside from the all-important 
emergency phase, the use of portable equip-
ment has been extended through organized 
activity in the annual ARRL " Field Days," 
and the problem of providing equipment 
suitable for use in rural districts, where com-
mercial power is not available, has always 
been with us. 
The most vital need for self-powered equip-

ment occurs in connection with emergency ac-
tivity, and the basic design of all such equip-
ment should be predicated on emergency use 
Every amateur, no matter where he may be 
located, can reasonably expect that sometime 
he may be called upon to perform emergency 
communications duty, and it is his responsi-
bility to the public welfare, to himself, and to 
amateur radio as a whole to see that ho is in 
some measure prepared. 

It is not to be expected that every amateur 
will prepare himself for an emergency by hav-
ing available a complete and separate self-
powered station, although a large number of 
individuals and club groups do so. There is, 
however, no reason why every amateur cannot 
prepare his station for an emergency by having 
an emergency power supply ready and a quick 
means for utilizing all or part of his regular sta-
tion equipment as an emergency-powered 
station. The emergency power supply can be 
anything from a small vibrator supply and/ 
or batteries to a large gasoline-driven genera-
tor. 

41 Battery and Vibrator Data 
The use of dry batteries, storage batteries 

and vibrator-transformer packs or genemotors 
is discussed in Chapter Eight. Table I shows 
the service which may be expected from stand-
ard-brand dry batteries under various load 
conditions. Various types of manufactured vi-
brator-transformer units are listed in Table 
II, while Table III is a listing of available 
dynamotors which are suitable for emergency 
and portable work. 

table 
t[i Construction of Vibrator Supplies 

Vibrator-type power supplies are not diffi-
cult to construct. The transformer usually is a 
special type designed for the purpose, although 
a heavy-duty receiver or low-power trans-
mitter transformer may be pressed into service 
if it has suitable filament windings which may 
be connected as the 6-volt vibrator primary. 
A supply may be designed to operate from a 
6-volt storage battery only, or a dual-primary 
transformer or separate transformers may 
be changeably on either 115-volt a.c. or 6-volt 
d.c. 

Typical circuit diagrams are shown in Fig. 
1801. The one shown at A is the simplest, al-
though it operates from a 6-volt d.c. source 
only. Si turns the high voltage on and off. 
The circuit of B provides for either 6-volt 

d.c. or 115-volt a.c. operation with a dual-
primary transformer. S2 is the a.c. on-off switch 
while 83 switches the heater of the 6X5 recti-
fier from the storage battery to the 6.3-volt 
winding on the transformer. Filament supply 
for the transmitter or receiver is switched by 
shifting the power plug to the correct output 
socket, X when operating from a 6-volt d.c. 
source and Y when 115-volt a.c. input is 
used. 
The circuit of Fig. 1801-C may be used when 

a dual-primary transformer is not availa-
ble. The filter is switched from one rectifier 
output to the other by means of the d.p.d.t. 
switch, 84, which also shifts filament connec-
tions from a.c. to d.c. The filter section of the 
switch could be eliminated if desired by 
connecting the filtering circuit permanently 
to the output terminals of both rectifiers and 
removing the unused rectifier tube from its 
socket. Similarly, the filament section of 84 
could be dispensed with by providing two 
output sockets as in the circuit at B. If a 
separate rectifier filament winding is available 
On T3, directly-heated rectifier types may be 
substituted for the 6X5 in the a.c. supply. In 
some cases where the required filament wind-
ings are not available, a rectifier of the cold-
cathode type, such as the OZ4, which requires 
no heater voltage, may be used to advantage. 

If suitable filament windings are available, a 
regular a.c. transformer will make an accept-
able substitute for a vibrator transformer. If 
the a.c. transformer has two 6.3-volt windings, 
they may be connected in series, their junction 

383 
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forming the required center-tap. A 6.3-volt and 
a 5-volt winding may be used in a similar 
manner even though the junction of the t wo 
windings does not provide an accurate cent er-
tap. A better center-tap may be obtained, if a 
2.5-volt winding also is available, since half 
of this winding may be connected in series with 
the 5-volt winding to give 6.25 volts. 

R.f. filters for reducing hash are incor-
porated in both primary and secondary cir-
cuits. The secondary filter consists of a 0.01-gfd. 
paper condenser directly across the rectifier 
output, with a 2.5-mh. r.f. choke in series 
ahead of the smoothing filter. In the primary 
circuit a low-inductance choke and high-
eapacitanee condenser are fleet led because of t he 
low impedance of the circuit. A choke of the 
specifirations given should be adequate. but 
if there is trouble with hash it may be benefirial 
to experiment with other sizes. Tlie wire slenild 
be large — No. 12, preferably, or No. 14 as a 
minimum. Manufactured chokes such as the 
Mallory R I.'583 are more eompact and give 
higher inductance for a given resistanee be-
cause they are bank-wound. and may be snit-
Stituted if obtainable, n should be at least 
0.5 pfd. ; even more capacitance may help in 
bad cases of hash. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. 

Fig. 1801 — Typical vibrator-transformer power-supply 
circuits. The circuit at A shows a simple arrangement 
for 6-volt d.c. input: the one at II illustrates the use of 
a combination transformer for operation from either 6 
volts d.c. or 115 volts. a.c. The circuit of C is similar 
to that of II but uses separate transformers. 

— 0.5.pfd. paper, 50-volt rating or higher. 
C2 — 0.001 to 0.01 Al.. 1600 volte. 
C3 — 0.01, ftl. 600-volt paper. 
Cs — 8-pfd. 150-volt elcctroly 
CS — 32-m61..150-volt electrolytic. 
C6— 100.ppfil. mica. 
Ri — 400 ohm., or 1 watt. 
LI—  10-12-henry 100-ma. filter choke, not over 100 

ohms (Stancor C-2303 or equivalent). 
F — 15-ampere fuse. 
RIT1 — 55 turns No. 12 on 1-inch form, close-wound. 
111,C2— 2.5-mh. r.f. choke. 
St — S.p.s.t. toggle — battery switch. 
52 — S. p. S. t. toggle — a.c. power soitch. 
Si — S. It. ti. t . toggle — rectifier-heater change-over 

so itch. 
Ss — 1).p.(1.1• toggle — a.c.-d.c. switch. 
— Vibrator transformer. 

T —Special vibrator transformer with 115-volt and 
6-volt primaries, to give approximately 300 
volts at 100-tua. d.c. (Stancor P-6166 or equiva-
lent). 

'l's — A.ee.t;ansformer, 275 to 300 volts each side of 
center- tap, 100 to 150 ma.: 6.3-volt filament. 

VID — Vibrator cenit (Mallory 3001', 291, etc.) 
X — Insert a series resistor of suitable value to drop the 

output voltage to 300 at 100-ma, load, if neces-
sary. If transformer gives over 300 volts ti., e. a 
second filter choke may be used to give zuh11. 
tional s iltage drop as well as more smoothing. 

NOTE — All groomed connections should be made to a 
single point on the chassis. 

A bottom plate to complete the shielding is 
advisable. The transformer case, vibrator case 
and 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 reasonably well-
shielded supply. A little care in this respect 
usually is more productive than experimenting 
with different values in the hash filters. Such 
experimenting should come after it has been 
found that radiation from the leads has been 
reduced to an absolute minimum. Shielding 
the leads is not. particularly helpful. 
The 100-apfd mica condenser, Cs, connected 

front the positive output lead to the " hot" 
side of the " A" battery, may be helpful in 
reducing hash in certain power supplies. A 
trial is necessary to see whether or not it is 
required. It should be mounted right on the 
output soeket. 

Testing for metlools of eliminating hash 
should be carried out with t he supply operating 
a receiver. Si nee the interference usually is 
picked up on the receiver antenna leads by 
radiation front the supply itself and the battery 
leads, it is advisable to keep the supply and 
battery as far frtun the reeei ver :t$ the connect-
ing cables will permit. Three or four feet 
should be ample. The microphone cord like-
wise should be kept away from the supply 
and leads. 
The smote 'ling filter for battery operation 

can be a single-section affair, but there will be 
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TABLE I — BATTERY SERVICE HOURS 
Estimated to 34-volt end-point per nominal 45-volt section. 

Based on intermittent use of 3 to 4 hours daily. 
(For batteries manufactured in U.S.A. only.) 
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Manufacturer's 
Type No. 

w e gm Current Drain in Ma. 

Burgess Eyeready Lb. Oz. 5 10 15 
...—. 

690 

20 25 
.=.. 

30 

320 

40 

200 

50 60 

130 

75 100 150 

—  386  14  — 2000 1100 510 400  170 100 50 30 

486 13 5 1700 880 550  395 300 240 165 125 100 70 45 20 

21308 — 12 8 1600 .1100 690 490  — 300 200 — 100 — 50 25 

586 12 2 1400 800 530  380 260 185 130 85 60 40 30 14 

10308 — 11 4 
13 

1300 700 520 350  — — 130 — 90 — 42 18 

585  8 900 450 290  210 130 100 60 45 25 
34 

20 11 5 

2308 —  8 3 1100 500 330 180 — 100 65 — — — — 

B30 — 2 8 350 170 90  50 — 21 15 — — — — — 

762  3 3 320 140 81 54 37 27 —  — — — — — 

A30 
482  2 

2 
— 
— 

320  
210 

140 81 54 37 27 
14 

—  — — — — — 

—  80 44 
30 

24  — 5 — — 
— 

— — — 

Z3ON 
738 1 

1 
2 
4 

160  
155 

70 20  10 7 — — — — — 

— 70 30 20 15 7.5 —  — — — 
— 

— — 

733  — 10 50 20 11 7 5.2 — — — — — — 

W30FL —  — 11 45 19 12  7 — 33 — — — — — — 

XX30 
455, — 

— 
8.670 
9 70 

20 11  7 5.2 — — — — — — — 

20 12 7 — 3.5 — — — — — — 
— 

'Seminar figures apply o 467, 671/2-volt, 10.5 or. 
Estimated to 1-volt end-point per nominal 1.5-volt unit. Based on intermittent use of 3 to 
hours per day at room temperature. ( For batteries manufactured in U.S.A. only.) 

Manufacturer's 
Type No. 

Burgess Eveready 

Weight 

Lb. 

A-1300 
740 
741 , 
743 

7111 
742 

6 
2 
2 
2 

2 
4FA3 

A-2300 
723 

20F2  
2F2H  
2F2BP' 
F2BP 
G3s 

15 
1 
13 

746 
718, 

1 
3 
1 F4PI 

On. 

4 
12 
14 
1 
2 
6 
10 
4 
8 

12 
6 
5 

12 
5 
3 

6 

Volt-
age 

1.25 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2.S 
3.0 
3.0 
3.0 
3.0 
3.0 
4.5 
4.5 
6.0 
6.0 

Current Drain in Me. 

30 50 60 120 150 

600 
600 
340 
370 

1100 
750 
700 
500 
1100 
600 

240 

340 
340 
130 
150 

200 
375 

2000 
1400 

750 
325 
320 
325 
680 
350 

175 

1715 
1200  

180 

1500 

200 240 I 250 

1333 
1050 

1250 1200 

450 
220 
2000 171r-

100 

130 
130 
45 
50 

1000 
95 
95 
30 
35 

200 
155 

1500 
70 

340 130 45 

375 
245 

135 
400 
160 

1333 

750 
60 
60 

300 

120 
100 

1250 
40 

30 

775 
275 
1110 

300 350 

1000 
625 
215 
135 
90 
85 

230 
95 
320 
110 
1200-

90 

854 

175 
110 

50 
190 
ao 

700 
42 
42 

1000 
30 

600 
30 
30 

854 

500 

1Same life figures apply to 745, wt. 3 lbs. 'Same Me Ogu es 01:01:4 to 2F4, volts 6, wt. 2 lbs 11 oz. 
'Same life figures apply to 8FL, wt. 2 lbs. 15 oz. 5Same life liga es apply to GS, volts 71/2 , wt. 2 lbs. 2 es. 
'Same life figures apply to 4F, wt. 1 lb. 5 oc. 5 Same life figu es anolY to 747, w1. 3 lbs. 

If batteries of another make are to be used, locate ones of similar size and 
weight on these tables and comparable performance may be expected. 

some hum (readily distinguishable from hash 
because of its deeper pitch) unless the filter 
output capacitance is fairly large — 16 to 32 pfd. 
A typical example of vibrator-supply con-

struction is shown in the photographs of Figs. 
1802 and 1803. 

All components in the supply with the ex-
ception of the four-prong outlet socket are 
mounted on a piece of quarter-inch tempered 
Masonite measuring 33% X 9 inches. This fits 
into a plywood box having inside dimensions 
(3% X 9 X 53/2 inches) just large enough to 

contain the equipment. The Masonite shelf 
rests on 3%-inch-square strips, 1 Yi inches long, 
glued to the corners of the box at the bottom. 
The top and bottom of the box are removable. 
To provide shielding and thus reduce hash 
troubles, the box is covered with thin iron 
salvaged frem 5-quart oil cans. Where the 
edges bend around the box to make a joint, the 
lacquer is rubbed off with steel wool so the 
pieces make electrical contact, and the metal 
is tacked to the plywood with escutcheon pins. 
To make sure that the shielding will be 
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TABLE Il — VIBRATOR SUPPLIES 

Manufacturer's Type Number Output 

American Television Electronic Halls. Rectifier 
Output 

and Radio Co. Labs crafters 
n,a.".ory 
r" Radiait Volts Ma. Filter 

VPM-F-7 90 10 Syn.  Yes 

VP-551 , 125-150- 
175-200 100 max. Syn. No  

420182 250 50 Syn. Yes 
VP-540 250 60 Syn. Yes 

• 4204P 100-150- 
250 

35-40- 
60 Syn. 

Yes 

605 150-200- 
250-275 

35-40- 
50-65 Syn. No 

604' VP-552s 225-250- 
275-300 

50-65- 
80-100 Syn. No 

150-200- 35-40-
4201 11 250-275- 50-70- Syn. No 

300 100 
251' 300 100 Tube Yes 

VP-555 300 200 Tube Yes 

VPM-68 311' 250-275- 
300-325 

50-75- 
100-125 Tube Yes  

VP-2 300 170 Tube No 
VP-4 320 70 Tube 143 

VP-557 400 150 Tube Input cond. 

4202D 300- 
400 

200- 
150 Tube Yes 

325-350- 
606," 375-400 

and 110 ex. 
60 cycle 

125-150- 
175-200 
20 watts 

Tube Input 
condenses 

All inputs 6.3 volts d.c. unless otherwise no ed. 

5 VP-553 same with tube rectifier. 
r In weatherproof case. 4201132 same with tube rectifier. 
r180-cycle vibrator, lightweight. 4204 same without filter. 
• 601 same withtube rectifier; 602 same except 12 v. d.c. input 

and tube rectifier; 603 same except 32 v. d.c. input and tube 
rectiher. 
• VP-554 same withtube rectifier; VP-G556 same except 12 v. 

d.c. input/ VP-F558 same except 32 v. d.c. input. 

"4200D same with tube rectifier/ 4200DF same with tube 
rectifier and output filter. 

7 551 same with 12 v d e. input. 
Also available without filter. 
511 same except 12 v. d.c. input. 
" Input 6 v. d.c. or 110 v. a.c., 607 same except 12 v. d.c. or 

110 v. a.c. input/ 608 same except 32 v. d.c. or 110 v. a.c. Input; 
609 same except 110 v. d.c. or 110 v. a.c. input. 

TABLE III — DYNAMOTORS 

Manufacturer's Type No. Input Ou Put 
Weight 
Lbs. Castes Elm Pioneer Volts Amps. Volts Ma. 

210A 

102, E1W272, 
6 6.1 200 100 61/2  

MA250 6 4.2 250 
250 

50  
100 

61/2  
61/2  251A E1W3393 6 7.9 

301A 106" E2W351" 6 9.7 300 100  
150 

61/2  
71/2  315A 158"  E2W2435  

RAOW1587 
6 13.4 300 

320A  
MA301 

6 18.2 300 200 91/2  
6 9 300 100 

351A  
355A 

6 10 350 100 61/2  
108 E2W256, 6 15 350 150 77/8 

352AR 6 22  
13 

350 200 91/2  
401A  6 400 100 77/e 

109' 
E2W438 6 14.2 no 125 93/4  

415A 6 20 400 150 77/s 
420A 6 23.4 400 200 91/2  
425A RA1W201 9 6 30 400 225 91/2  
V450 5.5 29 400 250 
A430  6 31 400 300 13 

E3W413 6 15 500 100 11 
520AS RAI W189'° 6 27.4 400 250 — 
A650 6 40 600 250 13 
AFS630 6 46.4 600 300 13 

'Input soften 4.6 amp.; wt. 45/8 lbs. 
r Wt. 71/2  bu 
r Input cotton 7.5 amp.; wt. 71/2  lbs. 
'Wt. 5 lbs. 

r Wt. 93/4  tbs. 
Input current 14 amp.; wt. 53/4 lbs. 

7 Wt. 16 lbs.; input current 18 amp. 

'Input current 17 amp. 
Wt. 171/2 lbs.; input current 25 amo. 

"Input current 27 amp.; wt. 171/2  lbs. 
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Fig. 1802 — A kw inside a u deal vibrator-type power supply. The rectifier tube 
is at the upper left with the filter choke just below. The primary fuse socket and 
vibrator are at the right. A synchronous-type vibrator may be substituted for the 
interrupter type if it is desired to el  the rectifier tube. 

complete, the top and bottom of the box slide 
into place from the side, with the metal cover-
ing extending out so that it fits tightly under a 
lip bent over from the metal on the sides. 
These lips also are cleaned of lacquer to permit 
good electrical contact. The general construc-
tion should be quite apparent from the photo-
graphs. The bottom is provided with rubber 
feet, and the top has a small knob at each end 
so that it can be pulled out. This is essential, 
since the fit is good and there is no way to get 
either the top or bottom off, once on, without 
having some sort of handle to grip. 

Charging Storage Batteries 

If access to a.c.-operated chargers is not 
possible at times bet ween actual use, some 
form of self-powered charging system is es-
sential. 

This need is ordi-
narily best met by a 
gasoline- or wind-
driven generator. Wat-
er- power generators 
have been used, but 
their dependence on 
special oirouinstances 
is obvious, and they 
are not available in 
small sizes. 
The wind charger 

consists of a small gen-
erator driven by a 
suitable impeller, 
inounted to takt ad-

vantage of the iree 
energy offered by the 
wind. The standard 
type will supply up to 
16 amperes to a 6-volt 
battery. It will ordi-
narily keep fully 

387 
charged a battery used 
to power a typical re-
ceiver and small trans-
mitter operated from 
vibrator or genemotor 
supply in intermittent 
operation. 
Gasoline- driven 

generators are also 
available for use in 
charging 6-volt or 
larger batteries. These 
ordinarily are rated at 
150 or 200 watts. A 
,1 2- or «¡-11.p. single-
cylinder 4-cycle engine 
is used, which will op-
erate for 12 to 15 hours 
on a gallon of gasoline. 

( Gasoline- Engine 
Driven Generators 

For higher- 1)0 wer 
installations, such as 

for communications control centers during 
emergencies, the most practical form of inde-
pendent 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 availa-
ble up to two 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. Ratings of typical 
gas-engine driven generator units are given in 
Table IV. 
A variant on the generator idea is the use of 

Fig. 1803 — 11a4i and smoothing filter components are mounted in the bottom of tbn 
low-voltage vibrator power supply. The 4-prong outlet socket is mounted on the si.l.• 
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TABLE IV—GASOLINE-ENGINE DRIVEN GENERATORS, AIR-COOLED 
_ 

Manufacturer Output 
Weight 
Lbs. Starter 

Ekes 
_ 

Kate Onan Pioneer Volts Watts 

3AP6I BD-61 110 a.c. 
or 6 d.c. 

300 
200 100 Push-button 

JR-35, 110 a.c. 300 65 Push-button 
JRA-3, 110 a.c. 350 65 Rope crank 

19-A 110 a.c. 
or 6 d.c. 

350 
200 95 Push-button 

Push-button 358 11 115 a.c. 350 91 
JR-10, 110 a.c. 400 — Rope crank 

51.3 110 a.c. 500 165 Push-button  
Push-button 

Push-button 

23A 110 a.c. 
or 6 d.c. 

500 
200 

105 

6AP1 14A BA-61 110 so.c. 600 . 135 
7L  
10134 

115 a.c. 750 195 Push-button 
10AP1  BA-10, 110 a.c. 1000 170 Push-button 

26A 110 e.c. 1000 265 Manual 
OTC 110 a.c. 1500  

1500 
135 Manuel 

BA-15 110 a.c. 365 Push-button 

I Also available in remote-control models. 
ntermittent-duty model. 

fan-belt drive. The disadvantage of requiring 
that the automobile must be running through-
out the operating period has not led to general 
popularity of this idea amongst amateurs. 
Such generators are similar in construction and 
capacity to the small gas-driven units. 
The home construction of generators of all 

the above types has been successfully at-
tempted by amateurs at times, although the 
possession of a considerable knowledge of elec-
tric-motor design is essential. One especially 
useful possibility is the rewinding of old auto-
mobile charging generators, several hundred 
watts capacity beitig obtainable from the larg-
est sizes. Those originally used on the old 4-
cylinder Dodge cars have been successfully 
adapted by amateurs. Trade schools \\rill often 
have their students rewind these generators for 
only the cost (if the material, and this possibil-
ity is worth investigating. 
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. If a 50-cycle clock is used 
to check a 60-cycle generator, it should be 
remembered that one revolution of the second 
hand will be made in 50 seconds and the clock 
will gain 4.8 hours in each 24 hours. 
Output voltage should be checked wills a 

voltmeter since a standard 115-volt lamp bulb, 
which is sometimes used for this purpose, is 
very inaccurate. Tests have shown that what 

Also eyaileble in rnenuabstarted type. 
4115-yolt output; weight 200 lbs. 

appears to be normal brilliance in the lamp 
may occur at voltages as high as 150 if the 
check is made in bright sunlight. 

E. 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 ground-

ing the frame of the generator and one side of 
the output line. 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 connection can be made 
near the point where the pipe enters tlie 
ground, otherwise a good separate 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. 

5171i1n1P s 

4—ta, vortfAc—.-1 1.—flowerrae. 

Fig. 1804 — Connections used for eliminating inter-
ference from gas-driven generator plants. C: should be 
ad., too volts, paper, while Cu may be 1 µfd. 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. 

a 
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From this point on, if necessary, by-pass 

condensers from various brush holders to the 
frame, as shown in Fig. 1804, will bring the 
hash down to within 10 to 15 per cent of its 
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 are con-
nected into the second detector. 

41 High-Frequency Equipment 

.The use of high-frequency equipment for 
the handling of all intracommunity emergency 
communications is recommended not only for 
the purpose of limiting the interference range 
but also because equipment for these frequen-
cies may be built. in easily-portable form. Low-
power transceivers and transmitter-receivers in 
the form of glove-compartment units, walkie-
talkies and handie-talkies find ready applica-
tion in this type of work. 

Glove-compartment units and other forms of 
mobile installations may be operated readily 
from a vibrator supply or genemotor con-
nected to the car storage battery, although a 
separate battery is recommended for protracted 
operating periods, such as in an emergency, to 
guard against discharging the car battery to 
the point where it will no longer start the car. 
The usefulness of a mobile unit in emergencies 
is apparent, since it constitutes a self-powered 
installation which may be placed in a strategic 
location with a minimum loss of time. 

Handle-talkies and walkie-talkies, on the 
other hand have the advantage that they may 
be brought to points which for one reason or 
another may be inaccessible to a car. Handie-
talkies universally operate from self-contained 
dry batteries, while the heavier walkie-talkie 
units may be designed to operate from either 
dry batteries or a small storage battery of the 
motorcycle type and a vibrator unit. In some 
cases, it may be desirable to build the power 
supply as a separate unit so that the weight 
which must be carried to the scene of an 
emergency may be distributed between two 
persons. 

Higher-powered transmitters and more elab-
orate equipment of the type often used as 
permanent station equipment operating from 
a.c. are desirable as control-station equipment 
if a suitable source of power is available. 

Portable Equipment — Low-Frequency 

The weakest unit in a low-frequency port-
able or emergency communications installation 
often is the receiver. 
An inadequate receiver, with poor selectiv-

ity, low sensitivity and insufficient stability, 
can ruin a QS0 even under favorable condi-
tions. When it is remembered that conditions 
in portable or emergency operation are often 
more severe than those at home, with poor 
antenna facilities, high noise levels, severe 
interference, etc., the fallacy of attempting to 
use an inferior portable receiver is apparent. 

The best procedure of all is to use the home-
station receiver for portable work. Headphones 
should be used and the output tube removed 
(if it isn't necessary for headphone operation), 
but this is no hardship. Headphones are far 
more satisfactory in such applications than the 
speaker in any event. This procedure not only 
ensures the availability of the high-perform-
ance receiver so vitally necessary, but the prac-
tice that has been obtained by using the re-
ceiver at home is invaluable in the specialized 
operating techniques of portable or emergency 
work. It takes as much experience to learn to 
run a receiver properly as it does to drive a car, 
and the middle of a crisis is no time to gain 
that experience. Even on lowered plate voltage 
the home superhet will be better than a make-
shift set-up. 

If a special portable/emergency receiver is to 
be built, it should be a superheterodyne. With 
present-day tubes and components, it is pos-
sible to build a simple superheterodyne as 
cheaply as a t.r.f. receiver, and there is no 
comparison between the two in performance. 
The average communications superheterodyne 
can be operated with storage-battery heater 
supply and dry-cell or vibrator-pack " B" 
supply. With the audio power tubes removed 
from the receiver, the power requirements are 
not too great. Some of the receivers on the 
amateur market have provision at the rear of 
the set for plugging in a d.c. supply, and those 
which do not can be easily modified by drilling 
a socket hole at the rear of the receiver and 
wiring it into the set. When regular a.c. opera-
tion is used, a plug in the socket completes the 
circuit. 
The design of low-frequency transmitters 

for emergency, portable and rural transmitters, 
will depend almost entirely upon the power 
supply available. Considering possible defects 
in hastily-improvised radiation systems, etc., 
it seems unwise to use less than 10 watts input 
to a power amplifier or 15 watts to an oscillator. 
However, powers greater than two or three 
times these values are not usually necessary, so 
selection of the power supply will depend 
almost entirely upon the pocketbook and other 
resourca.. -Tl.c. 300-volt 100-ma. vibrato! sup. 
plies and genemotors represent a nice com-
promise unless it is possible to step into the 
200- or 300-watt gasoline-driven generator 
class. 

Perhaps the best plan in providing for an 
emergency and portable transmitter is to uti-
lize the basic exciter unit in the regular station. 
This not only ensures the availability of a re-
liable, efficient unit at all times but means a 
saving in parts and equipment. It represents 
no hardship to the permanent station to con-
struct the exciter so it is compact, readily re-
movable and, above all, solidly and depend-
abry assembled. If your present exciter is not 
adaptable to this use, plan the new one so it 
will be. Provision for 6-volt tubes throughout 
is essential, with the heater circuit so arranged 
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that it can be connected to a storage battery 
without change. A suitable plate supply using 
a vibrator or genemotor or similar system 
should be available separately, arranged for 
ready connection. The best method is to have 
a socket-and-plug connector assembly, with one 
plug built into the transmitter and another, 
wired identically, connected permanently to 
the emergency supply. 

gq A Simple Modulator for Portable Work 
The circuit diagram of a simple modulator 

for portable or mobile work is shown in Fig. 
1805. In this arrangement the microphone is 
used directly to drive a pair of 6V6GT modu-
lators without intermediate speech amplifiers. 
Such a modulator works surprisingly well to 
modulate Class C inputs up to 25 wal ts. The 
unit requires 75 to 100 ma. at 200 to 300 volts. 

A+ A- 6- +8 250v. 

Fig. 1805 — Simple modulator for portable and gen-
eral-utility work. 
CI — 1tb;fd. 25.yolt eleetroly tic. 
Ri — 100 ohms. I matt. 
R2— no ohms, I watt. 
— Input transformer (Thordarson T-83A78). 

T2— Output transformer (Thordarson T-1911113). 

Voltage for the single-button earbon micro-
phone is taken from the junction of the two 
cathode- biasing resistors, RI and R2, thus 
eliminating the necessity for bulky micro-
phone batteries. These two resistors could be 
replaced by a single resistor with a sliding 
contact.. One side of the heater circuit is 
grounded so that only three power-supply 
wires are required. The complete unit may be 
assembled on a small chassis. 

High-Frequency Antennas 
In many cases, particularly at control sta-

tions, it will be necessary to use nondirective 
antennas because of the necessity for working 
field stations at random points of the compass. 
At field stations which normally work with 
only a single control station, however, it may 
be advantageous to use a simple form of direc-
tive array. The power gain will be worth while 
in bettering the signals in both directions, and 
in addition will minimize interference to and 
from other networks. The simpler forms of 
antennas described in Chapters Ten and Sev-
enteen are quite suitable. 
More important, perhaps, than the antenna 

itself is its location. Every effort should be 
made to get the antenna well above its sur-

roundings and to provide, whenever possible, 
a clear path between the control station and 
the network stations with which it must com-
municate. Having a line of sight between an-
tennas will ensure successful communication 
even though the power is very low and the 
antenna itself is nothing more than a simple 
half-wave wire. Where there are intervening 
obstructions, it will be helpful to use as much 
height as possible. 

Vertical polarization is to be preferred to 
horizontal, since vertical polarization is better 
suited to mobile operation. A simple vertical 
antenna has practically no horizontal direc-
tivity, therefore it will work equally well in all 
directions except for effects attributable to its 
surroundings and to the terrain over which 
the signal must travel. The signal strength 
will be poor if a horizontally-polarized antenna 
is used to receive a vertically-polarized signal. 
A half-wave antenna, two half-waves fed in 

phase stacked vertically, or an extended double-
Zepp, all will be satisfactory, and are very sim-
ple types to construct. Design details will be 
found in Chapter Ten. If the station is to be 
operated on a fixed frequency, the antenna 
length should be adjusted for that frequency. 
If the same antenna is to work on several 
frequencies, the length had best be chosen 
midway between the two extremes. 
Mobile antennas — It is probable that 

most networks will have one or more stations 
installed in cars, for dispatching to points 
which may be in urgent need of communica-
tion. The equipment previously described is 
readily adaptable to car installations; the 
transceiver, in particular, can be set up with 
little difficulty, and can get its power from the 
car broadcast receiver, if there is one. This 
would require only the installation of a suitable 
power socket in the car receiver, together with 
a switch to cut the power from the receiver 
when the transceiver is in use. Antennas 
suitable for such mobile installations are de-
scribed ht Chapter Seventeen. 

For a solid but easily detachable mounting 
for a mobile antenna, the arrangement shown 
in Fig. 1806 is suggested. It is held in place by a 
panel of wood, cut to the shape of the window, 
on which the antenna is mounted. By running 
up the window the panel is held firmly in place. 
The antenna is of the " J" type. This type of 
installation places the radiator proper above 
the roof of the cat and has the advantage that 
it can be readily removed from the car when 
not in use or when needed elsewhere. Fig. 1808 
shows a folded doublet. 
The unit shown is built of'i-inch plywood, 

since tile usual thickness of the window glass in 
cars is inch. Run down the window of the 
car about halfway, or enough to leave at least 
a 6-inch opening, and make a pattern of card-
board using the top edge of the window glass 
for the guide. Trim the cardboard to this 
shape, and then push it up in the window and 
use the edge of the glass to mark the bottom 
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Fig. 1806— A" J- -type antenna for ht - Me. mobile oper-
ation can be no lllll ted easily in the uni., of a ear. al-
lowing the radiator prt.tper to he placcd altos, the roof 
of the vehicle. The dimensions are gis en in the text. 

edge of the pattern. From the pattern, mark 
the piece of plywood and cut it out wit Ii a saw. 
Additional small pieces to form stops in the 
corners are fastened to the main piece with glue 
and brads. A piece of plywood about 6 X 8q 
inches should be fastened to the large piece at 
the point where the antenna is to be supported, 
using glue and brads, and the four stand-off 
insulators which support the antenna bolted 
to this piece. If the insulators are not long 
enough for the antenna to clear lift' side of the 
car, they can be raised by wood strips. 
Two small strips should be liai lid along the 

inside of the main piece so that they extend 
down below the edge a few inches and form, 
with the outside pieces, a yoke to keep the as-
sembly in the proper position on the window. 
The feeder can be made of flexible rubber-

covered wire ( obtained by splitting a length of 
parallel lamp cord) separated by small plastic 
or dry-wood spacers. The antenna ends of the 
wires are soldered to the heads of the large 
bolts in the upper stand-off insulators, and 
the wire is run out through holes in the wood. 
The antenna and matching-section rods are 

regular automobile whip antennas and are sup-
ported on the stand-off insulators by small 
loop-shaped metal clamps. The shorting bar is 
made along the saine lines, with bars of heavy 
metal on both sides of the clamp loops. 
The length of the half-wave " J" antenna 

itself should be 38 inches for a frequency of 
146 Mc. — the center of the two-meter band. 
Since the length of the matching section should 
be a quarter wavelength, or 19 incites, the 
total length of the right-hand element shown 
in Fig. 1806 should be 57 inches, while the 

shorter left-hand element should be 19 inches 
long. The spacing between elements should be 
2 inches. With an open-wire transmission line 
consisting of two No. 18 wires spaced 2 inches, 
the line should be conneett41 51.. inches up front 
the shorting bar at the bottom of the elements. 
The folded-doublet antenna shown in Fig. 

180S is another simple type of antenna which 
may be adapted for mobile use, especially 
where center-feed is more convenient. It has 
the advantages of rather broad-band character-
istie and moderately- high impedance at the 
feeding point. It should have an over-all length 
of 38 invites for 116 Me. 

IQ A Car- Roof Antenna 

Fig. 1807 ,:hows a sketch of a fitting for a 
vert kal v.h.f. car-roof an which provides 
a good meehanical arrangement for folding the 
antenna parallel to the car roof when the an-
tenna is not in use. 
The pi eel's .1 and /I are made from sections 

of brass rod inch in dia met cr. One end of piece 
.4, which has an over-all lengt It of 31., inches, is 
turned down for a lengt h of 2 inches to the di-
ameter required to fit the inside of the bottom 
of the tubular antenna. which is soldered fast. 
At the other end of pi ere A is cut a tongue, 1 
inch iting and 1:.¡ inch wit h• as shown in sketch. 

Piece 1> has an 
over-all length of 6 
inches. One end is 
turned down and 
threatied with a 
111Chi die, while a 
slot, 1 inch deep and 
34 inch wide to fit 
the tongue of A, is 
cut in t he opposite 
end. The slot ted end 
is then drilled and 
tapped on one sicle 
of the slot for a 
inch thumb screw, 
C. A vert ical elon-
gated hole is drilled 
and filed out in the 
tongue of piece .4, 
so that, with the B 
thumb screw loos-
ened. A can be lifted 
up slightly to clear 
the shoult.lers of B 
while the antenna is 
being folded down. 
Tite solid seating of 
the two pieces. A 
and C, against each 
other when the an-
tenna is erected in a 
vertical position 
provides little op-
portunit y for the 
joint to work loose 
under vibration. 
The threaded 

Tubular 
Antenna 

2' 

ti. 

i• 

.se 

Fig. 1807 — Feed. 
through insulation and 
fittings for the folding 
ear-roof 1111.1.ile antenna. 
The joint hinges at C 
that the antenna may he 
folded down parallel to 
the roof of the car. 



Fig. 1808 — Three-wire 
folded-doublet antenna 
for matching a 600-
ohm line. Tie three 
conductors arc con-
nected together at the 
ends, as indicated. 
They may be made of 
wire, rod or tubing, 
and can be mounted 
on stand-off insulators 
on a wooden support. 
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shank of piece B passes through a hole in the 
roof of the ear. The polystyrene washers, D 
and E, provide the necessary insulation. Each 
is 2 inches in diameter and 4 inch thick and 
has a collar or hub 3 inch thick turned on one 
side to fit the hole in the car roof. The assem-
bly is clamped to the roof of the car by means 
of the locking nuts either sicle of P. P is a sol-
dering lug for making the connection to the 
antenna. 

If the assembly is placed near the forward 
part of the roof, a two-meter half-wave an-
tenna may be folded back at the hinge when 
not in use without the antenna overhanging 
the rear of the car. 

• 
41 Low-Frequency Emergency Antennas 

Any of the simple low-frequency antennas 
described in Chapter Ten, or modifications of 
them, should be suitable for low-frequency 
portable and emergency work. End-fed anten-
nas of the simple voltage-fed or Zepp types 
probably are the easiest to erect, although a 
center-fed antenna is more tolerant as to 
dimensions so long as the entire system in-
cluding the feeders can be tuned to resonance. 
With such a center-fed arrangement, the 
feeders will stay in balance, even though the 
antenna portion of the system is much less than 
a half wavelength long. 

For portable work at 
low frequencies a com-
pact antenna which has 
been used successfully at 
3.5 Mc. consists of about 
60 feet of No. 18 enam-
eled wire wound in a 
spiral around a long bam-
boo fishing pole. The 
turns are space-wound 
over the top 14 feet of 
the pole and then close-
wound for about three 
feet. The remaining 
length of the pole is left 
free so that it may be 
lashed to a tree or other 
convenient, upright, or 
simply stuck in the 
ground when no support 
is available. The bottom 
end of the winding is 
connected through an an-
tenna tuner to ground. 
The pi-section antenna 

coupler described in 
Chapter Ten is a good 

device for coupling random lengths of wire to 
either transmitter or receiver. An antenna of 
this type may be erected by tying a weight to 
one end of the wire and tossing it into a tree 
or over some other possible elevated support. 

Transmission Unes— At nearly all fixed 
locations it, will be necessary to use a transmis-
sion line between the antenna and the radio 
equipment, since the latter will be indoors 

where it is easily accessible while the former 
will be placed on the roof of the building to 
secure adequate height. Low-loss coaxial or 
parallel (Twin-Lead) line is convenient for 
working into the center of a half-wave an-
tenna, and it is readily available on the market 
today. The alternative is an open-wire line 
having an impedance of 500 to 600 ohms. It is 
advisable to keep the spacing between wires 
small at the higher frequencies; 2-inch spacing 
is about right, provided the line can be installed 
fairly rigidly so that it will not swing in a 
breeze and cause the transmitter frequency to 
change. This close separation also requires a 
fairly large number of spacers — at intervals 
of perhaps three to four feet. On lower frequen-
cies the feeder spacing can be greater. 
To make such a line nonresonant it will be 

necessary to install a matching stub at the an-
tenna. The design and adjustment of such 
stubs also is covered in Chapter Ten. As an 
alternative, a multiwire doublet antenna may 
be used to couple directly to a line having an 
impedance of the order of 500 to 600 ohms 
without special matching provisions. Such an 
antenna is shown schematically in Fig. 1808. It 
gives a 9-to-1 impedance step-up at the line 
terminals, hence practically automatic match-
ing to a 600-ohm line, assuming the normal 
doublet impedance of 70 ohms. In addition, it 
has a broad resonance characteristic and there-
fore is well éuited to working anywhere in the 
band. 
To avoid the neCessity for impedance match-

ing, two-wire lines may be operated as tuned 
lines if desired. Such operation has been suc-
cessful with lines up to at least 100 feet long. 
Since in most cases the coupling device at the 
transmitter or receiver is a single-turn coil, the 
simplest method of tuning the line is to adjust 
the feeder length until the current in the line 
is maximum when the transmitter is operating 
on the chosen frequency. A small dial light or 
flashlight bulb, connected in series with one 
side of the line right at the transmitter termi-
nals, may be used as a current indicator. The 
transmission line should be made about four 
feet longer than necessary, its length being 
adjusted by cutting off an inch or two at a 
time until maximum bulb brilliancy is ob-
tained. 
From a constructional standpoint it is de-

sirable to use the same antenna for both trans-
mitting and receiving. The change-over switch 
for this purpose should have low capacity, and 
preferably should have low-loss insulation. The 
ordinary type of wafer switch is satisfactory, 
particularly if it is ceramic insulated. A small 
porcelain- base d.p.d.t. knife switch also may 
be used for this purpose. If possible, the an-
tenna switch should be combined mechanically 
with the power-supply change-over switches 
for the transmitter and receiver so that all 
the necessary switching from transmission 
to reception can be done in one simple 
operation. 
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Meaiurernerth ani 

euipment 
TO COMPLY with FCC regulations it 

is necessary that the amateur station be 
equipped to make a few relatively simple 
measurements. For example, the regulations 
require that means be available for checking 
the transmitter frequency to make sure that it 
is inside the band. This means must be inde-
pendent of the frequency control of the trans-
mitter itself; it is not enough to depend on, 
say, the calibration of a crystal in the crystal-
controlled oscillator that drives the transmit-
ter. In addition, it is necessary to make sure 
that the plate power input to the final stage 
of the transmitter does not exceed one kilo-
watt. The regulations also impose certain re-
quirements with respect to plate-supply filter-
ing, stability and purity of the transmitted 
signal, and depth of modulation in the case of 
'phone transmission. 

In many cases all these measurements can 
be made to a satisfactory degree of accuracy 
with no more auxiliary equipment than the 
regular station receiver. However, a better job 
usually can be done by building and calibrating 
some relatively simple test gear. Too, the 
progressive amateur is interested in instru-
ments as an aid to better performance. 
Methods of making the measurements re-

quired in the amateur station will be discussed 
in this chapter, and design and construction of 
representative types of the instruments used 
in making these measurements will be de-
scribed. 

Frequency Measurement 

Frequency-measuring equipment can be di-
vided into two broad climes: oscillators of 
various types generating signals of known 
frequency that can be compared with the 
signal whose frequency is unknown, and ad-
justable resonant circuits. 

Instruments in the first classification are the 
more accurate. Two types are commonly used 
by amateurs, the secondary frequency standard 
and the heterodyne frequency meter. The second-
ary frequency standard, nearly always crystal-
controlled, usually generates a frequency of 
100 kc. and employs a circuit that is rich in 
harmonic output. As a result, it supplies a 
series of frequencies, all multiples of 100 kc., 
which provides accurate calibration points 
throughout the communications spectrum. The 

ectiurinq 

more elaborate instruments of this type are 
provided with frequency dividers ( multivi-
brators) to supply intermediate calibration 
points; a divisor commonly used is 10, thus 
furnishing signals at intervals of 10 kc. when 
the fundamental frequency is 100 kc. 
The heterodyne frequency meter is a varia-

ble-frequency oscillator which is calibrated in 
frequency against a secondary standard or by 
other means. The oscillator usually is designed 
to cover the lowest frequency band in which 
measurements are to be made; measurements 
then can be made in higher-frequency bands by 
using the harmonic output of the oscillator. 
For example, when the oscillator is set to 3560 
kc. its second harmonic is 7120 kc., its fourth 
harmonic is 14,240 kc., and so on. The proper 
frequency reading is determined by knowing 
the fundamental frequency of the oscillator 
and the number of the harmonic which falls in 
the desired frequency range. 
Both the secondary standard and the hetero-

dyne meter are ordinarily used in conjunction 
with a receiver, the signals from the instru-
ments being picked up just as though they 
were from distant stations. In the case of the 
secondary standard, the frequency of the un-
known signal can be determined by locating it 
between two known 100-kc. or 10-kc. multi-
ples. With the heterodyne meter, the frequency 
is measured by adjusting the frequency meter 
until its signal is at zero-beat with the signal 
of unknown frequency, after which the fre-
quency can be read from the frequency-meter 
calibration. 

Since the secondary standard operates on a 
fixed frequency and can be crystal-controlled, 
its accuracy can be quite high. However, it 
simply establishes a series of known frequencies 
at regular intervals, and thus auxiliary meth-
ods must be used for determining frequencies 
between the known points. The series of fixed 
frequencies, when they mark the edges of 
amateur bands (as they do if they are multiples 
of 100 kc.), is quite sufficient for amateur work 
because the information that is required is 
whether or not the transmitter frequency is 
inside the band limits, rather than the exact 
frequency itself. On the other hand the hetero-
dyne frequency meter, while capable of giving 
readings at any point in its calibrated range, 
is inherently less accurate than the crystal-

393 
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All IT. S. frequency calibration is based on 
the standard frequeney transmissions from 
the Nat ,,,, al Bureau of Standards standard-
frequency station, W W V. This station is on t he 
air continuously, day and night. its radio (re-
quencies of 3. 10 and 15 Mc. (and 2.5 Mc. f  
7 P.M. to 9 A.M. EsT with 4)0-cycle modula-
tion only)  dulated by standard audio fre-
quencies of.11 0 and 4000 cycles per second, the 
former corresponding to t above  • Idle C. In 
addition, there is a 0.005-second pulse every 
second. heard as a "tick," which provides an 
accurate time interval. 
The audio frequencies are interrupted on t he 

botar and every five 'Mutates thereafter for one 
minute to give Eastern Standard Time in 
telegraphic code and to provide all interval for 
eltecking r.f. measurements. The motion an-
tttttt neenient is given by voice on the hour and 
half hour. 
The at-curacy of all frequencies is better t han 

a part in 10.000.000. The 1-nun tale. 4-min ta te, 
and 5  ' ht intervals marked by the begin-
ning and ending of t he announcement periods 
are accurate to a part in 10,000,000. The begin-
nings of the periods when the mad h, (reamers-
rieS are interrupted mark accurately the hour 
and the successive 5-minute periods. 

controlled standard because of the lower sta-
bility of the variable-frequency oscillator. 

ln the absence of more elaborate frequency-
measuring equipment, a calibrated receiver 
may be used to indicate the approximate fre-
quency of the transmitter. If the receiver is 
well made and has good inherent stability a 
bandspread dial calibration can be relied upon 
to within perhaps 0.2 per cent. For most ac-
curate measurement maximum response in the 
receiver should be determined by means of a 
carrier-operated tuning indicator (5-meter), 
the receiver beat oscillator being 
turned off. 
When cheek ing the I ransmit t et fre-

queney the receiving antenna should 
be distionneeteil, so t hat the signal will 
not overload or " t he receiver. 
If the receiver still blocks wit hunt an 
antenna t frefinency ni a y be 
checked by turning fott the ppwer 
ainplitier and tuning In the oscillator 

Heterodyne .freotteney meter 
with built- ill 1110-ke. cry., tal cali-
brator — The blvis or the hut up,' hut le 
fruqueney muter iS ti Coluldult•ly-

Airlded (»cillator with a precise 
frequency calibration. The oscillator 
nuist be so designed and constructed 
that it can he accurately calibrated 
and will rutain its calibration over 

long perio,ls of time. 
The oscillator used in the frequency 

meter nmst be very stable. Mecletni-
cal considerations are most important 
in its construction. Nu matter how 
good the instrument may be elec-
trically, its accuracy cannot be de-

pended upon if the mechanical construction 
is flimsy. Inherent frequency stability can 
be improved by avoiding the use of phenolic 
compounds and thermoplastics ( bakelite, poly-
styrene, etc.) in the oscillator circuit, em-
ploying only high-grade ceramics instead. 
Plug-in coils ordinarily are not acceptable; 
instead, a solidly-built and firmly-mounted 
tuned circuit should be permanently in-
stalled. The oscillator panel and chassis should 
be as rigid as possible. 
A stable oseillator circuit suitable for use in 

a heterodyne frequency meter is the electron-
coupled circuit. It is possible to take output 
front the plitte with but negligible effect on the 
frequency of the oscillator, and strong har-
monics are generated in the plate circuit. 
The heterodyne frequency meter shown in 

Figs. 1901 to 1904, inclusive, combines a num-
ber of features that make it suitable for accur-
ate frequency measurement in the amateur 
bands from 3.5 to 144 Mc. As shown in the 
circuit diagram, Fig. 1903, it consists of a 
65 K7 electron-coupled oscillator followed by a 
6.1(7 amplifier that is used to intensify the 
higher-frequency harmonies. A second 6SK7 
oscillator, using a crystal of the type that oper-
at f is at either 100 or 1000 kc,, provides check-
points and a means for calibration of the fre-
quency meter. A 651,7 is incorporated to am-
plify the crystal harmonics and to provide a 
detector circuit in which the outputs of the 
crystal and c.c. oscillators can be mixed for 
calibration purposes. The detector also citai des 
direct checking of the transmitter frequency. 
The fundamental tuning range of the hetero-

dyne oscillator is from 3500 to 4000 kc. By 
means of St this range can be changed to 
3500 -3720 kc., approximately, so that the 

— I Ici.•codyne frequency in-i-r''iii, built-in harmonic 
amplifier, cry,tal a•alibrator, and aletea•tor. usable am all amateur 
hands up to 111 \l e. Control: along the bottom of the panel are, 
front left to right, crystabo:eillator ott.olf switch, 100-1000-kc. 
crystal -'l et-tir itch, calibration range switch, drift compensator, 
harmoitie-amplilier range switch, output control, headphone jack. 
l'he t,o output terminals are along the right-hand edge. 
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Fig. 1902 — s 'le, of the Itetero.1 ne frequency meter. 'I'Ise 
main Inning conde..-er i- in the center e/ it 11 the e.c. oscillator tube 
to it , right The tube i, at the upper left, allli tile 

ansider-deleetor is in line oith ri tt Ilse rear edge 
(foregr.. I) tif tile 'Use 6r1C7 is in the 1...er-right corner. 

eighth harmonic just covers the 2S-29.7- Mc. 
band. This voi, Is excessively cri t kid t titling at 
the higher frequencies. The main tuning con-
denser, C2. is ctainected across all of L1 for the 
larger range and is connected to a tap on Li 
for the sinalktr to increase the ha tie 
Simultaneously, an adjustable padding con-
denser, CI, is switched in so that the oscillator 
frequency will be exactly 3500 kc. with C.2 set 
at maximum capacitance regardless of the 
switeh position. C4 is a fixed padding con-
denser to make the circuit fairly high-C, and 
Cb is the band-setting condenser. C3 is e small 
padder adjustable from the panel; its function 
is to permit, resetting the oscillator frequency 
to the calilffat ion check-points.provided by the 
crystal oscillator and thus take care of drift. 
from temperature variations and other causes. 
The GAC7 plate circuit is broadly tuned by 

means of switched coils resonating, with the 
circuit capacitances, at 144, 50 and 28 Mc., 
and thus increases the harmonic strength on 
those bands. 1 radio-frequency choke is con-
nected to the fourth switch position; this give's 
ample signal strength at 14 Mc. and lower fre-
quencies. Potentiometer Rb makes it possible 
to reduce the strength of the signal front the 
meter to the value desired for measurement 
purposes. 

In the crystal oscillator circuit, S2 changes 
the frequency from 100 to 1000 kc. or vice 
versa. In the 100-kc. position CI4 is connected 
across the crystal to provide means for adjust-
ing the frequency to exactly 100 kc. 

As shown in Figs. 1902 and 1904, the fre-
quency meter is built on a chassis folded from a 
piece of sheet aluminum, the dimensions being 

9 inches wide by 5M inches deep by 2 
inches high. Half-inch lips are bent 
along the bottons edges of the walls to 
make the chassis more rigid. The cab-
inet into which the meter fits is 10 by 
7 by 6 inrehQs. TIP) main tuning o,,rt-
denser, C2, is mounted On lin idumi 
num bracket above the chassis and 
tito coil, LI, is moupf",1 
low it. The band-setting condensur, 
C5, is mounted on the chassis behind 
the coil, with its si tait. pnetruding 
through the chassis for screwdriver 
adljustment. Trimmer C3 is mounted 
011 t he panel and is adjusted by a knob 
underneath the main tuning The 
coil is shielded from the amplifier sec-
tion by the small aluminum baffle 
shown in Fig. 1904. The le: ndspread 
Paddler, CI. is mounted to the left of 
the oscillator range switch and. like 
Ci, is screwdriver-adjusted from the 
top of the chassis. Wiring in t he oscil-
lat(ir tuned circuit, including the 
switch, should be short, direct, and as 
rigid as possible. 
The 100-kc. oscillator trimmer, Cut, 

does not require frequent. adjust ment 
and is therefore mounted on the rear 

edge of the chassis, close to the crystal unit. 
('ir,, the tilate tuning condenser for 1000 kc., is 
adjusted from the top of the chassis and is 
mounted to the right of the crystal-oscillator 
socket in Fig. 1904. 

In put t ing the instrument into operation, the 
crystal te,cillator should be cheek,..1 first. Con-
nect a length of wire to the crystal out put 
terminal t from Css) and listen on a rereiver 
over t he range from 3.5 to 5 Mc. Wit h S2 111 t Ill! 
10n0-kr. position, signals slmuldi appear at 
4000 and 5000 kc., and with S2 in t 100-ke. 
pdesitigen signals should be heard every 100 kc. 
Tune in WWV on 5000 kc., wait for the modu-
lai ion to go off, and then adjust CH for zero-
beat. This sets the oscillator to precisely 100 
ke. In the 1000-kc. position then, may be a 
difference of a few kilocycles between the fre-
quency of WWV and the 5- Mc. harmonic, but, 
this is not serious since the 1000-kc. oscillator 
is used only as an aid in identification of the 
100-kc. harmonics. 
To set tho range of the c.c. oscillator, put S2 

in the 100n-kc,position, plug a pair of ' phones 
into Sot S2 on the maximum range position 
(('2 across all of /..1), and set C2 near minimum 
capacit amp. Adjust Cs until the 4000-kc. har-
monic is heard. Then switch S., to 100 kc. and 
tune C.2 te eward maximum, counting off five 
additional 100-kc. signals. Cb may then be re-
adjusted to bring the 3500-kc. marker close to 
the end of the tuning-dial scale. The 100-kc. 
points may then be marked off on the scale or 
the readings recorded. The second tuning 
range is adjusted by setting Co at 3500 kr. on 
the first range, then setting SI so that C2 
is connected to the tap, and adjusting C1 (with-
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out touching C2) so that the 3500-kr. marker is 
brought to the same point on the dial. The sec-
ond range may be calibrated by the 100-ke. 
points in the same way as the first. 

Calibration points may be obtained be-
tween the 100-kc. markers on both ranges by 
using a receiver as an auxiliary. For example, 
if the receiver is adjusted to pick up the fifth 
harmonie of the c.c. oscillator ( 17.5 to 20 Mc.) 
and the harmonie is beat against 100-kc, points 
from the crystal oscillator in that range, 100-kc.. 
intervals on the flit h harmonie will give 20-kc. 
intervals on the fundamental. With a straight-
line capacitance condenser at Cg, the relation-
ship between dial divisions and frequency is 
almost linear, and marking off the dial at the 
proper intervals between actual calibration 
points will result in a calibration of sufficient 
accuracy. 
The various amateur bands are covered by 

the following harmonies: 3.5-4 Mc., funda-
mental; 7-7.3 Mc., 2nd harmonie; 14-14.4 
Mc., 4th; 27.185-27.245 Mc., 7th; 28-29.7 Mc., 
8th; 50-54 Mc., 14th; 144-148 Me., 40th. At 
lower frequencies a short length of wire con-
nected to the output terminal will give ample 
signal strength under average conditions, but 

ECO ,. TA sttis 

â -C-7 1 

63V +250 - 

nineleen 
in the v.h.f. range closer coupling - such as 
running the wire in close proximity to the re-
ceiving antenna lead, or actually connecting it 
to the antenna post through a small fixed con-
denser - may be necessary to get a good 

With an instrument of this type the edges of 
amateur bands may be quite accurately deter-
mined, if care is used in setting the 100-kc. 
oscillator to WWV and equal care is used in 
setting the c.c. oscillator scale to the 100-kc. 
crystal points. Cg may be used for the latter 
purpose each time the meter is used, and par-
ticularly during the first 30 minutes or so of 
operation when the temperature of the equip-
ment is rising. The accuracy at intermediate 
points will depend upon the accuracy of the 
original calibration; it should be possible to 
read within 0.05 per cent under normal condi-
tions by using the " drift corrector," Cg. 
Absorpt ion frequency meters - The sim-

plest possible frequency-measuring device is a 
resonant circuit, tunable over the-desired fre-
quency range and having its tuning dial cali-
brated in terms of frequency. Such a frequency 
meter operates by extracting a small amount 
of energy from the oscillating circuit to be 

Fig. 1903 - Circuit diagram of 
C1, C3 75-ppfd. variable. 
C2, Cao - 100-ppfd. variable. 
Ca, CI4 - 25-551d. variable. 
C4 - 220-pmfd. mica. 
Co, CIO, Ci - 100-pp(d. mica. 
C7, Cs, C9, CIS, C20. C2I - 0.01-pfd. paper. 
Cil, Cto - 470-ppfd. mica. 
CI3- 10-ppfd. mica. 
CI7 - 0.001-pfd. mica. 
Cas - 47-ppfd. mica. 
Bi, Rs, 110, 1112 - 0.47 mcgohm, watt. 
li2 - 10,000 ohms, 1 watt. 
1tt- 330 ohms, 1 watt. 
Rb - 25,000-ohm potentiometer. 
110 - 4.7 inegoltms, watt. 
R7 - 470 ohms, 1 watt. 
Rs - 0.22 megolim, 1 watt. 
Rio- 10,000 ohms, 1 watt. 
Rn - 1500 ohms, 1 watt. 

o 

the heterodyne frequency meter. 
1113, 1114 - 0.1 megohm, watt. 
- 18 turns No. 18 on 1-inch form, length 13/2 indics. 

Cathode tap 5 turns from ground end; band-
spread tap 11 turns from ground. 

L2 - 24 turns No. 18 enana. close-wound on 3.-inch 
form. 

L3 - 11 turns No. 18 cnam. close-wound on 3-inch 
form. 

L4 - 2 turns No. 16 spaced )¡ inch, diameter jj inch. 
L3- 8-inh. coi! (r.f. choke). 
1.0- I pie of .1-pie 2.5-mh. ri. choke. 
3.1 - Open.circuit jack. 
111rCi., lecc. - 2.5-mh. r.f. choke. 
Si - 2-position 2-pole ceramic wafer switch. 
S2 - 2-position 2-pole switch (bakelite insulation sat-

isfactory). 
S3 - toggle. 
S4 4-position 1-pole ceramic wafer switch. 
XTAL - 100-1000-kc. crystal unit (Bliley SA'1C-100). 
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Fig. 1904— Underneath the of the lieterod tie frequency 
meter. The parts layout is dis,•u-scd in the text. 

measured, the frequency then being deter-
mined by tuning the frequency-meter circuit 
to resonance and reading the frequency from 
the calibrated scale. This method is not ca-
pable of as high accuracy as the heterodyne 
methods for two reasons: First, the resonance 
indication is relatively " broad" as compared 
to the zero-beat of a heterodyne; second, the 
necessarily close coupling between the fre-
quency meter and the circuit being measured 
causes some detuning in both circuits, with the 
result that the calibration of the frequency-
meter circuit depends to some degree on the 
coupling to the circuit being measured. 

It is necessary to have some means for indi-
cating resonance with an absorption frequency 
meter. When such a meter is used for checking 
a transmitter, the plate current of the tube 
connected to the circuit being checked can pro-
vide the resonance indication. When the fre-
quency meter is tuned through resonance the 
plate current will rise, and if the frequency 
meter is loosely coupled to the tank circuit the 
plate current will simply give a slight upward 
flicker as the meter is tuned through resonance. 
Tho greatest aeouraoy is set/lured 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 t he 
beat note will change. Again, the coupling 
should be made loose enough so that a just-
perceptible change in beat note is observed 
when the meter is tuned through resonance. 
Although the absorption-type frequency 

meter should not be depended upon for accu-
rate measurement, it is a highly-useful instru-
ment to have in the station even when better 
frequency-measuring equipment is available. 
Since it generates no harmonics itself, it will 
respond only to the frequency to which it is 

tuned. It is therefore indispensable for 
distinguishing between fundamental 
and various harmonics, and for de-
tecting harmonics and parasitic oscil-
lations. When provided with a sensi-
tive resonance indicator it is also use-
ful for detecting r.f. in undesired 
places such as power wiring, for mak-
ing rough measurements of field 
strength in adjustment of antennas, 
and can likewise be used as a modula-
tion monitor. 
An approximate calibration — usu-

ally sufficient — may he obtained by 
comparison with a calibrated receiver. 
The usual receiver dial calibration is 
sufficiently accurate. A simple oscil-
lator circuit covering the same range 
as the frequency meter will be useful 
in calibration. Set the receiver to a 
given frequency, tune the oscillator to 
zero beat at the same frequency, and 
adjust the frequency meter to reson-

ance with the oscillator as described above. 
This gives one calibration point. When a suffi-
cient number of such points has been obtained 
a graph may be drawn to show frequency vs. 
dial settings on the frequency meter. 
A sensitive absorption frequency meter — 

Figs. 1905 to 1907, inclusive, show an absorp-
tion frequency meter or " wavemeter" with a 
crystal-detector/milliammeter resonance indi-
cator which provides a relatively high degree 
of sensitivity. As shown in the circuit diagram, 
Fig. 1900, a pick-up coil coupled to the reso-
nant circuit is connected in series with a crystal 

Fig.1905 — A sensitive absorption-type frequency meter 
with a crystal-detector rectifier and d.c.-milliammeter 
indicating circuit. Individual calibration charts mounted 
directly on each coil form make the meter direct-reading. 
The toggle switch places a 10-ma. shunt across the 0-1 
ma. meter; this range is used for preliminary readings, 
to avoid burning out meter or crystal. The meter gives 
indications at several feet from a low-power oscillator. 
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detector and 0-1 milliammeter. Plug-in coils 
are provided so that the unit covers the fre-
quency spectrum from about 1 megacycle to 
70 Me. A switch, S, and shunt. RI, are in-
eluded so that the meter scale readings can be 
increased by a factor of 10, to reduce danger 
of overloading the milliammeter when making 
preliminary measurements. Any type of fixed 
crystal detector may be used, but the v.h.f. 
types are recommended when obtainable. 
The unit is constructed in a 3- by 4- by 5-

inch metal box, the milliammeter being 
mounted on one of the side panels. The coil 
socket is on top near one edge, wit Ii the tuning 

Fig. 1906— Indicating frequeney.meter circuit diagram. 

CI — 110-55fd. variable (Ilammarlund II FA-140-A). 
C2 — mica. 
li t — 3-olun 4 ; see general data on meter shunts. 
L2— Plug-in coils wound on 1%-inch diameter 

forms: 
D — Fixed crystal detector. 
M A — 0.1 d.c:. milliammeter (Triplett Model 321). 
S — S.p.s.t. toggle switch. 

Frequency Range Pire Size Li Length 1, 2 1, 2 

1.1 3.5 Me. 
2.5-8.0 Me. 
4.5-11 Me. 
7 3 25 Mc. 
22-70 Mc. 

No. 28 e. 81 
No. 2.1 t. 37 3.1" 
No. 20 I. 17 3.¿ 
No. 16 t. 83.¡. 
No. 16 e. 

il 2" 
1!.t" 

17 turns 
11 " 
6" 
4" 
2 " 

Clo.e.wound. No. 30 11.s.c., 14 inch from primary. 
2 Because the impeclanee of individual crystal detee. 

tors varies con .i, erahly., experiment with the number of 
turns on L2 is nrcessan• for maximum current indication. 
If meter reads barl:N;ard., reverse crystal connect' . 

Fig. 1907— Inside the absorption wavemeter. The 
tuning condenser and roil socket are mounted on the 
frame of the 3 by 4 by 5 box; remaining parts are fas-
tened to one of the removable sides. 

nineteen 

condenser just below it inside the case. This 
arrangement keeps the tuned-circuit leads 
short. A handle is mounted on the side of the 
box opposite the tuning control for convenience 
in handling. A metal plate, on which an 
appropriate calibration scale is pasted, is 
fastened to each plug-in coil so that the proper 
calibration automatically comes under the 
knob pointer when the coil is plugged in. The 
unit may be calibrated as described in the 
preceding section. 
A two- or three-foot rod antenna and head-

phone jack may be added to the unit, using 
the connections shown in Fig. 1909. These 
additions permit the use of the instrument for 
field strength measurements and for monitor-
ing phone transmissions. The rod antenna is 
not required for ordinary frequency measure-
ment, and its use may be itiolesiralde when the 
frequencies of individual simultaneously-oper-
ating circuits are to be checked — as in the 
case of a multist age transmit tel wit It frequency 
multipliers — because t he antenna increases 
the sensitivity to such an extent that it may 
be difficult to identify the output uf a particu-
lar circuit. 

In addition to the uses mentioned in the 
preceding section, a meter of this type may be 
used for final adjustnu•nt of neutralization in 
triode r.f. amplifiers when loosely coupled to 
the plate tank coil. 
{ALF. waverneter-firld strength. indica-

tor-monitor— For operation at very-high 
frequencies a different type of construction 
must be adopted for wavemeters of the type 
described in the preceding section. An instru-
ment suitable for the range 100 to 250 Me. 
is shown in Figs. 1908 to 1910, inclusive. 
Provision is made in this unit for at an 
antenna so relative field-strength measure-
ments can be made (for checking v.h.f. antenna 
patterns, for example) and the circuit includes 
a headphone jack so 'phone transmissions can 
be monitored. 
The tuning condenser is a split-stator affair 

of 25 j.cmfd. per section. It is mounted to give 
short leads to the cil, ood the use of a sot_ 
stat()r condenser results in a low minimum 
capacity. The indicating de vue includes a 
pick-up loop loosely coupled to the tuned cir-
cuit, a 11%734 crytal and it 0-1 mini:unmet«. 
The by-pass condenser. C2, furnislies a short 
r.f, return to the pick-up loop and avoids any 
resonances in this circuit within the frequency 
range of the wavemet or. For field-strengt h 
indication, an antenna is connected to One side 
of the pick-up loop atol the woveraeter cir-
cuit, Liri, is dct tined, resulting in a nonselec-
tive indicab(r. 
The wavemeter is built in a 3- by 4- by 5-

inch metal cabinet, with the tuning condenser, 
Cli mounted under the top. The condenser 
shaft comes out through a clearance hole in the 
side. An aluminum plate, 2'. by 3;7 inches, is 
bolted on the side to back up the calibration 
scale. A polystyrene stripsis used to mount the 
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— A combination ‘vavemeter., fiehl,:trength 
indicator and •phone . m.dit, monitor for the lott-20-
Mc. range. The two- tat- II 1,11 i- part of the r, a v emeter 
portion, and the hairpin loop providea pick-up for the 
1N11 crystal deter- tor. for liehbstrength work, a short 
antenna is connected to the binding post at the left of 
the hairpin loop. 

two National FW1 binding posts that L;b1 
the coil, /4. The plume jack, Jj, is mount in 
the side of the case below the tuning knob. 
The wavenaler may 1)e calibrated hy usittg 

Lecher wires su s' next section) in conjunction 
with a v.h.f. oscillator. (Th oscillator may be 
a 144- or 220-Mc. transmitter.) Attach a two-

ANT 

Fig, 1909 — M king diiigram of the wevenicirr and 
lield-strength indicatlw. 

25.1.‘Al.-ner--cet .. plit—tator variable. (Card-
well \ 1),. 

C2— 100-amfd.  • Iget mica. 
— 90—I80 Mc.: 2 turn- \'. 12 wire, 1!;,-itielt 

spaced mire diameter. 
127,-2.-,tt Mc.: hairpin loop of No. 12. 11.¡-inelt 

-Inch .411,1ciri.. 
1.2— llrtiririti lei'  or No. 12. invitee long. 

Ji — telephone. jack. 
MA — 0-1 
Xi' A — Type I NS I. 

foot length ot still %t ire to the antenna post 
nf tlot waventen.r. With an oscillator capable 
of delivering 5 watts or so, a meter reading 
should be obtained several feet from the oscil-
lator. The Leeher wires can then be very 
loosely coupled to the oscillator, and as the 
proper shorting points on the Lecher wires are 
found, a dip will be observed in the wave-

meter current. If now the tuning knob of the 
wavemeter is rotated, a sharp dip in wave-
meter current will be found, and this point 
should be marked in pencil on the scale and the 
frequency, as calculated from t he Lecher wires, 
should be noted for future calibration. As a 
double check on the calibration of the wave-
meter, remove the antenna and tune the wave-
meter for maximum meter reading. The two 
points should be identical. If they are not, 
the pick-up loop is coupled too closely to the 
tuned circuit, of the wavemeter. 

Lerher trims — At very-high and ultra-
high frequencies it is possible to determine 
frequency by actually measuring the length of 
the waves generated. The measurement is 
made by observing standing waves on a t wo-
wire parallel transmission line or " Lecher Wiles." 
Such a line shows pronounced rest ;fiance effects, 
and it is possible to determine quite accurately 
the current loops (points of maximum cur-
rent). The distance between two consecutive 
current loops is equal to one-it:di. wavelength. 
Thus the wavelength call be read directly in 
meters (inches X 39.37 if a yardstick is used), 
or in centimeters for the very-short wave-
lengths. 
The Lecher wire line should be at least a 

wavelength long — that is, 7 feet or more on 
144 Mc. — and should be entirely air-insu-
lated except where it is supported at the ends. 
It may be made of copper tubing or of wires 
stretched tightly. The spaying between wires 
should be about one to one-anil-one-half inches. 
The posit ions of the current loops are found by 
means of a ' shorting bar,'' which is simply a 
metal strip or knife edge which can be slid 
along the line to vary its effeetive length. The 

Fig. 191n — A view of the back of the v.h.f. meter, 
showing the stiff supporting wire for the crystal and 
by-pass condenser. 
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If the measurement is made in 
inches, the frequency will be 

5906 
Fm, — 

Fig. 1911 — One end of a typical Leeher-,ire s.sstern. The feet at 
each end keep the assembly from tipping in ir %t hen in use. The wires 
terminate in airplane-tv pc strain insulators at one end, and at the other 
in small turnbuckles for maintaining tension. The n in• i, No. lb liare 
solid copper antenna wire (hard-drawn). The turnInn•kl., are held in 
place hY a Ms X 2-inch bolt through the anchor block. This end of 
the line is thus short-eireuiti‘il; it does not mat ter whether it is open 
or shorted, since the other end is the one connected to the pick-up loop. 

system can be used more conveniently and 
with greater accuracy if it is built upill per-
manent fashion and provided with a shorting 
bar maintained at right angles to the wires 
(Fig. 1911). The support may consist of two 
pieces of' 1-by-2" pine fastened together wit h 
wood screws to form a " T" girder, this ar-
rangement being used to minimize bending of 
the wood when the wires are tightened. 
A slider holds the shorting bar and acts as a 

guide to keep the wire spacing constant. A 
piece of wood held in the hand can be used; it 
is an easy matter to regulate the pressure so 
that free movement is secured. A spring device 
may be arranged for the same purpose. 

For convenience in measuring lengths di-
rectly in the metric system used for wave-
length, the supporting beam may be marked 
off in decimeter ( 10-centimeter) units. A 10-
centimeter transparent scale (obtainable at 5 
& 10 cent stores) may be cemented to the 
slider, extending out from the front, so that 
readings can be taken to the nearest milli-
meter. The difference between any two readings 
gives the half wavelength directly. 
Making measurements — Resonance indi-

cations can be obtained in several different 
ways. Let us suppose the frequency of a trans-
mitter is to be measured. A convenient and 
fairly sensitive indicator can be made by 
soldering the ends of a one-turn loop of wire, of 
about the same diameter as the transmitter 
tank coil, to a low-current flashlight bulb, t lin 
coupling the loop to the tank coil to give a 
moderately-bright glow. A similar coupling 
loop should be connected to the ends of the 
Lecher wires and brought near the tank coil, 
as shown in Fig. 1912. Then the shorting bar 
should be slid along the wires outward from 
the transmitter until the lamp gives a sharp 
dip in brightness. This point should be marked 
and the shorting bar moved out until a second 
dip is obtained. Marking the second spot, the 
distance between the two points can be meas-
ured and will be equal to half the wavelength. 

length (inches) 

If the length is measured in me-
ters, 

F 150  mc. — 
length (meters) 

In checking a superregenerative 
receiver, the Lecher wires may be 
similarly coupled to the receiver 
coil. In this case the resonance indi-
cation may be obtained by setting 
the receiver just to the point where 
the hiss is obtained, then as the 
bar is slid along the wires a spot 
will be found where the receiver 
goes out of oscillation. The dis-

tance between two such spots is equal to a half 
wavelength. 

In either case, the most accurate readings 
result only when the loosest possible coupling 
is used between the line and the tank coil. 
After taking a preliminary reading to find the 
regions along the line in which resonance oc-
curs, loosen the coupling until the indications 
are just discernible and repeat the measure-
ment. Unless this is done the tuning of the line 
will affect the frequency of the oscillator and 
inaccurate indications will be obtained. As the 
coupling is loosened the resonance points will 
become sharper, ‘thich is a further aid to ac-
curate determination of the wavelength. 
The shorting bar must be kept at right angles 

to the two wires. A sharp edge on the bar is 
desirable, since it not only helps make good 
contact but also definitely locates the point of 
contact. 
The accuracy with which frequency can be 

measured by such a system depends principally 
upon the technique of measurement. The 
necessity for using very loose coupling to the 
transmitter or receiver has already been men-
tioned. In addition, careful measurement of the 
exact distance between two current loops also 
is essential. Even if all other sources of error 
are eliminated, measurements within 0.1 per 
cent require an accuracy within 1 part in 1000, 
or 1 millimeter in one meter, in measuring tit° 
distance along the wires. This means that an 
accurate standard of length is necessary — a 

See 

x 

1.1 • 
s'S 
s. 

Fig. 1912 — Coupling a Lecher-wire system to a trans-
mitter tank coil. Typical standing-wave distribution is 
shown by the dashed line. The distance, X, between the 
positions of the shorting bar at the current loops equals 
one-half wavelength. 
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good steel tape, for instance — and that care 
must be used in determining the length exactly. 

41. Signal Monitoring 

Every amateur station should make pro-
vision for checking the quality of the trans-
mitter output. This requires that some means 
be available in the station for reproducing the 
conditions existing at a distant receiving sta-
tion; that is, for reducing the strength of the 
signal from the transmitter to such a point 
that its characteristics can be examined with-
out danger of false indications from overload-
ing the receiving equipment. 
The simplest method of checking the quality 

of c.w. transmissions is to use the regular 
station receiver. If the receiver is a super-
heterodyne the process may simply be that of 
reducing the r.f. gain to minimum and tuning 
to the transmitter frequency. If distant signals 
are stable and have " pure d.c." tone in normal 
reception, then the local transmitter should 
too, when the receiver gain is reduced to the 
point where the receiver does not overload. 
If the signal is too strong with the r.f. gain 
"off," shorting the antenna input terminals 
may reduce it to suitable proportions, or the 
mixer circuit in the receiver may be tempo-
rarily detuned to arrive at the same result. 
An alternative method is to set the receiver 

on the next lower-frequency band than the one 
in use, then tune the receiver so that the second 
harmonic of its oscillator beats with the trans-
mitter signal to produce the intermediate fre-
quency. Higher-order harmonics also may be 
used for this purpose. With this harmonic 
method there is ordinarily no danger that the 
receiver will overload, because the r.f. and 
mixer tuned circuits are so far from resonance 
with the transmitter frequency. The setting of 
the tuning dial bears no direct relation to the 
transmitter frequency under these conditions, 
since the oscillator harmonic must maintain 
a constant difference with the transmitter to 
produce the if, beat. 

A 'phone signal may be monitored in the 
same way, provided a headset is used for 
reception. Use of a loudspeaker is not usually 
practicable because the sound output feeds 
back to the microphone and causes howling. 
A crystal detector and headset may also be 
used for the same purpose, as described in 
preceding sections. In monitoring a 'phone 
signal the best plan is to have another person 
speak into the microphone rather than to 
listen to one's own voice. It is difficult to 
judge quality when speaking and listening at 
the same time. 

e Measurement of Current, Voltage 
and Power 

The amateur regulations require that when 
the power input to the final stage is above 
900 watts, means must be provided for measur-
ing the power input. This may be done by 
measuring the d.c. voltage applied to the final 

stage plates and the d.c. current flowing to 
them. The instruments required are a milli-
ammeter and voltmeter. 

Although in lower-power transmitters power-
input measurements are not required, it is 
nevertheless true that a millia in meter is an 
almost indispensable instrument in the amateur 
station. It is invaluable in the adjustment of 
transmitting amplifier stages; tuning a trans-
mitter without measuring grid and plate cur-
rents is like working in the dark. A d.c. volt-
meter, although not essential, is useful in 
conjunction with the milliammeter in deter-
mining whether tube ratings axe being exceeded 
or not and thus is helpful in sprolonging tube 
life. 

Besides d.c. measurements, it is also well to 
measure the filament voltages applied to trans-
mitting tubes. Tube performance is dependent 
upon proper cathode emission, which in turn 
depends upon the voltage applied to the fila-
ment or heater. Also, the life of some trans-
mitting tubes, particularly the thoriated-tung-
sten filament types, is critically dependent 
upon maintaining the filament voltage within 
rather close limits. Since most transmitting 
tube filaments are operated on a.c., an a.c. 
voltmeter is a worthwhile addition to amateur 
transmitting equipment. 

Adjustment of a transmitter for maximum 
power output to the antenna or transmission 
line is facilitated by the use of instruments 
which measure radio-frequency current. Such 
instruments, although not actually essential, 
round out the measuring equipment used in 
transmitter adjustment. 
D.c.instruments— D.c. ammeters and volte 

meters are basically identical instruments, the 
difference being in the method of connection. 
An ammeter is connected in series with the 
circuit and measures the current flow. A volt-
meter is a milliammeter which measures the 
current through a high resistance connected 
across the source to be measured; its calibra-
tion is in terms of the voltage drop in the 
resistance or multiplier. 

If a single instrument must be used for 
measuring widely-different values of current 
or voltage, it is advisable to purchase one 

Fig. 1913— 
How voltmeter 
multipliers and 
milliammeter 
shunts are con-
nected to ex-
tend the range 
of a d.c. meter. 

MULTIPLIER %. 

SHUNT 

which will read, at about 75 per cent of full 
scale, the smallest value of current or voltage 
to be measured. Small currents cannot be read 
with any degree of precision on a high-scale 
instrument; on the other hand, the range of a 
low-scale instrument can be extended as de-
sired to take care of larger values. The ranges 
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of both voltmeters and ammeters can be ex-
tended by the use of external resistors, con-
nected in series with the instrument in the 
case of a voltmeter or in shunt in the case of an 
ammeter. Fig. 1913 shows at the left the man-
ner in which a shunt is connected to extend the 
range of an ammeter and at the right the con-
nection of a voltmeter multiplier. 
To calculate the value of a shunt or multi-

plier it is necessary to know the resistance of 
the meter. If it is desired to extend the range of 
a voltmeter, the value of resistance which must 
be added in series is given by the formula: 

I? -= R,n (n - 1) 

where R is the multiplier resistance, R. the 
resistance of the voltmeter, and n the scale 
multiplication factor. For example, if the range 
of a 10-volt meter is to be extended to 1000 
volts, n is equal to 1000/10 or 100. 

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be 
found by Ohm's law: • 

R - 1000 E 

where E is the desired full-scale voltage and / 
the full-scale reading of the instrument in 
milliamperes. 
To increase the current range of a minima-

meter, the resistance of the shunt is 

/? R 
n - 1 

where the symbols have the same meanings as 
above. 

Homemade milliammeter shunts can be con-
structed from any of the various special kinds 
of resistance wire, or from ordinary copper 
magnet wire if no resistance wire is available. 
The Copper Wire Table in Chapter Twenty 
gives the resistance per 1000 feet for various 
sizes of copper wire. After computing the re-
sistance required, determine the smallest wire 
size which will carry the full-scale current (at 
250 circular mils per ampere). Measure off 
enough wire (pulled tight but not stretched) 
to provide the required resistance. Accuracy 
can be checked by causing enough current to 
How through the meter to make it read full-
scale without the shunt; connecting the shunt 
should then give the correct reading on the 
new full-scale range. 

Precision wire-wound resistors used as volt-
meter multipliers cannot readily be made by 
the amateur because of the much higher re-
sistance required (as high as several megolims). 
As an economical substitute, standard fixed 
resistors may be used. Such resistors are sup-
plied in tolerances of 5, 10 or 20 per cent ± 
the marked values. By obtaining matched 
pairs from the dealer's stock, one of which i.s. 
for example, 4 per cent low while the other is 4 
per cent high, and using the pairs in parallel 
or series to obtain the required value of resist-
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• ance, good accuracy can be obtained at small 
cost. High-voltage multipliers are preferably 
made up of several resistors in series; this not 
only raises the breakdown voltage but tends 
to average out errors in the individual resistors 
due to manufacturing tolerances. 
When d.c. voltage and current itre known, 

the power in a d.c. circuit can be stated by sim-
ple application of Ohm's law: P = El. Thus 
the voltmeter and ammeter are also the in-
struments used in measuring d.c. power. 
Multirange voltmeters and ohmmeters — 

A combination voltineter-millammeter having 
various ranges is extremely useful for experi-
mental purposes and for trouble shooting in 
receivers and transmitters. As a voltmeter such 
an instrument should have high resistance so 
that very little current will be drawn in making 
voltage measurements. A voltmeter taking con-
siderable current will give inaccurate readings 
when connected across a high-resistance source 
— as is often the case in various parts of a 
receiver circuit. For such purposes the instru-
ment should have a resistance of at least 1000 
ohms per volt; a 0-1 milliammeter or 0-500 
microammeter (0-0.5 ma.) is the basis of most 
multirange meters of this type. Microam-
meters having a range of 0-50 pa., giving a 
sensitivity of 20,000 ohms per volt, also are 
used. 
The various current ranges on a multi-

range instrument can be obtained by using a 
number of shunts individually switched in 
parallel with the meter. Care should be used 
to minimize contact resistance in the switch. 

It is often necessary to check the value of a 
resistor or to find the value of an unknown 
resistance, particularly in receiver servicing. 
An " ohmmeter" is used for this purpose. The 
ohmmeter is simply a low-current d.c. volt-

Fig. 1914 — An inexpensive multirange volt-ohm-mil-
liammeter housed in a standard 3 x 4 x 5 metal cabinet. 
Ranges are marked with number dies, the impressions 
being fulled with white ink. High-voltage test leads are 
available for use on the 5000-volt range. 
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Fig. 1915— Circuit of tile low-cost 
V-O-M. 

Ri — 2000-ohm wire-wound variable. 
R2 — 3000 ohms, tA watt. 
Ra — 100-ma. shunt, 0.33 ohm (see 

text). 
134 — 10-ma. shunt, 3.6 ohms (see 

text). 
Ra — 40,000 ohms, q watt. 
Re — 4 megolims, 4.watts ( four 1-meg-

ohm 1-watt resistors in series). 
R7 — 0.75 inegolam, 1 watt (0.5 mea-

t:Alin and 0.25 megohm, 
watt, ( ri series). 

Rs — 0.2 rirgimm, 3. wait. 
1(2 — 40,15111 , ruttnS, watt. 
Rio — 10,1100 ohms, 3'.L1 watt. 
13 — 4.5 volts ( Burgess 5360). 
MA — 0-1 (1.c. millian lllll qe.r. 
S — 9-point 2-pole switch (Mallory-

Yaxley 3109). 
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meter provided with a source of voltage (usu-
ally dry cells), the meter and battery being 
connected in series with the unknown resist-
ance. 1f a full-scale deflection is obtained with 
the connections to the external resistance 
shorted, insertion of the resistance under 
measurement will cause the reading to de-
crease. The meter scale can be ealibrated in 
ohms. When the resistance of the voltmeter 
is known, the following formula can be applied: 

el? 
R = — 

E 

where R is the resistance under measurement, 
E is the voltage read on the meter, 
e is the series voltage applied, and 
Re, is the internal resistance of the meter. 

A combination multirange volt-ohm-milli-
ammeter, reduced to si tilde and inexpensive 
ternis, is shown in Figs. 1914 to 1916, inclusive. 
Using a 0-1 milliammeter, the volt-
meter has five ranges at 1000 ohms 
per volt: 0-10. 50. 250. 1000 and 5000 
volts. Cut rent rang of 0-1, 10 and 
100 ma. are provided. There are t wo 
resistance measurement ranges ( three 
with external battery), a series range 
of 0-250,000 ohms, and a shunt range 
of 0-500 ohms. The " high-ohms" 
scale can be multiplied by 10 if the 
positive terminal of a 45-volt battery 
is connected to the terminal indicated 
in Fig. 1915. the unknown resistance 
being connected between the negative 
battery terminal and the negative 
terminal of the ohmmeter. 

For economy, ordinary carbon re-
sistors are used as voltmeter multi-
pliers. These can be obtained with an 
accuracy within 5 per cent. The 5000-
volt multiplier is four 1-watt resistors 
encased in heavy varnished cambric 
tubing to protect against flash-ovens. 
The tubing extends over the positive 
"5M" terminal. which is further insu-
lated by a wrapping of friction tape. 
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 0 111- OHM 

BAT. 
1-11- OHM 

 0+ 5000 V. 

The 10-nia. and 100- ma. shunts are made 
of ordinary copper magnet wire wound on 
short lengths of jí-inch diameter bakelitt rod. 
Measuring L and C — The alibi y to 

measure the inductance of coils, the capaci-
tance of condensers, or the resonant fregtu•nry 
of a tuned circuit frequently saves tittle that 
might otherwise be spent in cut-and- try. A 
convenient inst rument for t his purliose is the 
grid-dip oscillator, which is simply a low-power 
oscillator equipped wit It a low-range mulet iii-
met that measures the reetified grid currimt 
When a resunant cireuit tuned to the same 
frequency :1, the osalat(w is coupled to the 
lat ter. the energy extracted by the coupled 
cireuit re duces the amtiunt available for feed-
back. with the result that the oscillator grid 
current decreases. Consequently there is a 
"dip" in grid current as either the oscillator 
or the circuit under measurement is tuned 
through resonance. The oscillator should be 

Fig. 1916 — Interior of low-cost volt-ohm-milliammeter. All parts 
except the internal ohmmeter battery are mounted on the 4 x 5. 
inch bakelite panel. The battery is attached to the bottom plate. 
The voltmeter multiplier is first assembled on an insulated tie-strip, 
then wired into the circuit. The M-shaped object in the rear is the 
5000-volt multiplier— four 1-watt resistors covered with varnished 
cambric tubing. 
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Fig. 1917 — The grid-dip meter is built in a 6 by 6 by 6-inch metal 
box. The tuning dial, milliammeter, "A" and "B" switches, and 
'phone jack are on the front. The knob on the side controls the grid 
resistance. Standard plug-in coils are used. 

arranged so that its frequency is continuously 
variable over a wide range, to make it most 
useful in measuring the resonant frequency of 
circuits whose constants are unknown or 
known only approximately. 
A grid-dip oscillator is shown in Figs. 1917 

to 1920, inclusive. As shown in the circuit dia-
gram, Fig. 1918, it consists of a'simple oscil-
lator circuit using a dry-cell tube, battery oper-
ation being adopted to make the instrument 
conveniently portable. The frequency range is 
continuous from 3 to 60 megacycles, using 
standard midget air-wound plug-in coils. Grid 
current is measured by a 0-1 milliammeter, 
and is adjustable to any convenient value 
within this range by R2. Separate switches are 
provided for the plate and filament supplies; 
by closing Si and leaving S2 open the tube acts 
as a diode rectifier and the instrument thus can 
be used as an absorption wavemeter. The 
'phone jack, J1, also makes it possible to use it 
as a monitor. For convenience in measuring 
circuits that may be built into transmitters or 

Fig. 1918 — Circuit of the grid-dip meter. 
C2— 0.001-pfd. mica. 

C3— 100-pmfd.-per-section variable (lIammar-
lund 11113-100). 

RI — 4700 ohms, ),¡ watt. 
R — 25,000-ohm potentiometer. 
Li — Center-tapped coils with center link. Na-

tional AR-16 series or any equivalent 
coils may be used. 

1.2 — Pick-up loop; one turn No. 14, diameter 1 j¡ 
inches. 

Ji — Closed-circuit jack. 
MA — 0-1 milliammeter. 
RFC — 2.5-mh. r.f. choke. 
Si, S2 S.p.s.t. toggle switch. 

receivers, the pick-up loop shown in 
Fig. 1917 provides the coupling. The 
loop is connected to the link on the os-
cillator coils through a few feet of 
150-ohm Twin-Lead. The instrument 
may be calibrated by checking its fre-
quency at a number of dial settings on 
a calibrated receiver. 
For measuring inductance, the coil 

to be measured is connected to n con-
denser of known capacitance as shown 
at A in Fig. 1918. A mica condenser 
may be used as a standard; a 100-gad. 
5-per-cent tolerance unit will serve 
for most purposes. With the unknown 
coil connected to the standard con-
denser, the pick-up loop is coupled to 
the coil and the oscillator frequency 
adjusted for the grid-current dip, 
using the loosest coupling that gives a 
detectable indication. The inductance 
is then given by the formula 

25' 300  
—  

t•ppfd f me. 

A calibrated variable condenser is required 
for measuring capacitance. The circuit used is 
shown at B in Fig. 1918. The frequency of the 
circuit, using any convenient coil, is first 
measured with the unknown capacitance dis-
connected and the calibrated condenser set 
near maximum. The unknown is then con-
nected and the calibrated condenser readjusted 
to resonance. The unknown capacitance is then 
equal to the difference between the capaci-
tances at the two settings of the calibrated con-
denser. Obviously only capacitances smaller 
than the maximum capacitance of the cali-
brated condenser can be measured by this 
method. Since high accuracy in capacitance 
measurement is not ordinarily required, a sat-
isfactory standard is any condenser of the 
straight-line capacitance type, for which a 
sufficiently good calibration curve can be con-
structed by noting the dial divisions at which 
the plates just start to mesh and are com-
pletely meshed, and assuming that the capaci-

(3) 

Standard 
osv. Condenser 

Unknown 
In 

(A) 

Any convenient 
value of 

frolucionce 
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Fig. 1919 — Top view of the grid-dip meter. The tuning condenser 
is mounted on small stand-off insulators primarily to space it suffi-
ciently from the side to make room for the dial on the front. 

tance change is linear within those limits. The 
minimum and maximum capacitance (corre-
sponding closely enough to these condenser 
settings) can be obtained from the manufac-
turer's data on the particular condenser used. 

41J. The Oscilloscope 

The cathode-ray oscilloscope is an instru-
ment of great versatility, and in conjunction 
with the instruments herein described, should 
be a valuable addition to thé practical amateur 
station. The oscilloscope is useful on d.c., 
and audio and radio frequencies, and is particu-
larly suited to a.f. and r.f. measure-
ments because, compared to other 
types of measuring equipment, it in-
troduces relatively little error at such 
frequencies. 

Probably the chief use of the oscil-
loscope in amateur work is in measur-
ing the percentage modulation in 
'phone transmitters and in serving as 
a continuous monitor of modulation 
percentage. An oscilloscope fur this 
purpose may be quite simple and in-
expensive, consisting only of a small 
cathode-ray tube and an appropriate 
power supply. However, by providing 
amplifiers for the deflection plates and 
furnishing a linear sweep circuit, the 
possibilities of the instrument are 
greatly extended. It then becomes 
possible, for example, to examine 
audio-frequency waveforms and to 
check and locate the cause of distor-
tion in a.f. amplifiers. 

Constructional considere tions —  
In building an oscilloscope, care 
should be taken to see that the tube is 
shielded from stray electric and mag-
netic fields which might deflect the 

beam, and means should be provided 
to protect the operator from acci-
dental shock, since the voltages em-
ployed with the larger tubes are quite 
high. In general, the preferable form 
of construction is to enclose the in-
strument completely in a metal cab-
inet. It is good practice to provide an 
interlock switch which automatically 
disconnects the high-voltage supply 
when the cabinet is opened for serv-
icing or other reasons. 

In laying out the unit, the cathode-
ray tube must be placed so that the 
alternating magnetic field from the 
power transformer has no effect on 
the electron beam. The transformer 
should be mounted directly behind 
the base of the tube, with the axes of 
the transformer windings and of the 
tube on a common line. 

It is important that provision be 
included either for switching off the 
electron beam or reducing the spot 
intensity when no signal voltage is 

being applied. A thin, bright line or a spot of 
high intensity will " burn" the tube screen. 

If trouble is experienced in obtaining a clean 
pattern from a high-power transmitter because 
of r.f. voltage introduced by the 115-volt line, 
by-pass condensers (0.01 or 0.1 pfd.) should be 
connected in series across the primary of the 
power transformer, the common connection 
between the two being grounded to the case. 
A simple oscilloscope — The circuit of a 

simple cathode-ray oscilloscope is shown in 
Fig. 1921. Either a 1-inch 913 or a 2-inch 902 
tube can be used. The cathode-ray tube may 

Fig. 1920 — A view from the bottom of the grid-dip meter. The 
oscillator tube is mounted underneath and parallel to the tuning 
condenser. Batteries are held in place by a metal strip fastened to 
the cabinet. 
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Fig. 1921 — An oscilloscope circuit for modulation 
monitoring. 

0.01 -mfd.100.volt !taper. 
C2 — 11.7i-mfil 800-volt paper or oil-filled. 
Cs — 0.005-pfd. mica. 
C4 — 0.1 -phi. 600-vol t pa per. 
Ri — 50,000-ohm variable. 
1(2, 116 — 0.5-megoltm variable. 
Rs — 1 megohm. 1 watt. 
114, 1(6— 0.5 megolun. 1 watt. 
Si — S.p.s.t. toggle switch. 
52 — S.p.d.t. toggle switch. 
T — Replacement.type transformer; 350 volts, 40 ma.; 

5 volts, 3 amperes; 6.3 volts, 2 amperes. 

be mounted, together with the associated ri e-
tifier tube and other components, in a cabinet 
made of a standard 3 X 5 X 10-inch steel 
chassis with bottom plate. 

This circuit is useful primarily for modula-
tion checking in radiotelephone transmitters. 
Horizontal sweep voltage may be obtaitwil 
either from an audio-frequency source, such as 
the modulator stage of the transmitter, or 
from the 60-cycle a.c, line, as selected by 
Using the modula! ir output for the sweep, the 
pattern on the screen will be in the form of a 
trapezoid. as described in Chapter Five. 

Fig. 1922 — A simple oscilloscope using a 1-inch tube. The control-
on the front, from left to right, are "Sync Amplitude," pilot light 
and "Fine Frequency." ote the small neon tube, used for generat-
ing the sweep voltages, to the right of the 6SL7. A hood mounts 
over the 913 and the terminal panel at the rear of the chassis. The 
controls along the side, from back to front, are "Focus," "Vertical 
Centering," "Sync-Sweep" and " Vertical Gain." 

S2 

R6 60 ,, EST 

R5 controls the amplitude of 
" RF the applied horizontal sweep. 
4 lapar R1 is the intensity control and 

Rs the focusing control. If 
R ,=AUDIO needed, a 2.5-mh. 125-ma. r.f. 

INPUT choke may be connected in 

series with the lead to the rotor 
of R5 to correct leaning of pat-
terns caused by r. f. coupling. 

.4 complete oscilloscope— The usefulness 
of the oscilloscope is enhanced by providing a 
linear sweep circuit or time base, together with 
amplifiers for the horizontal and vertical de-
flection- plate signals so that sufficient voltage 
will be available at t he deflection plates to give 
a pattern of suitable size. An inexpensive oscil-
loscope so equipped is shown in Figs. 1922 to 
1925, inclusive. It uses the 1-inch Type 913 
tube, but the 2-inch Type 902 readily can be 
substituted in the circuit. 

As shown in Fig. 1923, the high-voltage d.e. 
is furnished by two 61I6s connected as half-
wave voltage doublers. One supplies 300 volts 
positive for the amplifiers and sweep generator, 
and the ot her furnishes 300 volts negative for 
the cathode-ray tube voltage-divhler network. 
The current drain is 2 ma, front the positive 
and 0.75 ma. from the negative supply. 
The horizontal sweep generator is a 1/25-

watt neon bulb (General Electric NE-51) used 
in a saw-tooth oscillator circuit. The frequency 
is determined by R24 plus R25 and the shunt 
capacity selected by S3, and is variable be-

t ween 12 and 700 cycles. A synchro-
nizing voltage can be coupled in 
through C12 and its amplitude ad-

by R26. The Sy nu-Sweep" 
O it(h, S2, allows five different condi-

tions of sweep and synchronization, as 
folh)ws: ( 1) external synchronization, 
t 2) line synchronization, (3) internal 
synchronization, (4) line (sine-wave) 
sweep, itnd ( 5) external sweep. 
The positive sawtnoth from the gen-

erator becomes a negative sawtooth 
Oiler amplification through the hori-
zontal amplifier (one section of a 
tiSI.7), and to make the trace sweep 
fruit left to right in the conventional 
fa-tuon the cathode-ray tube must be 
turned so that. the No. 1 pin is at the 
bottom, with pins No. 3 and No. 7 
horizontal. Used in this manner a 
waveform will appear in the correct 
polarity when passed through the 
vertical amplifier but it will be in-
verted when applied directly to the 
vertical plates. 
The unit is built on a 7- by 7- by 2-

inch chassis. The ten controls and the 
Idiot light are mounted along the front 
and sides, and the two heater trans-
formers are mounted on the back. The 
external connections are brought to 
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Fig. 1923 — iring diagram of the 1-inch 
GI and G2 should be connected to chassis. 
C1, Ca, Ca, C4, Cs — 8-gfd. 250-volt electro-

lytic. 
Cs, C7, es, Co — 600-volt paper. 
Cie, Ci — 25-51d. 25-volt electrolytic. 
C12 — 0.001-9M. mica. 
Cla — 100-55M. mica. 
C14 — 0.05-gfd. 400-volt paper. 
Cis — 0.02.pfd. 400-volt paper. 
Cis — 0.006-pfd. mica. 
(: 17 — 0.002-pfd. mica. 
lii — 10,000 ohms. 
112, 1123.0.2 megolim. 
lia, R- 0.1 n1(1[41131, 
RS — 0.25•Megolint variable, "Focus" con-

trol, 
RO •••••• 60,000 ohnis, variable, y" 

control. 
117, Rit — 0.5 megolim. 
H, life, lii,, Libinegehnt -110ri• 

zontal Centering.- -Vertical Center. 
ing- and - Vertical Gain- controls. 

flu, 1112, It la — 2.0 megolinis. 
11,4 — 50.1,00 r‘lleena  
His — 1.0 megolint. 

1117 — 0.23 ntegohm. 
Ris, Rie — 5000 ohms. 

..-.3.mego.hin variable. "Horizontal 
Gain" control. 

1122, 1124 —  3.0 megohnts. 
1126— 10.0 megolim :triable. "Fine Fre-

quency - control. 
R26— 0.1-inegolun variable. -Sync Ampli-

tude- control. 
All fixed resistors are 34/-watt carbon. 
It — 6.3-volt pilot lamp. 
Si — S.p.s.t. snap suiteli mounted on lis. 
S2 Two•pole 5.position rotary. Sync. 

Sweep." 
S3 — Single-pole 5-position rotary, -Coarse 

Frequency." 
Tg — 0.3.% idt 1.0-ampere heater trail:. 

former. 

nine tip jacks on a polystyrene 
panel which is also mounted on 
the back of the chassis. Mount-
ing the jacks for connections at 
the back of the chassis keeps the 
leads clear of the controls. 
The arrangement of the tubes 

on the chassis can be seen in the 
photographs. The leads in the 
sweep generator, amplifier grid 
circuits and all heaters should be 
shielded to minimize a.c. pick-up. 
Too much pick-up in the sweep 
circuit will cause it to synchronize 
with the line frequency and pro-
duce unstable sweeps at other fre-
quencies. The outputs of the am-
plifiers are brought out in flexible 
leads terminated in pin tips which 
can be plugged into the proper 
jacks on the terminal panel, thus 
making it a simple matter to re-
move them when working directly 
into the 'scope deflection plates. 

Since one side of the a.c. line is 
common to the d.c. voltages and 

3 ellaSSiii, it is necessary to know 
when the chassis is connected to 
the grounded side of the line. The 
"Test" terminal is a means for 
checking this. With Si turned to 
the " Off" position and S3 set to 
"Test," connect the " Test" ter-

minal to an actual ground or the common of 
the unit to be tested wit h the 'scope. If the 
neon t ube glows, the a.c. plug should be reverse‘l. 

G, 

TEST 
 0 

O Reptesents co””ection 
on termmaipwiel 

oscilloscope. Terminals 

Fig. 1924 — View showing the arrangement of parts underneath the 
oscilloscope chassis. The controls along the left-hand side, from top 
to bottom, are " Intensity,- "Ilorizontal Centering,'" -Coarse Fre-
quency" and "Horizontal Gain." (Mt:Coruna, Jan., 1940, Q.3 f.) 
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The direct sensitivity of the vertical plates 

is 125 volts/inch and 175 volts/inch for the 
horizontal. Working through the amplifiers at 

maximum gain, the vertical sensitivity is 0.9 

Imo cord 

Fig. 1925 — A sketch of the back of the 'scope, showing 
the arrangement of terminals. 

volts/inch and 1.1 volts/inch for the horizon-
tal. The a.c. power consumption of the unit 
is approximately 20 watts. 

111. Signal Generators 
Test oscillators — A simple test oscillator 

for receiver checking and similar uses is shown 
in Fig. 1926. It uses the electron-coupled 
oscillator circuit with provision for suppressor-
grid a.f. modulation. The output attenuator is 

a potentiometer so connected as to present a 
constant input resistance to the receiver. 

For suppressor-grid modulation, apply ap-

proximately 10 volts of audio ( for 50-per-rent 
modulation), where shown in the diagram. 

R, 65K7oR 7A7 C7 

To AE 
°SCULL ATOR 

2 R3 R 

250V. 
Fig. 1926 — Electron-coupled i.f. test oscillator circuit 
diagram. 

Ci — 100-mpfil. variable with 200-mpfil. fixed silver. 
mica zero-drift in parallel. 

C2— 100-uAl. midget mica. 
CS, C4 — 25(4gfil. midget mica. 
CS — 0.005-561. mica. 
Co — 0.1-51•11. 400-volt paper. 
C2 — 500-ppfil. midget  • -.a. 
R: — 50,000 ohms, )4 watt. 
112 — 2000 ohms, )•$, watt. 
113 — 20,000 olinis, 1 watt. 
1{4 — 20,000 ohms, 2 watt. 
115 — 500-ohm carton potentiometer. 
L — 440-510 kc.: 140 turns No. 30 enameled, elo,e-

wound on M-inch diameter plug-in form. 
Cathode tap 35 turns from ground end. 

1400-1550 kc.: 42 turns No. 20 d.s.c. tapped 10 
turns from ground. 

4500-5500 kc.: 11 turns No. 18 enameled, turns 
spaced diameter of wire, tapped 3 turns f  
ground. 

RFC: — 2.5-mh. r.f. choke. 
RFC:2— 25-mh. rd. choke. 

1-11(4.—"° 
'OUTPUT 

arc, 1--0 

The suppressor grid is biased 10 volts negative 

for modulated use; if an unmodulated signal is 
desired, the upper terminal may be grounded 
as indicated. This will increase the output from 

the oscillator. Conversely, if the output po-
tentiometer does not attenuate the signal 

sufficiently, additional d.c. negative bias may 
be applied between the modulation terminals. 

In aligning a receiver it is important that the 
test signal be prevented from entering circuits 
where it can cause false indications. This will 
occur if the signal can enter the receiver by any 

other means than through the output leads 
from the test oscillator. The test oscillator must 
be thoroughly shielded, and the output lead 
likewise should be a shielded cable with the 

center wire the " hot" lead. Make all ground re-

turns to a heavy copper strap connected to the 
cabinet at the output ground terminal. The 
plug-in coil should be separately shielded. 

The i.f. ranges of the test oscillator can be 
calibrated by beating against signals of known 

frequency in the b.c. band. Frequencies be-
tween 465 kc. and 275 kc. can be spotted by 
using the second harmonic of the oscillator, 
the remainder of the range to 175 kc. being 
checked by using the third harmonic. 
The a.f. modulating source for the test oscil-

lator can be any audio oscillator capable of 
delivering 10 to 20 volts at the standard 
receiver-checking frequency of 400 cycles. 
A useful audio-oscillator circuit is shown in 

Fig. 1927. It employs a two-terminal or " tran-
sitron " circuit using a pentagrid tube. A fre-
quency of approximately 400 cycles is gen-
erated with the tuned-circuit values shown. 
The frequency may be changed by substituting 
a different value for C1; several values of 
capacitance may be arranged to be selected by 

a switch so that an assortment of frequencies 
is available. 

Fig. 1927 — Simple negative-resistance audio oscillator. 
Ci — 0.15-pfd. 400-volt paper. 
C2 — O. 400-volt paper. 
CS — 0.25-pfd. 200-volt paper. 
RI, R2 — 50,000 ohms, 1 watt. 
113— 50.000-ohm volume control. 
Li — 1.2-henry choke (Thor(Iarson T-14C61 with iron 

core removed). 
T — Output transformer (Mterstage audio, 1:3 ratio). 

([ Antenna Measurements 

Antenna measurements are made for the 
purpose (a) of securing maximum transfer of 
power to the antenna from the transmitter, 
and (b) of adjusting directional antennas to 
conform with design conditions. Related to 

measurements of the antenna system proper is 
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the measurement of transmis-
sion-line performance. 

Checking the transmission 
line for standing waves can be 
done by measuring the current 
in the wires, using a device of 
the type pictured in Fig. 1928. 
The hooks (which should be 
sharp enough te ettt through' 
the insulation, if any, on the 
wires) are placed on one of the 
wire; the spacing between them 
being adjusted to give a suit-
able reading on the meter. At 
any one position along the line 
the currents in the two wires 
should be identical. Readings 
taken at intervals of a quar-
ter wavelength will indicate 
whether or not standing waves 
are present. 

Field-intensity meters— In 
adjusting antenna systems for 
maximum radiation and in determining radia-
tion patterns, use is made of field-intensity me-
ters. Fundamentally the field-intensity meter 

LICHT VeeeN 

"i1VIRr." 

_et28R PT O-Rts 
Fig. 1928 — Line. 
current measuring 
device for check-
ing standing waves 
on transmission 

o-OSO sc.vt lines. 

consists of a small pick-up antenna and an indi-
cating device such as a rectifier and micro:tin-
meter or a vacuum-tube voltmeter provided 
with a tuned input circuit. It is used to indi-
cate the relative intensity of the radiation 
field under actual radialiw conditions. It is 
particularly useful on the very-high frequen-
cies and in adjusting directional antennas. 
Field-intensity checks should be made at 
points several wavelengths distant from the 
antenna and at heights corresponding with 
the desired angle of radiation. 
The absorption frequency meters shown in 

Figs. 1905 and 1908 may be used as field-
strength meters if provided with pick-up an-
tennas. However, it is convenient to have 
the indicating device separate from the actual 
pick-up. This arrangement allows the pick-up 
unit to be set up out in the field to pick up 
radiation from the antenna under test, while 
the meter unit is near where adjustments are to 
be made. Antenna adjustment thus becomes a 
one-man job. The unit shown in Figs. 1929-
1931, inclusive, is in two sections, one contain-
ing the usual tuned circuit, crystal rectifier, 
and antenna connection, and the other housing 
a microammeter for registering the rectified 
current from ths crystal- The two units are 

Fig. /929 — Remote-indicating field,trength meter, coni:ting of an r.f. 
pick-up and rectifier unit, and a meter unit. The knob oil the left side of 
the meter unit is the switch for the shunt. On the pick-up unit the two con-
trols are the bandswitch (left) and tuning. The knob at the right is for the 
resistor-shorting switch. 

fitted with matching plug and socket, permit-
ting them to be used toget her, or they may be 
interconnected by means of a cable which can 
be any length up to several hundred feet. Three 
coils are used, so that measurements may be 
made on 28, 50, and 144 Mc. with the snap of a 
switch. A resistor is inserted in series with the 
crystal and meter, to lessen the loading effect 
on the tuned circuit and to make the response 
of the crystal more linear with variations in 
radiated power. As the resistor reduces the 
sensitivity somewhat, a switch is provided to 
short it out in case measurements are to be 
made with extremely low power or at large 
distances from the transmitting antenna. A 

RFC, 

C3 

RFC, 

▪ lamp card or COQX 
<My LiCJIled 

JP-2-o® Pt 
Fig. 1930 — Wiring diagram of the remote-indicating 
field-strength meter. • 
• 25-aufd. midget variable. 
C2, C3— 0.001-aftl. mica. 
RI — 1000 ohms, .4 watt. 
R2 — 250 ohms, 4 watt. 
• 28-Mc. coil — 7 turns No. 22 enamel, X inch 

long, on 3%-inch dia. form (National PRF-1). 
— 50-Mc. coil — 6 turns No. 22 enamel, X inch 

long, on 9/16-inch dia. form ( National PRE-1). 
La3 — 144-Mc. coil — 3 turns No. 18 enamel, X inch 

long, X-inch dia., self-supporting. 
J1, Ja — Universal receptacle, two-pole retainer-ring 

type (Amphenol 61-F). 
MA — 0-100 microammeter (0-500 microammeter or 

0-1 milliammeter may be used, with reduced 
sensitivity). 

Pi, P2 Polarized plug, two-pole retainer-ring type 
(Ampltenol 61-MP). 

Si — 3-position wafer-type switch. 
Sz, Sa — S.p.s.t. snap switch. 
RFC', RFC2— 2.5 mh. choke (National R-100). 
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shorting switch and 
ci nmeeting plug are 
mounted on the top 
panel. permittingeasy 
wiring of the assem-
bly. The intercon-
necting plug and 
socket are the po-
larized type, with 
one prong On the 
plug slightly larger 
t han the other. The 
plug %yin tit a stand-
ard a.e. outlet, so 
t he interconnect ing 
cable (ordinary rub-
ber-covered lamp 
cord) doubles as a 
long a.c. extension 
cord when not in 

Fig. 1931— Inside view of the two units of the remotedndiesting field-strength meter. use for its intended 
purpose. 

100-microampere meter is used to give high The antenna connection is a steatite feed-
sensitivity, and a shunt is available to multiply through bushing fitted with a " banana plug" 
the range of the meter by three. This shunt is socket. A convenient pick-up antenna is made 
also provided with a switch so that low or by drilling and tapping a U-itich rod for 6/32 
high readings can be taken without making a thread to take the threaded end of a banana 
trip to the pick-up unit. The crystal is the plug. The length of the antenna will vary the 
IN21 type. Germanium crystals ( 1N34) also sensitivity of the unit. If measurements are 
may be used with good results, to be made with high power levels, a rod 
The two units are housed in 2 by 4 by 4-inch a few inches in length will suffice, but for or-

steel boxes with front and back removable. dinary work a length of 24 inches or so will 
In the pick-up unit all parts except the resistor be about right. 
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EL Inductance and Capacity 

Inductance (L)— The formula for com-
puting the inductance of air-core coils is: 

0.2 a2n2  
L = 3a -I- 96 -I- 10c 

where a is the mean diameter of the coil in 
inches, b is the length of the winding in inches, 
c is the radial depth of the winding in inches, 
and n is the number of turns. The quantity c 
may be neglected if the coil is a single-layer 
solenoid. 

For example, assume a coil having.35 turns 
of No. 30 d.s.c. wire on a form 1.5 inches in 
diameter. Consulting the wire table (page 
416), 35 turns of No. 30 d.s.c. will occupy 0.5 
inch. Therefore, a -= 1.5, b = 0.5, n = 35, and 

0.2 X ( 1.5)2 X (35)2 
L = 61.25 igh. 

(3 X 1.5) A- (9 X 0.5) 

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

N _ \ i3a Ob 
O.2e X L 

Straight round wires: 
To calculate the high-frequency inductance of 

a straight, round wire: 

L = 0.00508 1 (2.303 logm 41— 1) 
7 

/ = length in indics 
d = diameter in inches 
L = inductance in microhenrys 

Condenser capacity (C)— The formula for 
determining the capacity of a condenser is: 

C = 0.224 A (n — 1) Apfd. 
d 

where A is the area of one side of one plate in 
square inches, n is the total number of plates, 
d is the separation between plates in inches, 
and K is the dielectric constant ( = 1 for air; 
see the table on page 415 for values for other 
materials). 
The dielectric constant is the ratio of the 

capacity of a condenser with a given dielectric 
to its capacity with air dielectric. 

ABBREVIATIONS 

Alternating current 
Ampere (amperes) 
Amplitude modulation 
Antenna 
Audio frequency 
Centimeter 
Continuous waves 
Cycles per second 
Decibel 
Direct current 
Electromotive force 
Frequency 
Frequency modulation 
Ground 
Henry 
High frequency 
Intermediate frequency 
Interrupted continuous waves 
Kilocycles (per second) 
Kilovolt. 
Kilowatt 
Magnet,omotive force 

FOR ELECTRICAL AND RADIO TERMS 

a.c. Medium frequency ni. f. 
a. Megacycles (per second) Mc. 
a.m. MegOlIM Mu 

ant. Meter in. 
a.f. Microfarad mfd. 
cm. Mieroheary ph, 
c.w. Micromicrofarad icitfd. 
c.p.s. Microvolt gV. 

db. Microvolt per meter gV/111. 

d.c. Microwatt ¡LW. 

e.m.f. Milliampere ma. 
f. Millivolt mv. 
f.m. Milliwatt mw. 
gnd. Modulated continuous waves m.c.w. 
h. Ohm S2 
h.f. Power P. 
if. Power factor P•L 
i.c.w. Radio frequency r.f. 
kc. Ultrahigh frequency tt.h.f. 
kv. Very-high frequency v.h.f. 
kw. Volt (volts) v. 
m.m.f.• Watt (watts) w. 
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11 RMA Radio Color Codes 

Standard color codes have been adopted by 
the Radio Manufacturers Association for the 
ready identification of values and connections 
for standard components. 

RESISTOR-CONDENSER COLOR CODE 

Significant Decimal Tolerance Voltage 
Color Figure Multiplier () Rating * 

Black 0 I — — 
Brown 1 10 I* 100 
Red 2 100 2* 200 
Orange 3 1000 3* 300 
Yellow 4 10,000 4* 400 
Green 5 100,000 5* 500 
Blue 6 1,000,000 6* 600 
Violet 7 10,000,000 7* 700 
Gray 8 100,000,000 8* sae 
White 9 1,000,000,000 0* 900 
Gold — 0.1 5 1000 
Silver 0.01 10 2000 
No color — — 20 500 

*Applies to condensers only. 

• 

Mica condensers: 

If one row of three colored markers appears 
on the condenser, the voltage rating is 500 
volts and the capacity is expressed to two sig-
nificant figures, in micromicrofarads, as fol-
lows: First dot on left, first significant figure. 
Second dot, second significant figure. Third 
dot, decimal multiplier. 

Example: A condenser has one row of col-
ored markers, as follows: brown, black and 
brown. Its capacity is 100 itafd. 
When two rows of three colored markers ap-

pear on the condenser the top row represents 
the significant figures, reading from left to 
right; the bottom row indicates the decimal 
multiplier, tolerance and voltage rating, read-
ing from right to left. Capacity is in eiofd. 
Example: A condenser has two rows of col-

ored markers, as follows: Top row: left, brown; 
center, black; right, no color. Bottom row: 
right, brown; center, green; left, blue. Its ratings 
are 100 lafd.; ± 5%, GOO volts. 

Tubular condensers: 

Two groups of colored bands are used on 
tubular condensers. Viewed with the wide 
bands on the right, the wide bands indicate 
significant figures ( from left to right); narrow 
bands. indicate the decimal multiplier, toler-
ance and voltage rating, ...from right to left, 
respectively. 

Resistors: 

Values of resistance and tolerances are indi-
cated by colored dots, bands or stripes on the 
resistor. 
Two types of resistors are commonly used, 

one having radial and the other axial leads. The 
following illustration shows the two types of 
resistors and the system of identification. 

Color Radial leads Axial leads 

Body A 
End B 
Band C 

(or dot) 
Band D 

Band A 
Band B 
Band C 

Band D 

Indicates first significant figure. 
Indicates second significant figure. 
Indicates decimal multiplier. 

Indicates tolerance in per cent. 

Lf. 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. 

Af. transformers: 

Blue — plate (finish) lead of primary. 
Red — " I3" + 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. 

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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INDUCTANCE, CAPACITY AND FREQUENCY CHART — 1.5-40 MC. 

50  

40  

30 

1.5  200 

-- 90 
—_   -,_--_ ..L.-- 100 

-•:,- 
20  =-80 a--_  90 =-"--_ 

z-r-_-
1-"--= 

 200 

 ISO 

15  

_ 
.._. u.. --

- 0 6 50 
v) 
0 

(r) _ k v) 
u..1   

2 to —,, 2 
, ----------------- vi- --- -  _ Z 40 11.1 

0 8 -P.,_-• I-
E-.-_  .', _ L.Li 

9 -__-= ., 
0 =_--..7- „, . i 9 -1- I 
cc 8  --_.-_= ,,,, — u-
o • al 10 30 
_ '`. 

2 7 = ------ '`,. C.) -.),1 

e--v., 4   . 
tu  70 

-7--
Ll — 

0 5 f._-'- GO 
,J 

-.... _-
..,--
-,--

5 =-

4 — 

=I 

3  

2— 

u S-

U-I 

15 20 '• 

-C 

20 15 

25 
Zr 

30 10 

 9 

35 -.-... 

40 

E_--

=---

Zr_ 

80 

70 

6 

50 

40 

30 

20 

15 

10. 

9 

M
I
C
R
O
 M
I
C
R
O
F
A
R
A
D
S
 

This chart may be used to find the values of inductance and capacity required to resonate at any given frequency 
in the medium- or high-frequency ranges; or, conversely, to find the frequency to which any given coil-condenser 
combination will tune. In the example show n by the dashed lines, a condenser has a minimum capacity of 15 µpa 
and a maximum capacity of 50 µµfd. If it is to be used with a coil of 10-ph. inductance, what frequency range will be 
covered? The straight-edge is connected between 10 on the left-hand scale and 15 on the right, giving 13 Mc. as the 
high-frequency limit. Keeping the straight-edge at 10 on the left-hand scale, the other end is swung to 50 on the 
right-hand scale, giving a low-frequency limit of 7.1 Mc. The tuning range would, therefore, he from 7.1 Mc. to 13 
Mc., or 7100 ke. to 13,000 kc. The center scale also serves to convert frequency to wavelength. 
The range of the chart can be extended by multiplying each of the scales by 0.1 or 10. in the example above, if 

the capacities are 150 and 500 pad. and the inductance 100 µh., the range becomes approximately 231 to 422 meters 
or 0.7 to 1.3 Mc. Alternatively, 1.5 to 5 µpa and 1 uh. will give a range of approximately 71 to 130 Mc. 
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By Inge of the chart above, the approximin e reactance of any capacity friiin 1.0 aufil. to 10 , fil. at any frequency 
front 100 cycles to BM megacycles, or the reactance of any inductane:. from 0.1 ph. to 1.0 henry, can be read di-
rectly. Intermediate values can be estimated by interpolation. In making interpolation ,, retinentlit.r that the rate of 
change betmeen hoes i.: logarithmie. se the frequency or reactance scales as a guide in estimating intermediate 
values on the capacity or 

This chart also van be used to find the approximate resonance fretplendes of LC coni biticit iiiva. or the frequency to 
which a given roil and condenser combination will t une. First locate tice respective slanting lines for the capacity and 
inductance. The ;mint where they intersect, i.e., e1 here the reactances are equal, is the resonant frequency (projected 
downward and read on the frequenej scale). 
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Table of Dielectric Characteristics 

Dielectric 
material 1 

Dielectric 
constant 

(K.) 

Power factor Dielectric 
strength 

(puncture 
rollage) 2 

Volume 
3 rem:Wily (o) 00 

metes 
1 kc. I Mc. 10 Mc. 100 Mc. 

Air (normal pressure)  1.0 19.8-22.8 
AlSiMag A196   ' 7-6.3 2.9 0.21 0.15 240 1014 
Aniline formaldehyde   3-5 126 ' 400 
Asphalts  2.7-3.1 3 2. 25-30 
Bakelite - See Phenol 
Beeswax  "1.9-3.2 
Casein plasties 4  6.1-6.4 5.2-6 165 
Castor oil  4,3-4.7 7 380 
Celluloid  4-16 5-10 
Cellulose acetate 5  6-8 3-6 4-6 4-6 5.5 300-1000 4.5 x10,0 
Cellulose nitrate°  4-7 2.8-5 300-.780 2-31) X 10e 
Ccresin wax  2.5-2.6 0.12-0.21 
Cresol fornialdehyde   6 10 400 
Dilectene  3.57 0.33 
Ethyl cellulose   '-2.7 0.7 1.2 1.5 1300 10 15 
Fiber  5-7.5 4.5-5 150-180 5 x lo9 
Formica MF-66  4.6-4.9 1.5 1.1 450 
Glass: 
Cobalt  7.3 0.7 
Conimon window  7.6-8 1.4 200-250 
Crown  6.2-7 1 I 3 500 
Electrical  4-5 0.5 2000 8 X 10 14 
Flint  7-10 0.45 0.4 
Nonex  4.2 0.25 0.28 
Photographic  7.5 0.8-1 
Plate  6.8-7.6 0.6-0.8 
Pyrex  4 . ')-4 .9 0.5 0.7 0.54 335 10" 

Gut to. percha  2.5-4.9 200-500 5 x10'4-1015 
Lucite 7   2.5-3 7 5 1.5-3 1.9 481)-300 
Melamine formaldehyde   8 16 300 
Aric-t 2.5-8 0.2 0.3 0.2-6 0.02 2 X 10" 
Mica (clear India)  6.4-7.5 2 2 2 2 600-1300 
Mycalex  7.4 0.18 250 10" 
Mycalex ( British)  6 0.3 350 
Mykroy  6.5-7 0.1-0.2 630 
Nylon  3.6 2.2 
Paper  2.0-2.6 1250 
Paraffin wax (solid)   1.9-2.6 0. 1-0.3 300 10 15-101° 
Peinque  7.21 0.2 
Phenol: e 
Pure  5 1 400-475 1.5 X 10 13 
Asbestos base  7.5 15 90-150 
Black molded  5-5.5 3.5 400-500 
Fabric base  5-6.5 3.5-11 150-500 
Mica-filled  5-6 0.8-1 475-600 
Paper base  3.8-5.5 2.5-4 650-750 1010-1013 
Yellow  5.3-5.4 0.36-0.7 500 

Polyethylene  2.3-2.4 0.02 0.02 0.02-0.05 1000 1017 
Polyindene  3 0.04 
Polyisobutylene  2.4-2.5 0.04-5 0.05 500 wte 

Polystyrene 9  2.4-2.9(2.6) 0.02 0.018 0.02 0.02 0.02 500-2500 1020 
Porcelain (dry process)  6.2-7.5 0.7-15 40-100 5 x ios 
Porcelain (wet process)  6.5-7 0.6 150 
Pressboanl (untreated)  2.9-4.5 125-300 
Pressboard (oiled)  5 7.50 
Quart z (fused)  3.5-(3.8) 0.01 0.01 0.015-0.03 0.01 0.05 200 1014-1015 
Rubber (liard)to  2-3.5(3) 0.5-1 450 1012-1015 
Shellac  2.5-4 0.09 900 1016 
Steatite: 11 
"Commercial" grade  4.9-6.5 0.02 0.2 0.2 0.4 0.5 
"Low-loss" grade  4.4 0.02 0.2 0.2 0.18 0.13 150-315 1014-1015 

Titanium dioxide 12  90-170 0.1 0.1 
Urea formaldehyde 13  .5-7 3-5 2-3 2-4 4 300-550 1012-1013 
Varnished cloth"  2-2.5 2-3 440-550 
Vinyl resins  4 A 1.4-1.7 400-500 1014 
Vitrolex 6.4 0.3 
Wood (dry oak)  2.5-6.8(3) 3.8 4.2 
Wood (paraffined maple)  4.1 115 

1 Most data taken at ze C. 
2 Puncture voltage, in volt per mil. Most data applies 

to relatively thin sections and cannot be multiplied directly 
to give breakdown for thicker sections without added safety 
fartor. 
3 In ohm-roi. 
4 Includes such products as Aladdinite, Ameroid, Oalalith, 

Erinoid, Lactoid. etc. 
Incluiles Fibestas, Lumerith, Nixonite, Plaeacele, 

Tenite, etc. 
6 Includes Amerith, Nitron, Nixonoid, Pyralin, etc. 
Methylmethacrylate resin. 

8 Phenoluldelydo products include Aerolito, *Bakelite, 

Catalin, Celeron, Dielecto, Du ez, Durite Formica, Gem-
stone, lIeresite, lndur, Makalot Marblette, Miearta, Opal-
on, Pryst al, Resinox, Synt liane, Textolile. etc. Yellow bake-
lite is so-called " low-loss" bake ite. 

Includes Amphenol 912%, Distrcne, Intelin IN 45, 
Loalin, Lustron, Quartz Q, Rezoglas, Rhodolene M, Ronilla 
L, Styraflex, Styron, Trolitul, Vietron, etc. 

16 Also known as Ebonite. 
11 Soapstone - Alberene, Alsimag, lsolantite, Lava, etc. 

Rutile. Used in low temperature-coefficient fixed con-
densers. 
" Includes Aldur, Beetle, Plaskon, Pollopas, Prystal, etc. 
34 Includes Empire cloth. 



COPPER-WIRE TABLE 

Gauge 
No. 

B. R.: S. Sub 1 

Diam. 
in 

Circular 
Mil 
Area 

Turns per Linear Inch 2 Turns per Square Inch 2 Feet per Lb. 

Enamel S.C.C. 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

289.3 
257.6 
229.4 
204.3 
181.9 
162.0 
144.3 
128.5 
114.4 
101.9 
90.74 
80.81 
71.96 
64.08 
57.07 
50.82 
45.26 
40.30 
35.89 
31.96 
28.46 
25.35 
22.57 
20.10 
17.90 
15.94 
14.20 
12.64 
11.26 
10.03 
8.928 
7.950 
7.080 
6.305 
5.615 
5.000 
4.453 
3.965 
3.531 
3.145 

83690 
66370 
52640 
41740 
33100 
26250 
20820 
16510 
13090 
10380 
8234 
6530 
5178 
4107 
3257 
2583 
2048 
1624 
1288 
1022 
810.1 
642.4 
509.5 
404.0 

254.1 
201.5 
159.8 
126.7 
100.5 
79.70 
63.21 
50.13 
39.75 
31.52 
25.00 
19.83 
15.72 
12.47 
9.88 

7.6 
8.6 
9.6 
10.7 
12.0 
13.5 
15.0 
16.8 
18.9 
21.2 
23.6 
26.4 
29.4 
33.1 
37.0 
41.3 
46.3 
51.7 
88.0 
64.9 
72.7 
81.6 
90.5 
101 
113 
127 
143 
158 
175 
198 
224 
248 
282 

18.9 
21.2 
23.6 
26.4 
20.4 
32.7 
36.5 
40.6 
35.3 
50.4 
55.6 
61.5 
68.6 
74.8 
83.3 
92.0 
101 
110 
120 
132 
143 
154 
166 
181 
194 

D.S.C. 
or 

S.C.C. 
D.C.C. S.C.C. 

Enamel 
S.C.C. D.C.C. Bare D.C.C. 

Ohms 
per 

1000 ft. 
25° C. 

Current 
Carrying 
Capacity 

at 
1500C.M. 

per 
Arne 

Diem. 
in mm. 

Nearest 
British 

No. 

7.4 
8.2 
9.3 
10.3 
11.5 
12.8 
14.2 
15.8 
17.9 
19.9 
22.0 
24.4 
27.0 
29.8 
34.1 
37.6 
41.5 
45.6 
50.2 
55.0 
60.2 
65.4 
71.5 
77.5 
83.6 
90.3 
97.0 
104 
111 
118 
126 
133 
140 

7.1 
7.8 
8.9 
9.8 
10.9 
12.0 
13.8 
14.7 
16.4 
18.1 
19.8 
21.8 
23.8 
26.0 
30.0 
31.6 
35.6 
38.6 
41.8 
45.0 
48.5 
51.8 
55.5 
59.2 
62.6 
66.3 
70.0 
73.5 
77.0 
80.3 
83.6 
86.6 
89.7 

87.5 
110 
136 
170 
211 
282 
321 
397 
493 
592 
775 
940 
1150 
1400 
1700 
2060 
2500 
3030 
3670 
4300 
5040 
5920 
7060 
8120 
9600 
10900 
12200 

84.8 
105 
131 
162 
198 
250-
306 
372 
454 
553 
725 
895 
1070 
1300 
1570 
1910 
2300 
2780 
3350 
3900 
4660 
5280 
6250 
7360 
8310 
8700 
10700 

80.0 
97.5 
121 
150 
183 
223 
271 
329 
399 
479 
625 
754 
910 
1080 
1260 
1510 
1750 
2020 
2310 
2700 
3020 

3.947 
4.977 
6.276 
7.914 
9.980 
12.58 
15.87 
20.01 
25.23 
31.82 
40.12 
50.59 
63.80 
80.44 
101.4 
127.9 
161.3 
203.4 
256.5 
323.4 
407.8 
514.2 
648.4 
817.7 
1031 
1300 
1639 
2067 
2607 
3287 
4145 
5227 
6591 
8310 
10480 
13210 
16660 
21010 
26500 
33410 

19.6 
24.6 
30.9 
38.8 
48.9 
61.5 
77.3 
97.3 
119 
150 
188 
237 
298 
370 
461 
584 
745 
903 
1118 
1422 
1759 
2207 
2534 
2768 
3137 
4697 
6168 
6737 
7877 
9309 
10666 
11907 
14222 

.1264 

.1593 

.2009 

.2533 

.3195 

.4028 

.5080 

.6405 

.8077 
1.018 
1.284 
1.619 
2.042 
2.575 
3.247 
4.094 
5.163 
6.510 
8.210 
10.35 
13.05 
16.46 
20.76 
26.17 
33.00 
41.62 
52.48 
66.17 
83.44 
105.2 
132.7 
167.3 
211.0 
266.0 
335.0 
423.0 
533.4 
672.6 
848.1 
1069 

55.7 
44.1 
35.0 
27.7 
22.0 
17.5 
13.8 
11.0 
8.7 
6.9 
5.5 
4.4 
3.5 
2.7 
2.2 
1.7 
1.3 
1.1 
.86 
.68 
.54 
.43 
.34 
.27 
.21 
.17 
.13 
.11 
.084 
.067 
.053 
.042 
.033 
.026 
.021 
.017 
.013 
.010 
.008 
.000 

7.348 
6.544 
5.827 
5.189 
4.621 
4.115 
3.665 
3.264 
2.906 
2.588 
2.305 
2.053 
1.828 
1.628 
1.450 
1.291 
1.150 
1.024 
.9116 
.8118 
.7230 
.6438 
.5733 
.5106 
.4547 
.4049 
.3606 
.3211 
.2859 
.2546 
.2268 
.2019 
.1798 
.1601 
.1426 
.1270 
.1131 
.1007 
.0897 
.0799 

1 
3 
4 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
29 
30 
31 
33 
34 
36 
37 
38 
38-39 
39-40 
41 
42 
43 
44 

1 A mil is 1/1000 (one thousandth) of an inch. 
2 The figures given are approximate only, since the thickness of the insulation varies with different manufacturers. 
3 The current-carrying capacity at 1000 C.M. per ampere is equal to the circular-mil area (Column 3) divided by 1000. 
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In the tables on pages 426-459 will be found essential characteristics and I ypieal operating data for U.S.-made 

standard recch'ing. transmitting and mpecial-purpose vacuum tubes. Base diagrams are shown on pages419-425. 
For convenience in locating ty pes the index helm, it diem in numerical-alphabetical order milli the page on which 
data is to be found. The hase-diagrant number for each tulle follows the page number. N% hen a tube appears in more 
than one table it is listed In ice. 

Type Pape lime Type Page Base Pave Base Page ¡lutte 
00-A  437 41) 2E36  437 .- Type 651)70 . 427 851'   413'5age81.1314." 

2E42  6514521.. 427 62/ Type 1122T(':11PSP4e  443 457 0I-A  437 41) 437 - 66s$211177  426 811K 
052  441 580 2(15 432 OR 6A1411G .... 427   427 814K 7511 641171..   428 Fig. 41 121)P4 . . . 443 5AN 

053  441 4AJ 2022 437 -- 65E7( l'1'. 428 7AX 64.17  427 8X 12E5GT . .A4G  441 4V 411 51) 65751: 427 8X 435 6(2 
11 
11112 ....   441 5110 2$/-1S  T 428 6Q 6,J7Y  2V3C  444 - ini! 6.51,611. . . . 430 750 6SK7 . .... 427 8N 121,.:it 1T . . 435 5M 1122; 1167G ... 435 7V 

7 11 4AJ 2W3  444 4 X 651,70, .... 428 SAG 64L71;T .. . 428 8111) 
0C3  441 452 2X2  444 .1513 6505  440 7141) 64N7GT ... 12.150T... 428 8111)   435 72/ 435 6(2 
01)3  441 452 2Y2  444 4511 6A(160 642/7  64127  427 82/ 428 78 1227GT... 435 7It 
1./Y4  444 41W 27.2  444 413 65(17   420 81( 121:7(1T.. 435 711 
07.4  444 4R 354  439 71313 6AlLír; .... 428 OAP 6664.4177 ...... 444222777 888t2e>i 1•11" 8   
07.4A  445 412 3A4  3A5 465 713B 6AH7GT. 428 8104 435 SK 121.3(1T ... 435 81511 
1  444 40 355 4311 71.3C í  440 7PM 6:12:70TY . 428 810) 12(27(1T. .. 435 7V 
153  439 4AP 6527  4-6 8N   427 7AI. 427 821 12457  446 ?BC 435 811. 
1547  432 4M 3580T . 437 85$ 440 71(1) 68$8 7.V77  12417  
1A4T  432 414 API  442 7AN 65.K5  65E6.  4411 711K 6T5  431 612 1241,5 ..... .413355 6814511 
IA50   433 6X. IBSOT. 437 7AP 65147   .. 06 61 611:11.... 429 07. 1241,7.... 435 757. 
156  432 6 L 137 434 716E  440 613T 6T1  .41:2171 671Vt 1241:7 ..... 435 81114 
1A7G  433 77. 1124  1125  651.5  444 T-45 651.6G.   428 6AM 61 15  124117  

444 47 651..7( ;T ... 42/2 8(11 12427   :11:1366 881\1111( 15115  434 51117 62;621T .... 429 7M 1 
440 713.1   429 71t 1114P  432 4M 1326  44.1 Fig. 31 6A Nii   4411 Fig. $8 60‘1, 171(1 12$K7 . .. . 4:16 851 

113.,  432 IIM 1171  442 145 65225  427 7AC 1241.7GT 436 8111) 
11170   434 77. ( '50 r ... . 438 752,1 115116  440 714T   429 7V 124X7DT 436 8111) 
1113(1T .... 434 85W ( 76  438 711W 65(27(1T. 428 8114 -. 4' 82,1 
11147  441 • -   452 Fig. 311 65116   •12$ 61322   444 64 686%4\‘«;7t5(9(': T. . 429 7521 124117  

44r6 88(1t 11148  444 • - C23  .. 441 30 6AR7(;T . . . 423 8(20 1281'7  
1(50   434 OX C24  447 •' 1) 6  5.6  441) ""( 'N 6135\V47i;     44.211.: 714. 39 1122771  444 40 
120...... 432 61. C28  447 Fig. 56 6547( T... 425 Fig. 43 6X5 .. .. 444 6$    444 71. 
1157  433 77. (734  447 3G 51"  440 713T 110  411 6.1 429 751. 14.14   41:,0 A 36 654AC 
12721   441 4V ('37  453 - 651 ,6   44)1 711K 681N. 5 14 A5  

1457   11)5(;P . . . . 433 5Y 1)6.. 434 61111 429 75(1 44166 87AVe  
1D5GT .... 433 Mt 1)21 61140   457 Fig. 54 613 ,, 428 54 1144357(7  
11)70   4:33 77. DPI   442 Fig. 49 6136(1   110 658 6615:1 (1 ;  

1144N1177  436 8V 11)80T . . . . 434 8AJ F2   457 7117 •4118e IL)   4:11.1.4: 485:11) 
1E4G   434 514 1E71  442 115 6137  

426 31.,; 667743  
  444 (11: 

1111(1e.   430 SAR 
436 SAC 

1E507. . .. 433 5V (171  442 115 66111158 6  6B1)6  440 7C21 429 8It   4:gi 851. 
1E70   433 Zie JP1  442 1413 6677'7511  440 Fig. 30 OZY5(.... 444 6$ 436 8514 
1E4  432 5h IKPI  442 1151 611E6  440 7C11 754  4211 551 1 11418‘ 77  436 8111 

440 6110 4211 fiA A 
429 752 I4W7   

11,5G  433 OX 438 6135 6( '4    436 8V 
436 8112 176  432 6W 1E4  438 61311 6e5  li(li) (tiV 7A  5  7A13  

1770V .. 433 7AD LF4  (44 41.) 7135 6('6 430 , 0 7A7  429 8V 1-1Y4  
1040  433 5$ (15GT. .. 433 751. 6C7  .58  429 SU 444 5511 
105G  433 6X 44 43.) 7115 428 80 li5.411.ei    444 4G   438 Fig. 5 111.73 .1'13 57 
1G6G  434 7AB tV4. 439 614X 6609u    441 5AY 4311 67 429 851.• 15E.... .. 447 T-4AF 
1114G  433 58 3-2553 . . 447 3(1 6D6  430 7H 75(17   429 lie. 45 17  

442 5AJ 1H50  434 57. -251)3 .... 447 21) 6D7  Is «I t (31(1: 
11360  433 755 -5054 .... 448 3G 428 85 430 6R 7574  7114 PI 413 60 
1250  433 OX -501)4... 448 21) 661)E68G   .B•  44229,1 GAI: 211 43(4 41) 
1260  433 7513 -59G2 . . 449 21) 6E6  430 711 7136  429 SW 20.13(151 ... 436 811 
1L4  439 OAR -7552 . 45)) 21) 6E7 4'111 7H 
11.54  434 5AD -75A3 . . 450 81' 21) 428 80 

  429 8 X 2157  436 MAR ',2 4(4 
IILA6  434 7AK -100 A2 . 451 21) 68FE4 71171   442 55 N 438 71112 7711178  429 8V 
1LB4  434 551) 10054 . .. 451 21) 61,4  446 71312 724 ill 4511 24-5   21 4515, 22 -41--1xf i i    44447i 2)64). I 
11136  434 85 74 IX-1on511. 452 6F5  426 5M 7( 75  429 655 
1 LC5  434 7A0 1-151(52 . 453 4BC  61,6  426 7:4 429 8W 4211 8V 436 74 
11.(76   434 7AK )-15053 . . 453 41)C 61'6  456 7$ 7Cli  

7(17  2556  25570   436 87 
11,D5  434 6AX X-15053.. 453 617  431 7F.: 7( 771  443 657. 25571; . . . . 444 87 
1 LE3  434 4AA -25052. 454 'U-3517 6781;  428 80  4211 8512 2551 • 5G . . . 436 62/ 
1 LG5  434 lelg. 42 -25054 . 454 T-35( ' 60' 43 71)74 1 OR   443 FIg. 46 25145.... . 16 61) 
1LH4  434 SAG -30052 . 455 T-4117 6061'  428 78 71/7  

7E5  438 811M 251160  416 7:4 1LN5  434 750 -30053 . 455 T-4111.' RH« er . 426 5A 1r 439 SW 25118GT . . . 436 81' 
1N5G  434 5Y 4.460  4•48 8 L 6115  411 6It 771E:171  

  429 8M: 2.1(3411 .... 436 7M73 156C  434 7AM 4132  454 T-3AC 6H6  426 7Q 429 85( 251)8G T . .. 436 '(Al 
1750  434 5Y 42.'34  454 T-3 AC 6113(1  428 8E 71,8  • 4,9 814W 251  6  436 7AC 
1(250  434 65F 4C36  45, Fig. 56 624  440 71121 426 6Q 707  4,9 SV 
1R4  434 4511 41)22 458 Fig. 50 6.15    4311 811V 25N611.... in p:,'11' 254  
1R5  430 1ST 41)32 VS Fig. 51 626  4411 7117 77887V  4.13 Fig. 47 25T ....... 447 321 
1$4  439 75V 4 7•,7  458 T-71'It 616  44 .130 SV 6 7117 7H7  25X 60T . . . 444 72/ 
185.. ..... 43J GAO 4-1255 .... 459 Fig. 27 617  426 712 727 430 SA It 25V40T... 444 5AA 
ISA6GT ... 434 OCA 4-2505 . ... 459 Fig. 27 628G  428 811 7K7  430 811F 2555  444 614 
113116GT . . . 434 OAF SAP!  442 11A 61(5(1'!'. 428 5U 7L7  43)) SV 2573 ... . 444 40 
11'4  439 OAR 5BP1  442 11A 428 78 7N7  44131)1 885A 211, 

431) 345E 2574  444 555 11'5(11. 434 OCI1 442 1413 66KK 67G    420 711 7Q7  444 1114 
1114  .1( 'PI  439 OAR 51,71  442 SAN 426 SK 71(7  4212 13(/ 430 8141.   444 72/ 1175  439 (113W 5HP1   442 115 6148  111.5(,  787  4:1t) SV 2575 22(r. (.1... ... 438 41) 
1-V  444 40 521>i  6L6  426 7AC 7T7  2657GT... 437 811(1 442 11E 

' 17.2  444 7(1B SLPI  442 11F 81.8  456 7A(.1 7V7 43)) 8V 27 4'32 55 
253  431 41) 5MP1   442 TAN 6L6GX. .. 456 7AC 7W"  430 8112 .137 8103 
254G   441 5$ 5R4(11'.... 444 5T 61.7  426 7T 428 .8 7X7 439 811% 444 5AB 
2A5  431 611 5R71.  442 Fig. 34 61116C    428 711 7Y4  444 5Alt 281).     433 4E 

-133 41) 256  431 60 3T4  444 51 77.4  444 5Alt 332,81)7.5  

257  431 7C 5T74  442 71g. 46 8111878T. . 428 RAU 9A1,4  443 051. 443 4A le 2 ..... ... 433 4E 
2AP1  442 1 ID 51140  444 5T• "   449 1.1g. 40 9(71'4  443 81112 21,7(rr . . . 4:37 87. 
2114  441 6(/ 5V40  444 51.' 6N4  446 Fig. 49 0271  
2136  432 72 5W4  444 5T 6X5  10 41": 40 
2B7  432 71) 5X3  444 4C 128 7.A1.1 101474  443 Fig. 48 2.1i1.7GT ... 141331 4% 

430 612 
80  

2C4  441 - 5X4C  444 5Q 68NN 7  426 811 111Y  446 41) 35/51   432 5E 
.138 47 21521  430 714H 51C3G  444 5T 428 60 11/12   555 ...... 437 6AA 

151.60  '2C21  446 713/1 514G  444 5(4 6750  428 711 12 413185 4711) 437 7AC 
21522  427 4AM 5Z3  444 4C 6P70  42s 8K 1122AA65  

  433 7AC 2C22  446 4AN1 57.4  444 51. 6P80  6050  441 55 
423 6Y 2025  446 4D 053  430 4D 6Q6C  
426 7V 4:15 7E 1:, r(1   448 30 

2C26A  446 41.313 6A4  430 513 6Q7  12A7  
12A"  444 71( i5W4  444484 25611A1)( L2 

2034  446 T-71)(.1 6A5G  427 6T 61260  42M 6AW 1258171... 43., 35 (573 . . .... 444 47. 
2C39  452 - 656.. 430 711 1 6Rd   4:.6 7V 1251170T.. 435 SHE : 1Z3LT .... 444 47. 
2C40  446 Fig. 19 6A7 4'30 7C 6S6UT . 428 6AK 126 711 1, 5P.1   44:3 651. 33557.7(4K;GT . . . 444 555 
2C43  446 Fig. 19 6A8  426 13A 6S7  12AT6  440 71417 1575(1  444 65D 
2021  441 711M 65135  430 OR 6880T . . . . 428 821B 12B6M.... -.1116. 80%\' 
2 F.5  432 611 6AB6G.... 427 7515 4213 13R 3fi  

65A7    443441 611 

2E22  457 51 6AB7  426 8N 681-47Y .... 431 8R 112211517751L... 435 SV 37  431 55 
2E24  456 7CL 65050.... 427 6Q 426 88 G 12148T... 435 sr is  
2E25  456 5132 13AC60. 427 7517 6SC7  6S1)7GT. 8 13111 42 121156  10/44   :21 fe 
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VACUUM-TUBE BASE DIAGRAMS 

The diagrams on the following pages show standard socket connections corresponding to the base designations 
given in the column headed "Socket Connections" in the classified tube data tables. Bottom views are shown 
throughout. Terminal designations are as follows: 

A = Anode P = Filament IS = Internal Shield PI = Starter-Anode S = Shell 
BP = Bayonet Pin G = Grid K = Cathode Poe = Beam-Form- TA = Target 
BS = Base sleeve II = Heater NC = No Comm- ing Plates • = Gas-Typc Tube 
D = Deflecting IC = Internal Con- tion RC = Ray-Control U = Unit 

Plate neetion P = Plate (Anode) Electrode Sil = Internal Shield 

Alphabetical subscripts 1), P, '1' and 1IX indicate, respectively, diode unit, pentode unit, triode unit or hetode 
unit in multi-unit types. Subscript M, 'I' or CT indicates filament or heater tap. 

Wherever the No. 1 pin of a metal-type tube in ' Fable I is shown connected to the shell, the No. 1 pin in the glass 
(G or CT) equivalent is connected to an internal shield. 

RMA TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations oit sockets are shown above. 
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RMA TUBE BASE DIAGRAMS 
Bottom views arc shown. Ter bbb tt al designations on sockets are given on page 419. 
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RMA TUBE BASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 419. 
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nun TUBE BASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 419. 

G Ga,, K G 
N, 

7R 

7W 

SAC 

SAL 

86V 

88C 

7.1 

75 

7X 

7PM 

BAD 

BAN 

SAW 

8BD 

77 

SAE 

7L 

7TH 

SAF 

Gz 
6, Gy 

Gs 
Pz J 6P0 p1 

8A0 

6.0 Gz Gs G3 Gy, 

PT Gz G, 
Ga 

SAX 

8DE 88F 

SAG 

8AR 8A5 

88 

888 



Miàcellaneou3 atta 423 

8 L 8t4 

Ga 

8K 

11A 11B 11 E 
ex 

F16.7 

RMA TUBE BASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 419. 
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SUPPLEMENTARY BASE DIAGRAMS 
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SUPPLEMENTARY RASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets arr given on page 411. 
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SUPPLEMENTARY "T" —  GROUP BASE DIAGRAMS 
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SUPPLEMENTARYT" — GROUP BASE DIAGRAMS 

Bottom views arc shown. Terminal designations ou sockets are given on page 419. 
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BASE TYPE — DESIGNATIONS 

The type of base used on each tube listed in the tables is indicated in the base column by a letter. 
The meaning of each letter is as follows: 

A = Acorn 
= Glass button miniature 

J Jumbo 
L = Lock-its 

M = Medium 
N = None or special type 
O = Octal 
S = Small 

W Wafer 

TUBE RATINGS 

The data in the classified tube tables are of 
two kinds, maximum ratings, and typical 
operating conditions. 
Vacuum tubes are designed to be operated 

within definite maximum (and minimum) 
ratings. These ratings are the maximum safe 
operating voltages and currents for the elec-
trodes, based on inherent limiting factors such 
as permissible cathode temperature, emission, 
and power dissipation in electrodes. In addi-
tion to the maximum ratings for each type, 
performance data are given in the form of 
typical operating conditions. 

In the transmitting-tube tables, maximum 
ratings for electrode voltage, current and dissi-
pation are given separately from the typical 
operating conditions for the recommended 
classes of operation. In the receiving-tube 
tables, because of space limitations, ratings 
and operating data are combined. Where only 
one set, of operating conditions appears, the 
positive electrode voltages shown ( plate, screen, 
etc.) are, in general, also the maximum rated 
voltages for those electrodes. 
The maximum ratings given for each trans-

mitting type apply only when the tube is 
operated at frequencies up to the specified 
maximum frequency for full rating as listed in 
the column so headed. As the frequency is 

raised above the specified value, the radio-
frequency current, dielectric losses, and heat-
ing effects increase rapidly. Most types can be 
operated above their specified maximum fre-
quency provided the plate voltage and plate 
input are reduced. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one 
designated as CCS (Continuous Commercial 
Service) ratings, the other 1CAS ( Intermittent 
Commercial and Amateur Service) ratings. 
Continuous 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 considera-
tion. Intermittent COMmerelai and Amateur 
Service is defined to include the many appli-
cations where the transmitter design factors of 
minimum size, light weight, and maximum 
power output are more important than long 
tube life. LOAS ratings are considerably higher 
than CCS ratings. They permit the handling 
of greater power, and although such use in-
volves some sacrifice in tube life, the period 
over which tubes will continue to give satis-
factory performance in intermittent service 
can be extremely long. Typical operating con-
ditions given in the tables are ICAS ratings 
when applicable. 



TABLE I- METAL RECEIVING TUBES 

Characteristics given in this table apply to all tubes having type numbers shown, including metal tubes, glass tubes with "G" suffix, and bantam tubes with "GT" suffix. 

For "G" and *GT" tubes not listed ( not having metal counterparts), see Tables II, VII, VIII and IX. 

Type Name 
Socket 
Connec-
tiens 

Fil. or Heater Capacitance µdd. 

Use 
Plate 

. 
Supply 'pty 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 

Ma. Currast.nt 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. In Out Plate- 

Grid 

6A8 Pentagrid Converter 8A 6.3 0.3 - - - Osc.-Mixer 250 - 3.0 100 3.2 3.3 Anode-grid (No.2)250 volts max. thru 20,000-ohms 6A8 
6AB7 
1853 

Television Amp. Pentode 8N 6.3 0.45 8 5 0.015 Class-A Amp. 300 - 3.0 200 3.2 12.5 700000 5000 3500 -..... - 6A137 
1853 

6AC7 
1852 

Television Amp. Pentode 8N 6.3 0.45 11 5 0.015 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 - -- 6AC7 
1852 

6AG7 Video Beam Power Amp. BY 6.3 0.65 13 7.5 0.06 Class-A Amp. 300 - 3.0 150 7/9 30/30.5 130000 11000 - 10000 3.0 6AG7 
6AJ7 Sharp.Cut-Off Pentode IIN 6.3 0.45 - - - Class-A Amp. 300 160' 300 2.5 10 1000000 9000 - - - 6AJ7 
6AK7 Pentode Power Amp. BY 6.3 0.65 13 7.5 0.06 Closs-A Amp. 300 - 3 150 7 30 130000 11000 -- 10000 3.0 6AK7 

688 Duplex-Diode Pentode BE 6.3 0.3 6 9 0.005 Class-A Amp. 250 - 3.0 125 2.3 9.0 650000 1125 730 --- - 688 

6C5 Triode Detector, Amplifier 60 6.3 0.3 3 11 2 
Class-A Amp. 250 - 8.0 -.- - 8.0 10000 2000 20 - - 

6C5 
Bias Detector 250 -17.0 --ii - Plate current ad usted to 0.2 ma. wi h no signal 

6F5 High-g Triode 5M 6.3 0.3 5.5 4 2.3 Class-A Amp. 250 - 1.3 - - 0.2 66000 1500 100 - ---ii 6F5 

6F6 Pentode Power Amplifier 75 6.3 0.7 - - - 

Class-A Pent. 
250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

34 
42 

80000 
75000 

2500 
2650 

200 
200 

7000 
7000 

3.0 
5.0 

6F6 Triode Amp.' 250 -20.0 - -- 31 2600 2700 7.0 4000 0.85 

P.P. Pentodes 
P.P. Triodes' 

375 
350 

-26.0 
-38.0 

250 
- 

2.5 
.-- 

17 
22.5 

Power output for 2 tubes at 
stated load, plate-to-plate 

10000 
6000 

19.0 
18.0 

6H6 Twin Diode 7C1 6.3 0.3 - - Rectifier Max. a.c. voltage per plate = 100 r.m.s. Max. output current 4.0 ma. d.c. 6H6 

6J5 Detector Amplifier Triode 60 6.3 0.3 3.4 3.6 3.4 Class-A Amp. 250 - 8.0 - - 9 7700 2600 20 - -. 6J5 

6J7 Triple-Grid Detector, Amp. 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 100 0.5 2.0 1.5 meg. 1225 j 1500 - - 

6J7 
Bias Detector 250 - 4.3 100 Cathode current 0.43 ma. -1 - 0.5 meg. - 

6K7 Triple-Grid Variable-0 Amp. 7R 6.3 0,3 7 12 0.005 
R.F. Amp. 250 - 3.0 125 2.6 10.5 600000 1650 I 990 - --

6K7 
Mixer 250 -10.0 100 - ---- - Oscillator peak volts = 7.0 

6K8 Triode Hexode Converter 81( 6.3 0.3 - --- Converter 250 - 3.0 100 6 2.5 Triode Plate (No 2) 100 volts, 3.8 ma. 6K8 

616 Beam Power Amplifier 7AC 6.3 0.9 - - 

Single Tube 
Class A, 

250 
300 

170' 
220' 

250 
200 

5.4/7.2 
3.0/4.6 

75/78 
51/54.5 

- 
- 

..--..... 
- -- 

2500 
4500 

6.5 
6.5 

61.6 

Single Tube 
Class Al 

250 
350 

-14.0 
-18.0 

250 
250 

5.0/7.3 
2.5/7.0 

72/79 
54/66 

22500 
33000 

6000 
5200 

- 
- 

2500 
4200 

6.5 
10.8 

P.P. Class Ai 270 125' 270 11/17 134/145 - - - 5000 18.5 

P.P. Class Ai 250 
270 

-16.0 
-17.5 

250 
270 

10/16 
11/17 

120/140 
134/155 

24500 
23500 

5500 
5700 

- 
- 

5000 
5000 

14.5 
17.5 

P.P. Class AB, 360 250' 270 5/17 88/100 

Power output for 2 tubes. 

Load plate-to-plate 

9000 24.5 

P.P. Class Atli 360 -22.5 270 5/15 88/132 6600 26.5 

P.P. Class AB, 360 
360 

-18.0 
-22.5 

225 
270 

3.5/11 
5/16 

78/142 
88/205 

6000 
3800 

31.0 
47.0 

61.7 Pentagrid Mixer Amplifier 7T 6.3 0.3 -- 
R.F. Amp. 250 - 3.0 100 5.5 5.3 000000 1100 -= 

61.7 
Mixer 250 - 6.0 150 8.3 3.3 Over 1 meg. Oscillator-grid (No 3)voltoge = - 15.0 

6N7 Twin Triode 88 6.3 0.8 - •-• Class-B Amp. 300 0 - .-- 35-70 --- - - 8000 10.0 6N7 
607 Duplex-Diode Triode 7V 6.3 0.3 5 3.8 1.4 Triode Amp. 250 - 3.0 - - 1.1 58000 1200 70 - - 607 
6R7 Duplex-Diode Triode 7V 6.3 0.3 4.8 3.8 2.4 Triode Amp. 250 - 9.0 - 9.5 8500 1900 

1750 

16 I 10000 0.28 6R7 
657  

6SA7 

Triplo-Grid Variable-g 7R 6.3 0.15 6.5 10.5 0.005 Class-A Amp. I 250 - 3.0 100 2.0 8.5 1000000 1750 - .--- 657 
Pontacirid Converter 8112 6.3 0.3 - - - Converter 250 e, 100 8.0 3.4 800000 Grid No 1 Resistor 20000 ohms 65A7 

6SC7 Twin Triode Amplifier 8S 6.3 0.3 - -- - Class-A Amp. 250 - 2.0 --- - 2.0 53000 1325 70 - - 65C7 
6SF5 High-u Triode 6AB 6.3 0.3 4 3.6 2.4 Class-A Amp. 250 - 2.0 ---- - 0.9 66000 1500 100 - - 6SF5 
6SF7 Diode Variable-0 Pentode 7AZ 6.3 0.3 5.5 6 0.004 Class-A Amp. 250 - 1.0 100 3.3 12.4 700000 2050 - - - 6SF7 
65G7 Triple-Grid Semi-Variable-µ 8BK 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 2.5 150 3.4 9.2 Over 1 meg. 4000 - - - 65G7 



TABLE I- METAL RECEIVING TUBES- Continued 

Type Nome 
Socket 

Conner- 
lions 

Fit' or Heater Capacitance µed. 

Use 
Plate 
Supply 
voits 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Md. 

Plato 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon - 
ductance 
Micromhos 

Amp. 
Fired, 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

65H7 Triple-Grid Amplifier 881( 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 1.0 150 4.1 10.8 900000 4900 - - - 65H7 

65,17 , Triple-Grid Amplifier 8N 6.3 0.3 6 7 0.005 Class-A Amp. 250 - 3.0 100 0.8 3 1500000 1650 2500 - - 65.17 

65K7 Triple-Grid Variable-µ 8N 6.3 0.3 6 7 0.003 Class-A Amp. 250 - 3.0 100 2.4 9.2 800000 2000 1600 - - 65K7 

6507 Duplex-Diode Triode 80 6.3 0.3 3.6 3.2 1.80 Class-A Amp. 250 - 2.0 - - 0.8 91000 1100 100 - - 6507 

65R7 Duplex-Diode Triode 80 6.3 0.3 3.6 2.8 2.40 Class-A Amp. 250 - 9.0 •-- 9.5 8500 1900 16 ---- - 65R7 

6557 Triple-Grid Variable-µ 8N 6.3 0.15 5.5 7.0 0.004 Class-A Amp. 250 - 3.0 100 2.0 9.0 1000000 1850 - - - 6557 

6517 Duplex-Diode Triode 80 6.3 0.15 2.8 3 1.50 Class-A Amp. 250 - 9.0 - - 9.5 8500 1900 16 - - 65T7 

65V7 Diode R.F. Pentode TAZ 6.3 0.3 6.5 6 0.004 Class-A Amp. 250 - I 150 2.8 7.5 800000 3400 - - - 65V7 

65Z7 Duplex Diode Triode BQ 6.3 0.15 2.6 2.8 1.10 Class-A Amp. 250 - 3 - - 1.0 58000 1200 70 - - 65Z7 

6T7 Duplex-Diode Triode 7V 6.3 0.15 1.8 3.1 1.70 Class-A Amp. 250 - 3.0 - - 1.2 62000 1050 65 - - 6T7 

6V6 Beam Power Amplifier 7AC 6.3 0.45 - - - 

Class-A Amp. 250 -12.5 250 4.5/7.0 45/47 52000 4100 218 5000 4.5 

6V6 
Class-AB Amp. 

250 -15.0 250 5/13 70/79 60000 3750 .- 10000 10.0 

285 -19.0 285 4/13.3 70/92 65000 3600 - 8000 14.0 

1611 Pentode Power Amplifier 75 6.3 0.7 - - - Relay Tube Characteristics same as 6F6 1611 

1612 Pentagrid Amplifier 7T 6.3 0.3 7.5 11 0.001 Class-A Amp. 250 - 3.0 100 6.5 5.3 600000 1100 880 -- - 1612 

1620 Triple-Grid Det.-Amp. 7R 6.3 0.3 - - - Class-A Amp. Characteristics same as 6J7 1620 

1621 Power Amplifier Pentode 75 6.3 0.7 - 
P.P. Pentodes 300 -30.0 300 6.5/13 38/69 - - - 4000 5.0 

1621 
P.P. Triodes 1 330 500. - ........ 55/59 - -- - 5000 2.0 

1622 Beam Power Amplifier 7AC 6.3 0.9 - - - Class-A Amp. 300 -20.0 250 4/10.5 86/125 - - - 1 4000 10.0 1622 

1851 Television Amp. Pentode 7R 6.3 0.45 11.5 5.2 0.02 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 I - - 1851 

• Cathode resIstor-ohms.• 1 screen tied to plate. For 6SA7GT, use Base Diagram 8AD. Grid bias-2 volts if separate oscillator excitation is used 

TABLE II - 6.3-VOLT GLASS TUBES WITH OCTAL BASES 

(For"G" and "GT"-Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identical) 

4 Also type "65.17Y". 

Type Name 
Socket 
Cornice-
tions 

Fil. or Heater Capacitance gpfd. 

Use 

Plato 

Supply 
Volts 

Grid 
Bias 

Screen 
von_ 

' 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
. 

Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. In Out 

Plate- 
Grid 

2C22 Triode Amplifier 4AM 6.3 0.3 2.2 0.7 3.60 Class-A Amp. 300 -10.5 - - 11 6600 3000 20 - - 2C22 

6A5G Triode Power Amplifier 6T 6.3 LO - - - 

Class-A Amp. 250 -45.0 - - 60 800 4.2 2500 3.75 

6A5G P.P. Class AB 325 -68.0 - - 80 - 5250 - 3000 15.0 

P.P. Class AB 325 850* . 80 - - 5000 10.0 

6AB6G Direct-Coupled Amplifier 7AU 6.3 0.5 - - Class-A Amp. 
250 0 Input 5.0 

40000 1800 72 8000 
3.5 

6AB6G  
250 0 Output 34 

6AC5G High-g Power Amplifier 
Triode 

6Q 6.3 0.4 - - - P.P. Class 8 250 0 - - 5.0 
36700 125 

10000 8.0 
6AC5G 

Dyn.-Coupled 250 •-- - - 32 7000 3.7 

6AC6G Direct-Coupled Amplifier 7AU 6.3 1.1 - - - Class-A Amp. 
180 0 Input 7.0 

-. 3000 54 4000 3.8 6AC6G 
180 0 Output 45 

6ADSG High-µ Triode 60 6.3 0.3 - - - Class-A Amp. 250 - 2.0 .- -•-•.- 0.9 .--- 1500 100 - - 6AD5G 

6AD6G Electron-Ray Tubo 7AG 6.3 0.15 - - - Indicator 100 0 for 90"; -23 for 1-3-P; 45-for 0 . Target current 1.5 ma. 6AD6G 

6AD7G Triode-Pentode BAY 6.3 0.85 
Triode Arno. 250 -25.0 - - 4.0 19000 325 6.0 - - 

6AD7G 
Pentode Amp. 250 -16.5 250 6.5 34 80000 2500 - 7000 3.2 

6AE5G Triode Amplifier 60 6.3 0.3 - - - Class-A Amp. 95 -15.0 - - 7.0 3500 1200 4.2 - -- 6AESG 

6AE6G Twin-Plate Triode with 
Single Grid 

7AH 6.3 0.15 Remote cut-off Class-A Amp. 

-aoss-A 

250 - 1.5 6.5 25000 1000 25 
- 6AE6G Sharp cut-off Amp. 250 - 1.5 4.5 35000 950 33 



TABLE II- 6.3-VOLT GLASS TUBES WITH OCTAL BASES-Cominued 

Type Nome 
Socket 

Conner- 
lions 

Fil" or Heater Capacitance pilfd. 

Use 
Plate 
Supply 

Volts 

Gcreen rid 
Bias 

S 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Am 
F. tp. 

c er 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Typo 
Volts Amps. In Out Pe:- 

6AE7GT Twin-Input Triode 7AX 6.3 0.5 - -- Driver Amplifier 250 -13.5 - - 5.0 9300 1500 14 - - 6AE7GT - 
6AF5G Triode Amplifier 6Q 6.3 0.3 .... - .-.- Class-A Am • lifier 180 -18.0 - - 7.0 - 1500 7.4 - MI 6AF5G 
6AF7G Twin Electron Ray BAG 6.3 0.3 -- - Indicator Tube MIMI 
6AG6G 

6AH5G 

Power Amplifier Pentode 

Beam Power Amplifier 

75 6.3 1.25 - - Class-A Amplifier 250 - 6.0 250 6.0 32 - 10000 -- 8500 3.75 

6AF7G 

6AG6G 
6AP 6.3 0.9 -- - ..-- Class-A Amplifier 350 -18 250 ••••••-••• - 33000 5200 -- 4200 10.8 6AH5G 

6AH7GT Twin Triode 8BE 6.3 0.3 ...... - - Converter 8. Amp. 250 - 9.0 iii. , 12 , 6600 2400 16 -- 1=II 6AH7GT 
6AL6G Beam Power Amplifier 6AM 6.3 0.9 - - - Class-.A Amplifier 250 -14.0 250 5.0 72 22500 6000 - 2500 6.5 6AL6G 

6AL7GT Electron-Ray Tube 13CH 6.3 0.15 - -- Indicator O h f h f d t uer edge e any of tree illuminated areas displac d 1/16 in. min. outward with -{ 5 volts 
to its electrode. Similar inward disp. with -5 volt . No pattern with -6 volts grid. 

6AL7GT 
- 

6ACI7GT Duplex Diode Triode 8C K 6.3 0.3 2.3 1.5 2.8 Class-A Amplifier 250 - 2.0 ..., - 2.3 44000 1600 inz3 - I=1 

1=.111=11 6A86 

6A07GT 
6AR6 Beam Power Amp. 6130 6.3 1.2 11 7 0.8 Class-B Amplifier 300 -36 300 4.0 58 22000 4300 111E1. 
6AR7GT Diode Triode Rectifier 8CG 6.3 0.3 1.4 1 2 Class-A Am . lifier 250 - 2 ---- - 1.3 66500 1050 1111211111MMIMI 6AR7GT 
6A57G Low-Mu Twin Triode BBD 6.3 2.5 -- D.C. Amplifier 135 250* -- - 125 280 7500 2.1 - - 6A57G -- 

--- 

.«•-- 
684G Triode Power Amplifier 55 6.3 1.0 - Power Amplifier Characteristics some as Type 6A3-Table IV - 

Mill.=.11=. 

111113:1•=a111=116C8G 
rid (Na. 

- 

2 Volts = 250' 

- 6B4G 

686G 

6D8G 

6B6G Duplex-Diode High-ti Triode 7V 6.3 0.3 1.7 3.8 1.7 Detector-Amplifier Characteristics same as Type 75-Table IV 

1430 
Anode . 

6C8G Twin Triode 8G 6.3 0.3 - - Amp. 1 Section 250 - 4.5 - - ME. 26000 
608G Pentagrid Converter 8A 6.3 0.15 - - --- Converter 250 - 3.0 100 Cathode current 13.0Mo. 
6E8G Triode-Hexode Converter 80 6.3 0.3 - - Ow-Mixer 250 - 2.0 Triode Plate 150 volts 6E8G 
6F8G Twin Triode 8G 6.3 0.6 .....--. - -- Amplifier 250 - 8.0 - - 91 7700 2600 20 - - 6F8G 

6G6G Pentode Power Amplifier 75 6.3 0.15 
Class-A Amplifier 180 - 9.0 180 2.5 15 175000 2300 400 10000 

6G6G Class-A Amplifier , 180 -12.0 - - -- 4750 2000 9.5 12000 0.25 
6H4GT Diode Rectifier 5AF 6.3 0.15 - --... - Detector 100 - - .- 4.0 .••••-r .,- - - 6H4GT 
6H8G Duo-Diode High- ti Pentode 8E 6.3 0.3 - --- - Class-A Amplifier 250 - 2.0 100 i-- 8.5 650000 2400 IMIIMMIMI=16H8G 
6.180 Triode Heptode BH 6.3 0.3 -  -ri- - Converter 250 - 3.0 100 2.8 1.2 Anode. rid (No. 2) 250 volts max.' 5 ma. 6.18G 
6K5GT High-µ Triode 5U 6.3 0.3 24 3.6 2.0 Class-A Amplifier 250 - 3.0 -- - 1.1 50000 1400 70 - - 6K5GT 
6K6G Pentode Power Amplifier 75 6.3 0.4 -- - - Class-A Amplifier Characteristics same as Type 41-Table IV 6K6G 
6L5G Triode Amplifier 60 6.3 0.15 --- - - Class-A Amplifier 250 - 9.0 - - 8.0 ......... 1900 17 - 6L5G 
6M6G Power Amplifier Pentode 75 6.3 1.2 -i- - - Class-A Amplifier 250 - 6.0 250 4.0 36 9500 -- 7000 LEM6M6G 
6M7G Triple-Grid Amplifier 7R 6.3 0.3 - rii- - R.F. Amplifier 250 - 2.5 125 2.8 10.5 900000 3400 -- - - 

MI 

6M7G 

6M8GT 
6M801 Diode Triode Pentode BAU 6.3 0.6 Triode Amplifier 100 - -- - 0.5 91000 1100 -- - 

Pentode Amplifier 100 - 3.0 100 - 8.5 200000 1900 - - - 

11=i6N6G 
6N6G Direct-Coupled Amplifier 7AU 6.3 0.8 ••-• - Power Amplifier Characteristics same as T • e 6135-Table IV .. - 
6P5GT Triode Amplifier 6C1 6.3 0.3 34 5.5 2.6 Class-A Amplifier 250 -13.5 - - 5.0 9500 1450 13.8 - - 6P5GT 
6P7G Triode-Pentode 7U 6.3 0.3 - r.-ii , -- Class-A Amplifier Characteristics some as 6F7-Table IV • P7G 
6P8G Triode-Hexode Converter 8K 6.3 0.8 - - -- 05c.-Mixer 250 - 2.0 75 1.4 1.5 Triode Plate 100 v. 2 2 ma. 6P8G 
606G Diode-Triode 6Y 6.3 0.15 - - Class-A Amplifier 250 - 3.0 - -- 1.2 - 1050 65 - 606G 
6R6G Pentode Amplifier 6AW 6.3 0.3 --- - - Class-A Amplifier 250 - 3.0 100 1.7 7.0 - 1450 1160 -- 1=6116G 
656GT Triple-Grid Variable-ti SAK 6.3 0.45 - -- - R.F. Amplifier 250 - 2.0 100 3.0 13 350000 4000 -- ME • S6GT 
65BGT Triple Diode Triode 8C8 6.3 0.3 1.2 $ 2 Class-A Amplifier 250 - 2.0 -  i--- 0.9 91000 ..- 100 - - 658GT 
65D7GT Triple-Grid Semi-Variable-ti 8M 6.3 0.3 9 7.5 .0035 R.F. Amplifier 250 - 2.0 100 1.9 6.0 1000000 3600 - - 11=11•5D7GT 
65E7GT Triple-Grid Amplifier BN 6.3 0.3 8 7.5 .005 R.F. Amplifier 250 - 1.5 100 1.5 4.5 1 100000 3400 3750 - - 65E7GT 

65H7L Pentode R.F. Amp. Fig. 44 6.3 0.3 - - - Class A Amplifier 
100 - 1.0 100 2.1 5.3 350000 4000 - - I=. 
250 - 1.0 150 4.1 10 900000 4900 - - - 

• 5H7L.8 

65L7GT Twin Triode 8BD 6.3 0.3 ...- Amplifier 250 - 2.0 - 2.3 , 44000 1600 70 - • 51.7GT 

le211• SWOT 

- 651.170TY 

65N7GT Twin Triode 880 6.3 0.6 - - -, Amplifier 250 - 8.0 -  ri- 9.0 1 7700 2600 20 - 
65U7GTY Twin Triode 880 6.3 0.3 - - Class-A Amplifier 250 - 2.0 - .--- 2.3 44000 1600 70 - 



TABLE 11-6.3-VOLT GLASS TUBES WITH OCTAL BASES-Continued 

Type Name 

s.cket 

Conner- 

ea "' 

Fil. or Heater Capacitance ppfd. 

Use 
Mote 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

T - 
ductance 

Micromhos 

A. 
rn_ 

F !: 
 actor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps in Out 

Plate- 

Grid  

6T6GM Triple-Grid Amplifier 6Z 6.3 0.45 - -- - R.F. Amplifier 250 - 1.0 100 2.0 10 1000000 _ 5500 - - - 6T6GM 

6U6GT Beam Power Amplifier 7AC 6.3 0.75 - --- - Class-A Amplifier 200 -14.0 135 3.0 56 20000 6200 - 3000 5.5 6U6GT 

6U7G Triple Grid Voriable-µ 7R 6.3 0.3 5 9 .007 R.F. Amplifier Characteristics same as Type 606-Table Ill 6U7G 

6V7G Duplex Diode-Triode 7V 6.3 O. 3.5 1.7 Detector-Amplifler Characteristics same as Type 85-Table III 6V7G 

Beam Power Amplifier 7AC 6.3 1.25 - -- - Class-A Amplifier 135 - 9.5 135 12.0 61.0 - 9000 215 2000 3.3 6W6GT 
6W6GT 

6W7G Triple-Grid Det. Amplifier 7R 6.3 0.15 8.5 .007 Class-A Amplifler 250 - 3.0 100 2.0 0.5 1500000 1225 1850 - - 6W7G 

Electron Tube 7AL 6.3 0.3 - - .--- Indicator Tube 250 0 v. for 300e, 2 ma. -8 v. for 0', 0 ma. Vane grid 125 v. 6X6G 
6X6G 

6Y6G 

-Ray 

Beam Power Amplifier 7AC 6.3 1.25 15 8 0.7 Class-A Amplifier 135 -13.5 135 3.0 60.0 I 9300 7000 - 2000 I 3.6 6Y6G 

6Y7G Twin Triode Amplifier BB 6.3 0.3 - --- - Class-B Amplifier Characteristics some as Type 79-Table IV 6Y7G 

6Z7G Twin Triode Amplifier 8B 6.3 0.3 -- - - Class-B Amplifier 
180 0 - 84 - - - 12000 4.2 

6Z7G 

717A Pentode Amplifier 813K 6.3 0.175 - - - Class-A Amplifier 120 - 2.0 120 2.5 7.5 390000 4000 --.- - - 717A 

1223 Pentode Amplifier 7R 6.3 0.3 - - - Class-A Amplifier Characteristics same as 6C6-Table IV 1223 

1635 Twin Triode Amplifier 8B 6.3 0.6 - - Class-B Amplifier 400 0 - - I 10/63 l - - - 14000 17 1635 

7000 Low-Nolse Amplifier 7R 6.3 0.3 - - Class-A Amplifier Characteristics some as Type 6.17-Table I 7000 

• Cathode resistor ohms. I Per plate. Screen tied to plate. 

TABLE III - 7-VOLT LOCK-IN- BASE TUBES 

For other lock-in-base types see Tables VIII, IX, X and XIII 

Through 20,000-ohm dropping resistor. 

Type Name 
Socket 
Connec- 
lions 

Heater Capacitance ppfd. 

Use 

Plate 

Supply 
Volts 

Grid 
. as Ba 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Fader 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 

Plate- 

Grid 

7A4 Triode Amplifier 5AC 7.0 0.32 3.4 3 4 Class-A Amplifier 250 - 8.0 - - 9.0 7700 2600 20 - - 7A4 

Beam Power Amplifier 6AA 7.0 0.75 - -..- - Class-A: Amplifier 125 - 9.0 125 3.2/8 37.5/40 17000 6100 - 2700 1.9 7A5 
7A5 

7A6 Twin Diode 7AJ 7.0 0.16 - - Rectifier Max. A.C. volts per plate- 150. Max. Output current- 10 ma 7A6 

7A7 Remote Cut-off Pentode 8V 7.0 0.32 6 7 .005 R.F. Amplifier 250 - 3.0 100 2.0 8.6 800000 2000 1600 =MI - 7A7 

7A8 Multiarid Converter BU 7.0 0.16 - - - Osc.-Mixer 250 - 3.0 100 3.1 3.0 50000 Anode-grid 250 volts max.. 7A8 

7AF7 Twin Triode SAC 6.3 0.3 2.2 1.6 2.3 Class-A Amp. 250 -10 - - 9.0 7600 2100 16 - 7AF7 

7AG7 Sharp Cut-off Pentode Fig. 45 7.0 0.16 - - - Class-A, Amp. 250 250' 250 2.0 6.0 750000 4200 ----- - 7AG7 

7B4 Hiah-p Triode SAC 7.0 0.32 3.6 3.4 1.6 Class-A Amplifier 250 - 2.0 - ---- 0.9 66000 1500 100 ......... - 784 

7135 Pentode Power Amplifier 6AE 7.0 0.43 - - - Class-Ai Amplifier 250 -18.0 250 5.5/10 32/33 68000 2300 - 7600 3.4 7B5 

786 Duo-Diode Triode BW 7.0 0.32 - - - Class-A Amplifier 250 - 2.0 - .- 1.0 91000 1100 100 - 7B6 

787 Remote Cut-off Pentode 8V 7.0 0.16 5 7 .005 R.F. Amplifier 250 - 3.0 100 2.0 8.5 700000 1700 1200 - 7B7 

788 Pentagrid Converter 8X 7.0 0.32 - - Osc.-Mixer 250 - 3.0 100 2.7 3.5 360000 Anode-grid 250 volts max., 7138 

5 

7C6 

Tetrode Power Amplifier 6AA 7.0 0.48 - - - Class-A i Amplifier 250 -12.5 250 4.5 /7 45/47 52000 4100 - 5000 4.5 7C5 

Duo-Diode Triode 8W 7.0 0.16 2.4 3 1.4 Class-A Amplifier 250 - 1.0 --- -- 1.3 100000 1000 100 - - 7C6 

7C7 Pentode Amplifier IIV 7.0 0.16 5.5 6.5 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.0 2 meg. 1300 - 7C7 

7D7 Triode Hexode Converter 8AR 7.0 0.48 -- - Osc M X er 250 - 3.0 Triode Plate (No. 3)150 v. 3.5 ma. 7D7 

7E6 Duo-Diode Triode 8W 7.0 0.32 - - - Class-A Amplifier 250 - 9.0 - - 9.5 8500 1900 16 - 7E6 

7E7 Duo Diode Pentode 8AE 7.0 0.32 4.6 4.6 .005 Class-A Amplifier 250 - 3.0 100 1.6 7.5 700000 1300 - - 7E7 

7F7 Twin Triode SAC 7.0 0.32 - - - Class-A Amplifier 250 - 2.0 - •- 2.3 44000 1600 70 - 7F7 

7F8 Twin Triode 8BW 6.3 0.30 2.8 1.8 1.2 R.F. Amplifier 
250 

- 2.5 
- 

10.0 10400 5000 - -----. 7F8 
18 0 - 1.0 12.0 8500 7000 

7G7 / 
1232 

Triple-Grid Amplifier 8V 7.0 0.48 9 7 .007 Class-A Amplifier 250 - 2.0 100 2.0 6.0 800000 4500 - - 
7G7 
1232 



TABLE III-7-VOLT LOCK-IN-BASE TUBES- Continued 

. 

Type Name 
Socket 
Connec- 
tiens 

Heater Capad once urifd. 

Use 
Plate 

Sup",  
Volts 

Grid 
Blas 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
M a. 

Plate 
Resistance 
Ohms 

Transcon-
ducta nce 

Micromhos 

A mp. 
F.c,.. 

' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps In Out Plate- Grid 

7G8/ 
1206 

Dual Tetrode 8BV 6.3 0.30 3.4 2.6 0.15 R.F. Amplifier ' 250 - 2.5 100 0.8 4.5 225000 2100 - 
1206 7H7 

7.17 

Triple-Grid Semi-Variable-ii 8V 7.0 0.32 8 7 .007 R.F. Amplifier 250 - 2.5 150 2.5 9.0 1000000 3500 - - 7H7 Triode-Hexode Converter 8AR 7.0 0.32 - -- - Osc.-Mixer 250 - 3.0 100 2.9 1.3 Triode Plate 250 v. Ma is .1 7J7 7K7 Duo-Diode High-F. Triode 88F 7.0 0.32 - - -- Class-A Amplifier 250 - 2.0 2.3 44000 1600 70 - - 7K7 7L7  Triplo-Grid Amplifier 8V 7.0 0.32 8 6.5 .01 Class-A Amplifier 250 - 1.5 100 1.5 4.5 100000 3100 Cathode Resistor 250 ohms 7L7 7N7 

.--707 

Twin Triode 8AC 7.0 0.6 - - - Class-A Amplifier. 250 - 8.0 - 9.0 7700 2600 • 20 - -- 7N7 Pentagrid Converter 8AL 7.0 0.32 -- --- Osc.-Mixer 250 0 100 8.0 3.4 800000 Grid Na 1 resistor 20000 ohms 707 7R7 Duo-Diode Pentode 8AE 7.0 0.32 5.6 5.3 .004 Class-A Amplifier 250 - 1.0 100 1.7 5.7 1000000 3200 - ----• 7R7 757 Triode Hexode Converter 8BL 7.0 0.32 - ..-.. - 0 sc.-Mixer 250 - 2.0 100 2.2 1.7 2000000 Triode Plate 250 v. Max. 757 7T7 Triple-Grid Amplifier 8V 7.0 0.32 8 7 .005 Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 - --• -.. 7T7 7V7 Triple-Grid Amplifier 8V 7.0 0.48 - - - Class-A Amplifier 300 160 150 3.9 9.6 300000 5800 - - 7V7 7W7 Triple-Grid Variable-p 1381 7.0 0.48 - -- - Class-A Amplifier 300 - 2.2 150 3.9 10 300000 5800 - - 7W7 7X7 Duo-Diode Triode 8BZ 6.3 0.3 --- .- - Class-A Amplifier 250 - 1.0 -- - 1.9 67000 1500 100 - 7X7 1231 Pentode Amplifier 8V 6.3 0.45 8.5 6.5 .015 Class-A Amplifier 300 200* 150 2.5 10 700000 5500 3850 - -.- 1231 XXL Triode Oscillator SAC 7.0 0.32 - - .-- Oscillator 250 -8.0 - - 8.0 - 2300 20 - -  XXI. 

• Cathode resistor-ohms. Applied through 20000-ohm dropping resistor. 

TABLE IV-6.3-VOLT GLASS RECEIVING TUBES 

Each sachan. 

Tyre 

•  

Nome Base 
Socket 
Conner-
tions 

Fil. or Heater Capacitance gyfd. 

Use 

Plate 

Supply Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductonce 
Micromhos 

Amp. 
Factor 

'' 

Leed 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps. In Out Plate- 
Grid 

2C2I / 
_WIZ Twin-Triode Amplifier M. 7BH 6.3 0.6 -.- - - Class-A Amp. 250 -16.5 - 8.3 7600 1375 10.4 - -- 2C21/ 

1642 

6A3 Triode Power Amplifier M. 40 6.3 1.0 -- --- -.- 
Class-A Amp. 250 -45 - - 60 800 5250 4.2 2500 3.5 

63 Push-Pull Amp, 
300 
300 -62 

700 ,, Fixed Bias 
Self Bias 

40 
40 

Power output for 2 tubes 
load plate-to-plate 

3000 
5000 

15 
10 6A4 Pentode Power Amplifier M. 5B 6.3 0.3 -- - - Class-A Amp. 180 -12.0 180 3.9 22 455001 2200 100 8000 1.4 6A4 

6A6 Twin Triode Amplifier M. 78 6.3 0.8 - -- - Class-B Amp. 250 
300 

o o _ .....- Power output is for one tube at stated 
load, plate-to-plate 

8000 
10000 

8.0 
10.0 6A6 

6A7 Pontagrid Converter S. 7C 6.3 0.3 - - - Converter 250 - 3.0 100 2.2 3.5 360000 I Anode grid ( Na.2) 200 volt s mas. 6A7 6AB5 6N5 Electron-Ray Tube S. 6R 6.3 0.15 -- -- Indicator Tube 180 Cut-off Grid Bias = - 12 v 0.5 Target Current 2 me. ... 6AB5/6N5 
6AF6G 

Electron-Ray Tube 
Twin Indicator Type S. 7AG 6.3 0.15 -- -- - Indicator Tube 135 

100 
Ray Control Voltage = 81 for 0° Shadow Angle. Target current 1.5 ma. 
Ray Control Voltage =60 for 0° Shadow Angle. Target ciment 0.9 ma. 6AF6G 

685 
Direct-Coupled Power 

Amplifier M. 6AS 6.3 0.8 - - -.- 
Class-A Amp. 
Push-Pull Amp. 

300 
400 

o 
-13.0 

-- 
- 

61 
4.5 1 

45 
40 

241000 
- 

2400 

-- 

58 

-..... 

7000 

10000 

4.0 

20 
‘,. 
`"' 

687 Duplex-Diode Pentode S. 7D 6.3 0.3 3.5 9.5 .007 Pentode R.F. 
Amp. 250 - 3.0 125 2.3 9.0 650000 1125 730 -.. .--- 

-- 

687 

6C6 
6C6  Triple-Grid Amplifier S. 6F 6.3 0.3 5 6.5 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1 500000 1225 1500 -- 6C7  

6D6 

Duplex Diode Triode S. 7G 6.3 0.3 --- - --- Class-A Amp. 250 - 9.0 ---. --- 4.5 - 20 1250 --- -- 6C7 Triple-Grid Variable-µ S. 6F 6.3 0.3 4.7 6.5 .007 R.F. Amplifier 250 - 3.0 100 2.0 8.2 8-00000 1600 1280 - 6D6 6D7 Triple-Grid Amplifier S. 7H 6.3 0.3 5.2 6.8 .01 Class-A Amp. 250 - 3.0 100 0.5 2.0 -- 1600 1280 -- 6D7 6E5  Electron-Ray Tube 
-target Current 4 ma - 6E5 6E6  Twin Triode Amplifier M. 7B 6.3 0.6 - - Class-A Amp. 250 -27.5 Per plate- 18 0 3500 1700 6.0 Lj90 1.6 6E6 6E7 Triple-Grid Variable-ri S. 7H 6.3 0.3 R.F. Amplifier Charocte istics same as 6U7G-Table II 687 



TABLE IV-6.3-VOLT GLASS RECEIVING TUBES- Continued 

Type Name Base 
Socket 
Connec- 
Bons 

Fil. or Heater Capacitance ppfd. 

Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 

Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

Triode Pentode S. 7E 6.3 0.3 - - -.- 

Triode Unit Amp. 100 - 3.0 - -- 3.5 16000 500 8 

-6F7 6F7 Pentode Unit 
Amplifier 

250 - 3.0 100 1.5 6.5 850000 1100 900 - --. 

6U5/6G5 Electron-Ray Tube S. 6R 6.3 0.3 - - - Indicator Tube 
250 
100 

Cut-off Grid Bias= -22 v. 
Cut-off Grid Bias = - 8 v. 

0.24 
0.19 

Target Current 4 ma 
Target Current 1 ma - 6U5/6G5 

6145 Electron-Ray Tube S. 6R 6.3 0.3 - - -= Indicator Tube Same characteristics as Type 6G5-Circular Pattern 6H5 

6587Y Pentagrid Converter O. BR 6.3 0.3 
9.6 9.2 

Converter 100 - 1 100 10.2 3,6 500000 ing - - - 

6587Y Converter 250 - 1 100 10 3.8 1000000 950 - - - 

Osc Section in 88-108 Mc. Serv. 250 22000 3 12000 12.6/12.5 6.8/6.5 - - - - 

675 Electron-Ray Tube S. 6R 6.3 0.3 - .-=. Indicator Tube 250 Cut-off Grid Bias = - 12 v. 0.24 Target Current 4 ma - 6T5 

36 Tetrode R.F. Amplifier S. SE 6.3 0.3 3.8 9 .007 R.F. Amplifier 250 - 3.0 90 1.7 3.2 550000 1080 595 - - 36 

37 Triode Detector Amplifier S. SA 6.3 0.3 3.5 2.9 2 Class-A Amp. 250 -18.0 - - 7.5 8400 1100 9.2 - - 37 

38 Pentode Power Amplifier S. SF 6.3 0.3 3.5 7.5 0.3 Class-A Amp. 250 -25.0 250 3.8 22.0 100000 1200 120 10000 2.5 38 

39/44 Variable-u R.F. Amplifier S. SF 6.3 0.3 3.8 10 .007 R.F. Amplifier 250 - 3.0 90 1.4 5.8 1000000 1050 1050 - --• 39/44 

41 Pentode Power Amplifier S. 66 6.3 0.4 - --- -=-- Class-A Amp. 250 -18.0 250 5.5 32.0 68000 2200 150 7600 3.4 41 

42 Pentode Power Amplifier M. 68 6.3 0.7 - - - Class-A Amp. 250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.0 42 

52 2-Grid Triode M. Fig. 33 6.3 0.3 - 
Class-A Preamp.3 110 0 - -... 43.0 1750 3000 5.2 2000 1.5 

52 
Class-8, 2 tubes 3 180 0 - --- 3.0 10000 5.0 

56AS Triode Amplifier S. SA 6.3 0.4 - - - Class-A Amp. Characteristics same as 56 56AS 

57AS Pentode S. 6F 6.3 0.4 ---, - - R.F. Amplifier Characteristics same as 57 57AS 

58AS Triple-Grid Variable-4 S. 6F 6.3 0.4 ---- - - R.F. Amplifier Characteristics same as 58 58AS 

75 Duplex-Diode Triode S. 6G 6.3 0.3 1.7 3.8 1.7 Triode Amplifier 250 - 1.35 - - 0.4 91000 1100 100 - - 75 

76 Triode Detector Amplifier S. SA 6.3 0.3 3.5 2.5 2.8 Class-A Amp. 250 -13.5 - - 5.0 9500 1450 13.8 - - 76 

77 Tfiple-Grid Detector S. 6F 6.3 0.3 4.7 11 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.3 1500000 1250 1500 - - 77 

78 Triple-Grid Variable-p S. 6F 6.3 0.3 4.5 11 .007 R.F. Amplifier 250 - 3.0 100 1.7 7.0 800000 1450 1160 - - 78 

79 Twin Triode Amplifier S. 6H 6.3 0.6 - - Class-6 Amp. 250 0 - - Power output is for one tube 14000 8.0 79 

85 Duplex-Diode Triode S. 6G 6.3 0.3 1.5 4.3 1.5 Class-A Amp. 250 -20.0 - - 8.0 7500 1100 8.3 20000 0.35 85 

85AS Duplex-Diode Triode S. 6G 6.3 0.3 - - - Class-A Amp. 250 - 9.0 - - 5,5 - 1250 20 - - 85/15 

89 Triple-Grid Power Amp. S. 6E 6.3 0.4 --.. 
Triode Amp.' 250 -31.0 .--- - 32.0 2600 1800 4.7 5500 0.9 

Pentode Amp.* 250 -25.0 250 5.5 32.0 70000 1800 125 6750 3.4 
89 

1221 Pentode R.F. Amplifier S. 6F 6.3 0.3 --, •--- - Class-A Amp. Special non-microphonic. Characteris ics same as 6C6 1221 

1603 3 Triple-Grid Amplifier M. 6F 6.3 0.3 - -.- -- Class-A Amp. Characteristics same as 6C6 1603 

7700 , Triple-Grid Amplifier S. 6F 6.3 0.3 - - - Class-A Amp. Characteristics same as 6C6 7700 

*Cathode bias resistor-ohms. I Current to input plate ( Pi). 
3 Low noise, 'non-nnicrophonic,  ,Grids Nos. 2 and 3 connected to plate. G: tied to plate. tubes. Gi tied to G. 

TABLE V- 25-VOLT RECEIVING TUBES 

"Screen dropping resistor ohms. 
Osc. grid leak ohms. 8 Grid Na. 2, screen; grid No. 3, suppressor. 

Type Name Base 
Socket 
Connec-
lions 

Fil. or Heater Capacitance pmfd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

• 
Transcon- 
ductance 
Micromhos 

Amp. 
F act. r 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. In Out 

Plate- 
Grid 

25/4S Duodiode M. 50 2.5 1.35 - - - Detector . At 50 D.C. Volts per plate, cathode ma. = 80 25/4S 

2A3 Triode Power Amplifier M. 4D 2.5 2.5 7.5 5.5 16.5 Class-A Amp. Characteristics same as Type 6A3, Table IV 2A3 

2A5 Pentode Power Amplifier M. 6B 2.5 1.75 - - - Class-A Amp. Characteristics same as Type 42, Table IV 2A5 

eA6 Duplex-Diode Triode S. 6G 2.5 0.8 1.7 3.8 1.7 Class-A Amp. Characteristics same as Type 75, Table IV 2A6 

2A7 Pannier! Converter S. 7C 2.5 0.8 - - - Osc.-Mixer Characteristics same as Type 6A7, Table IV 2A7 



TABLE V-2.5-VOLT RECEIVING TUBES-Continued 

Ty,* Name Base 
Socket 
Connec-
lions 

Fil. or Heater Capacitance ¡add. 

Use 
Plate 
Supply 
vult, 

Grid 
Blas 

Screen 

Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

a 
F're ls. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps, In Out 
Plate- 
Grid 

286 Direct-Coupled Amplifier M 7.1 2.5 2.25 --- -- - Amplifier 250 -24.0 --.. - 40.0 5150 3500 18.0 5000 4.0 286 287  

2E5 

Duplex-Diode Pentode 

Electron-Ray Tube 

S. 70 2.5 0.8 3.5 9.5 I .007 Pentode Amp. Characteristics same as Type 6E17-Table IV 2B7  
S. 6K 2.5 0.8 -- - - Indicator Tube Characteristics same as Type 6E5-Table IV 2E5 2G5  

24-A 

Electron-Ray Tube S. 611 2.5 0.8 -- - Indicator Tube Characteristics same as 6U5/6G5-Table IV 2G5 

Tetrode R.F. Amplifier M. 5E 2.5 1.75 5.3 10.5 .007 
Screen-Grid R.F. 

Amplifier 
250 - 3.0 90 1.7 4.0 600000 I 1050 I 630 -- 

24-A 
Bias Detector 250 - 5.0 20/45 Plate current adjusted to 0.1 ma. with no signal 

27 Triode Detector-Amplifier . 5A 2.5 1.75 3.1 2.3 3.3 
Class-A Amp. 250 -21.0 - 5.2 9250 975 9.0 -.- 

27 Bias Detector 250 -30.0 - Plate current odiusIed to 0.2 ma. with no signal 

35/51 Variable-p Amplifier M. 5E 2.5 1.75 5.3 10.5 .007 Screen-Grid R.F. 
Amplifier 250 - 3.0 90 2.5 6.5 400000 1050 420 ---- ---- 35/51 

45 Triode Power Amplifier M. 40 2.5 1.5 4 3 7 Class-A Amp. 275 -56.0 - - 36.0 1700 2050 3.5 4600 2.00 45 

46 Dual-Grid Power Amp. M. 5C 2.5 1.75 ..-- --- -• 
Class-A Amp., 250 -33.0 - 22.0 2380 2350 5.6 6400 1.25 

46 Class-8 Amp. 400 0 - - Power output for 2 tubes 5800 20.0 
47 Pentode Power Amplifier M. 58 2.5 1.75 8.6 13 1.2 Class-A Amp. 250 -16.5 250 6.0 31.0 . 60000 2500 150 7000 2.7 47 
53 Twin Triode Amplifier M. 78 2.5 2.0 - - - Class-B Amp. Characteristics same as Type 6A6, Table IV 53 
55 Ouplex-Diode Triode S. 6G 2.5 1.0 1.5 4.3 1.5 Class-A Amp. Characteristics same as Type 85, Table IV 55 56 Triode Amplifier, Detector S. 5A 2.5 1.0 3.2 2.4 3.2 Class-A Amp. Characteristics same as Type 76, Table 1V 56 
57 Triple-Grid Amplifier S. 6F 2.5 1.0 -- --- - R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 - 57 
58 Triple-Grid Variable-p S. 6F 2.5 1.0 4.7 6.3 .007 Screen-Grid R.F. 250 

Amplifier - 3.0 100 2.0 8.2 800000 1600 1280 - - 58 

59 
Triple-Grid Power 

Ampli fi er M. 7A 2.5 2.0 Class-A Triode , 250 -28.0 •-•-• - 26.0 2300 2600 6.0 5000 1.25 
59 Class-A Pentode 1 250 -18.0 250 9.0 35.0 40000 2500 100 6000 3.0 

RKI5 Triode Power Amplifier M. 40 1 2.5 1.75 - - Chorocterisfics some as Type 46 with Class- 11 connections R K15 
RK16 Triode Power Amplifier M. 5A 2.5 2.0 -.-- 

Characteristics some as Type 59 with Class-A triode connections RK16 
FIK17 Pentode Power Amplifier M. 5F 2.5 2.0 -- Characteristics same as Type 2A5 RK17 

1Grid connection to cap; no connection to No. 3 pin. Grid No. 2 tied to plate. Grids Nos. 1 and 2 tied together. t Grids Nos. 2 and 3 connected to plate. Grid Na. 2, screen; grid Na. 3, suppressor. 

TABLE VI-2.0-VOLT BATTERY RECEIVING TUBES 

TypeName Base 
Socket 
Conner- 
tions 

Fil. or Heater Capacitance ppfd. 

Use 

'  

Plate 
. 

Sep"' 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 

 Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

• 
Type Volts Amps. In Out 

Plate. 
Grid 

1A4P Variable-p Pentode S. 4M 2.0 U.06 5 11 .007 R.F. Amplifier 180 - 3.0 67.5 0.8 2.3 1000000 750 750 - -• 1A4P 
1A4T Variable-µ Tetrode S. 4K 2.0 0.06 5 11 .007 R.F. Amplifier 180 - 3.0 67.5 0.7 2.3 960000 750 720 - - 1A4T 
1A6 Pentagrid Converter S. 61 2.0 0.06 

... 
-- -- -- Converter 180 - 3.0 67.5 2.4 1.3 500000 Anode grid (No. 2) 180 max. volts 1A6 

IB4P/951 Pentode R.F. Amplifier 5. 4M 2.0 0.06 5 11 .007 R.F. Amplifier 180 
90 

- 3.0 
-- 3.0 

67.5 
67.5 

0.6 
0.7 

1.7 
1.6 

1500000 
1000000 

650 
600 

1000 
550 

-- - 184P/951 
185/255 Duplex-Diode Triode S. 6M 2.0 0.06 1.6 1.9 3.6 Triode Class-A 135 - 3.0 - - 0.8 35000 575 20 - --- 185/255 
106 Pentagrid Converter S. 61 2.0 0.12 10 10 -.-- Converter 180 - 3.0 67.5 2.0 1.5 750000 Anode grid (No. 2) 135 max volts 106 
1F4 Pentode Power Amplifier M. 51( 2.0 0.12 -- - -- Class-A Amp. 135 - 4.5 135 2.6 8.0 200000 1700 340 16000 0.34 1F4 
1F6 Dupler.-Diode Pentode S. 6W 2.0 0.6 4 9 .007 R.F. Amplifier 180 5 - 1... 67 5 0 6 2.0 1 000000 650 650 - -, 

1F6 A.F. Amplifier 135 - 1.0 135 Plate, 0.25 megohm; screen, 1.0 megohm Amp. =48 



TABLE VI-2.0-VOLT BATTERY RECEIVING TUBES- Continued 

Type Name Base 
Socket 
Connec- 
lions 

Filament Capacitance rapfd. 

U se 

Plate 

Supply 
Volts 

Grid 

° 
Bi s 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
ductance 
Micromhos 

Amp. 
  
 Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

15 R.F. Pentode S. SF 2.0 0.22 2.3 7.8 0.01 ILF. Amplifier 135 - 1.5 67.5 0.3 1.85 800000 750 600 - - 15 

19 Twin-Triode Amplifier S. 6C 2-0 0.26 - ---ii i-..- Class-B Amp. 135 0 ----i - - Load plate-to-plate 10000 2.1 19 

30 Triode Detector Amplifier S. 40 2.0 0.06 .ii, - - Class-A Amp. 180 -13.5 - - 3.1 10300 900 9.3 - - 30 

31 Triode Power Amplifier S. 40 2.0 0.13 3.5 2.7 5.7 Class-A Amp. 180 -30.0 .-i, - 12.3 3600 1050 3.8 5700 0.375 31 

32 Tetrode R.F. Amplifier M. 4K 2.0 0.06 5.3 10.5 .015 R.F. Amplifier 180 - 3.0' 67.5 0.4 1.7 1200000 650 780 --- 32 

33 Pentode Power Amplifier M. 51( 2.0 0.26 8 12 1 Class-A Amp. 180 -18.0 180 5.0 22.0 55000 1700 90 6000 1.4 33 

34 Variable-.. Pentode M. 4M 2.0 0.06 6 11 .015 R.F. Amplifier 180 - 3.0 67.5 1.0 2.8 1000000 620 620 -- - 34 

49 . Dual-Grid Power Amp. M. SC 2.0 0.12 
Class-A Amp. , 135 -20.0 -- •-- 6.0 4175 1125 4.7 11000 0.17 

49 
Class-8 Amp., 180 0 - -- Power output for 2 tubes 12000 3 .5 

840 R.F. Pentode S. Si 2.0 0.13 -- - - Class-A Amp. 180 - 3.0 67.5 0.7 1.0 1000000 400 400 - - 840 

950 Pentode Power Amplifier M. 5K 2.0 0.12 - - Class-A Amp. 135 -16.5 135 2.0 7.0 100000 IODO 100 13500 0.45 950 

RK24 Triode Amplifier M. 4D 2.0 0.12 - - - Class-A Amp. 180 -13.5 - -iii-- 8.0 5000 1600 8.0 12000 0.25 RK24 

1229 Tetrode R.F. Amplifier M. 4K 2.0 0.06 ---- - - Class-A Amp. Special type 32 for low grid current applications 1229 

Grid No. 2 tied to plate. Grids Nos. 1 and 2 tied together. 

TABLE VII - 2.0-VOLT BATTERY TUBES WITH OCTAL BASES 

Type Name 

socket 

Cannes- 
lions 

Fil. or Heater Capacitance µµfd. 

Use 
Plate 

, 
Sup" 
Volts 

Grid 
Bias 

 _   

Screen 
Volts 

_  

Screen 
Volts 

----

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
F , 
oc °I. 

Load 
. 

Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

1C7G Pentagrid Converter 7Z 2.0 0.06 - -- Converter Characteristics same as Type 106-Table VI 1C7G 

IDSGP Variable-µ R.F. Pentode SY 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 1A4P-Table VI 1125GP 

1D5GT Variable-µ R.F. Tetroda SR 2.0 0.06 - - - R.F. Amplifier 180 1 - 3.01 67.5 1 0.7 1 2.2 600000 I 650 j 1D5GT 

1137G Pontagrid Converter 7Z 2.0 0.06 --- - .- Converter Characteristics same as Type 1A6-Table VI 1D7G 

IESGP R.F. Amplifier Pentode SY 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics some as Type 184-Table VI 1ESGP 

1E7G Double Pentode Power Amp. 8C 2.0 0.24 .....-. - Class-A Amplifier 135 1 - 7.51 135 1 2.0 1 1 6.5 2 1 220000 1 1600 j 350 j 24000 j 0.65 1E7G 

IPSO Pentode Power Amplifier 6X 2.0 0.12 - - - Class-A Amplifier Characteristics some as Type 1F4-Table VI IFSG 

1F7GV 2 Duplex-Diode Pentode 7AD 2.0 0.06 3.8 9.5 0.01 Detector-Amplifier Characteristics same as Type 1F6-Table VI 1F7GV 

1GSG Pentode Power Amplifier 6X 2.0 0.12 , --i - - Class-A Amplifier 135 1 -13.51 135 1 2.5 I 8.7 1 160000 I 1550 250 j 9000 f 0.55 1G5G 

IH4G  Triode Amplifier 5S 2.0 0.06 - - - Detector-Amplifier Characteristics same as Type 30-Table VI 1H4G 

IH6G Duplex-Diode Triode 7AA 2.0 0.06 1.6 1.9 3.6 Detector-Amplifier Characteristics some as Type 185-Table VI 1H6G 

1.15G Pentode Power Amplifier 6X 2.0 0.12 - Class-A Amplifier 135 I -16.51 135 1 2.0 I 7.0 I - 1 950 f 100 j 13500 f 0.45 1J5G 

1J6G Twin Triode 7AB 2.0 0.24 - - Class-B Amplifier Characteristics same as Type 19-Table VI 1.160 

4A6G Twin Triode 81 
2.0 0.12 

- - 
Class-A, I section 90 - 1.5 - 1.1 26600 I 750 20 

4A6G 
4.0 0.06 Class-B, 2 seclions 90 - 1.5 ii - 1.1 8000 1.0 

1 Total current for both sections; no signal. :Also ypo G or GH. 

TABLE VIII- 1.5-VOLT FILAMENT DRY-CELL TUBES 

See also Table X for Special 1.4-volt Tubes 

Type 

1A5G 

1A7G 

Name 

Pentode Power Amplifier 

Pentagrid Converter 

Base 
Socket 
Connec-
tions 

FiL or Heater 

Volts 

Capacitance pfd. 

Amps. In Out 
Plate-
Grid 

Use 

1Max. signal plate current = 10.8 Ma. 

Plate 
Supply 
Volts 

Grid 
Bias 

Scroen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output Type 
M-watts 

O. 

O. 

6X 

7Z 

1.4 

1.4 

0.05 

0.05 

Class-Ai  Amp. 

Osc.-Mixer 

90 

90 

-4.5 90 

45 

0.8 

0.6 

4.0 

0.55 

300000 

600000 

850 240 25000 

Anode-grid volts 90 

115 1ASG 

IA7G 



TABLE VIII- 1.5-VOLT FILAMENT DRY-CELL TUBES-Continued 

Type Name Base 
Socket 
Connec-
Hans 

Filament Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
wvolts as 
8 

Screen  
Screen 

 Current 
m .. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tronscon- 
duclance 
Mscromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
M-watt 

Type 
Volts Amps. In Out Plate- 

Grid 

lABS Pentode R.F. Amplifier O. 54F 1.2 0.05 2.8 4.2 0.25 R.F. Amplifier 
90 o 90 0.8 3.5 275000 1100 

- - IAB5 150 _ 1.5 150 2.0 6.8 125000 1350 

IB7G Pentogrid Converter O. 7Z 1.4 0.1 - Converter 90 o 45 1.3 1.5 350000 Grid No. 1 resistor 200,000 ohms 1B7G 

1B8GT Diode Triode Pentode O. 8AW 1.4 0.1 - '--- 
- 

Triode Amplifier 
Pentode Amp. 

90 
90 

o 
-6.0 

- 
90 

- 
1.4 

0.15 
6 .3 

240000 
•-•-- 

275 
1150 

- 
-- 

- 
14000 

- 
310 1B8GT 

1C5G Pentode Power Amplifier O. 6X 1.4 0.1 - - - Class-Al Amp. 90 -7.5 90 1.6 7.5 115000 1550 165 8000 240 IC5G 

1138GT Diode Triode Pentode O. 8AJ 1.4 0.1 - - - 
Triode Amp. 
pene.d. Amp. 

90 
90 

o 
-9.0 

-- 
90 

- 
1.0 

1.1 
5.0 

43500 
200000 

575 
925 

25 
---- 

- 
--- 

- 
- 

IDBGT 

1E4G Triode Amplifier 0. 55 7.4 0,05 2.4 6 2.40 Class-A Amp. 90 90 o -3.0 - - 4.5 
1.5 

11000 
17000 

1325 
825 

14.5 
14 

- - 1E4G 

104G Triode Amplifier 0. 55 1.4 0.05 2.2 3.4 2.80 Class-A Amp. 90 -6.0 - -... 2.3 10700 825 8.8 - --- 104G 

1G6G Twin Triode O. 7AB 1.4 0.1 - 
Class-A Amp. 90 o -- - 10 45000 675 30 - --

106G 
Class-B Amp. 90 o - - 1/7 34 volts input per grid 12000 675 

1H5G Diode High-0 Triode O. 5Z 1.4 0.05 1.1 6 1.00 Class-A Amp. 90 0 - -- 0.14 240000 275 65 - --- 1HSG 
1LA4 Pentode Power Amplifier L. 5A0 1.4 0.05 - - - Class-A Amp. 90 Characteristics same as 1A5G IL A4 
ILA6 Pentagrid Converter L. 7AK 1.4 0.05 --- - Converter 90 o 45 0.6 0.55 Anode Grid Volts 90 11 A6 
11134 Pentode Power Amplifier L. SAD 1.4 0.05 -- -- - Class-A Amp. 90 -9 90 1.0 5.0 200000 925 I ---. I 12000 200 1LB4 
1166 Heptode Converter L. SAX 1.4 0.05 -- - - Converter 90 o 67.5 2.2 0.4 Gnd No. 4-67.5 v., No. 5-0 v. 1186 
ILC5 Triple-Grid Variable-0 L. 7A0 1.4 0.05 3.2 7 .007 R.F. Amplifier 90 0 45 0.2 1.15 1500000 775 ---, - - I LCS 
1LC6 Pentogrid Converter L. 7AK 1.4 0.05 -- - - Converter 90 o 35 , 0.7 0.75 Anode G id Volts 45 I LC6 
1105 Diode Pentode L. 6AX 1.4 0.05 3.2 6 0.18 Closs-A Amp. 90 o 45 0.1 0.6 950000 600 - - - 1LDS 

ILE3 Triode Amplifier L. 4AA 1.4 0.05 1.7 3 1.70 Class-A Am p. 90 
90 

o 
-.3 

- - 
4.5 
1.3 

11200 
19000 

1300 
760 14.5 - -- 1183 

ILGS Pentode R.F. Amp. L. Fig. 42 1.4 0.05 - -- - Class-A Amp. 90 o 45 0.4 1.7 1000000 800 - - ---. lEGS 
11H4 Diode High-0 Triode I.. 5AG 1.4 0.05 1.1 6 1.00 Class-A Amp. 90 o --. - 0.15 240000 275 65 -- -.-. 1LH4 
I LN5 Triple-Grid Amplifier L. 7A0 1.4 0.05 3.4 8 .007 Class-A Amp. 90 o 90 0.3 1.2 1500000. 750 -- --. LN5 
1N5G Pentode R.F. Amplifier O. sy 1.4 0.05 3 10 .007 Class-A Amp. 90 o 90 0.3 1.2 1500000 750 1160 - -.--. N5G 
1N6G Diode-Power-Pentode O. 7AM 1.4 0.05 -- -- -i-- Class-A Amp. 90 -4.5 90 0.6 3.1 300000 800 -- 25000 100 1N6G 
1P5G Triple-Grid Pentode O. ST 1.4 0.05 3 10 .007 R.F. Amplifier 99 o 90 0,7 2.3 400000 800 640 -- - IP5G 

IQ5G Tetrode Power Amplifier O. 6AF 1.4 0.1 - - -- ,,,, - Class-A Amp. 
85 -5.0 85 1.2 7.2 70000 1950 

- 
9000 250  ,, 90 -4.5 90 1.6 9.5 75000 2100 8000 270 ..1''''' 

IR4/1294 1.1.h.f. Diode L. 4AH 1.4 0.15 - - Rectifier Max. r.m.s. voltage per p ate-30 Max. d.c. output current-340 pa. 1R4/1294 
1SA6GT  R.F. Pentode O. 6CA 1.4 0.05 5.2 8.6 0.01 R.F. Amplifier 90 o 67.5 0.68 I 2.45 800000 970 - - 1SA6GT 

1S86GT Diode Pentode O. 6CB 1.4 0.05 3.2 3 0.25 Class-A Amp. 90 o 67.5 0.38 1.45 700000 665 ---- -, -- 
1SB6GT R.C. Amplifier 90 90 Screen resistor 5 meg., grid 10 meg. 1 meg. 110 6 

ITSGT  Beam Power Amplifier O. 6AF 1.4 0.05 4.8 8 0.50 Closs-A Amp. 90 -6.0 90 1.4 6.5 - 1150 - 14000 170 1TSGT 
387/1291  Uhf. Twin Triode I.. 78E 1.4 0.22 -- - -..- Class-A Amp. 90 o - - 5.2 11350 1850 21 •-•-• -- 367/1291 
1293 Uhf. Triode L. Fig. 2 1.4 ' 0.11 -- - Class-A Amp. 90 o - - 4.7 10750 1300 14 - --- 1293 
3D6/I299 Uhf. Tetrode l 61fil 1.4 0.22 7.5 6.5 0.30 Class-A Amp. 135 -6 90 0.7 5.7 - 2200 -- 13000 0.5 3D6/I299 
CK501 Pentode Voltage Amplifier -1 -- , 1.25 0.033 - - - Class Amp. 

30 o 30 0.06 0.3 1000000 325 -A 
45 -1.25 45 0.055 0.28 1500000 300 --. ,-- - CK501 

CK502 Pentode Output Amplifier --,1 -- ' 1.25 0.033 --- - - Class-A Amp. 30 o 30 0.13 0.55 500000 400 --- 60000 3 CKSO2 CK503 Pentode Output Amplifier - 1 --- 2 1.25 0.033 --- ---- -- Class-A Amp. 30 o 30 0.33 1.5 150000 600 ---- 20000 6, CK503 CK504 Pentode Output Amplifier - 1 -- 1 1.25 0.033 .-... ....... Class-A Amp. 30 -1.25 30 0.09 0.4 500000 350 - 60000 3, CK504 
CK505 Pentode Voltage Amplifier - i -- 0.625 6 0.03 --- - -- Class-A Amp. 30 o 30 0.07 0.17 1100000 140 

45 -1.25 45 0.08 0.2 2000000 150 - -- - CK505 
CK506 

0(507 
Pentode Output Amplifier - 1 -- ' 1.25 0.05 - --, --- Class-Ai Amp. 45 -4.5 45 0.4 1.25 120000 500 - 30000 25 CK506 
Pentode Output Amplifier - 1 --- ' 1.25 0.05 -- - --- Class-At Amp. 45 -2.5 45 0.21 0.6 360000 500 - 50000 12 CK507 



TABLE VIII- 1.5-VOLT FILAMENT DRY-CELL TUBES-Continued 

Type Name Base 
Socket 
Connec-
lions 

Filament Capacitance µAd. 

Use 
Plate 

Svurt.IY 
Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tronscon-
ductance 
Micromhos 

Amp. 
Fa t 

c or 

Load 
Resistance 
Ohms 

Power 
Output 
M-watts 

Type 
Volts Amps. In Out 

Plate- 
Grid 

CK509 Triode Voltage Amplifier - 1 ---,' 0.625'• 0.03 --. ---, Class-A Amp. 45 o - - 0.15 150000 160 16 1000000 - CK509 
CKSIO Dual Space-Charge Tetrode - ' -.- 7 0.625 ' 0.05 ---. - - Class-A Amp. 45 o 0.2 200 Ma 60 pa 500000 65 32.5 - -- CK510 
CK515BX Triode Voltage Amplifier - 1 ---- 7 0.625 7' 0.03 - --•-•• --- Class-A Amp. 45 0 - - 0.15 - 160 24 1000000 - CK515BX 
HY113 
HYI23 

Triode Amplifier - ' SK = 1.4 0.07 - - --- ass- Amp. ClA A 45 -4.5 - - 0.4 25000 250 6.3 40°°0 6.5 
HY113 
HY123 

HY115 
HY145 

Pentode Voltage Amplifier -' 5K 1.4 0.07 - - - Class-A Amp. 
45 
90 

-1.5 
-1.5 

22.5 
45 

0.008 
0.1 

0.03 
0.48 

5200000 
1300000 

58 
270 

300 
370 -... - 

HYI15 
HYI45 

HYI25 
HY155 

Pentode Power Amplifier -' 5K 1.4 0.07 - - - Class-A Amp. 
45 
90 

-3.0 
-7.5 

45 
90 

0.2 
0.5 

0.9 
2.6 

825000 
420000 

310 
450 

255 
190 

50000 
28000 

11.5 
90 

HY125 
HYI55 

RK42 Triode Amplifier S. 40 1.5 0.6 - - --, Class-A Amp. Characteristics same as Type 30-Table VI RK42 

RK43 Twin Triode Amplifier S. 6C 1.5 0.12 - - - Class-A Amp. 135 -3 - - 4.5 14500 900 13 - - RK43 

1 special miniature peanut base. 
= With 5-megohm grid resistor and 0.02-dd. grid coupling condenser. 
'Na screen connection. 

Through series resistor. Screen voltage must be al least 
10 volts lower than oscillator anode. 

,Two tubes connected in series for 1.4-volt operation. 

TABLE IX- HIGH-VOLTAGE HEATER TUBES 

Voltage gain. 
7 Tinned wire leads extend from bottom of tube. 

Connections are labeled on tube. 

Ty Type Plate- Name Base 
Socket 
Connec- 
tions 

Heater Capacitance Md. 

Use 
Plate 
Supply 
Volts 

Grid 

Bias 

Screen 

V°Its 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon. 
ductance 
Micromhos 

Amp. 
, Factor 

or 
'' 

Load 

Ohms Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. In Out Gad 

12A5 Pentode Power Amplifier M. 7F 12.6 
6.3 

0.3 
0.6 - - - Class-A ' Am p' 

100 
180 

-15 
-25 

100 
180 

3/6.5 
8/14 

17/19 
45/48 

50000 
35000 

1700 
2400 

- 
- 

4500 
3300 

0.8 
3.4 

12A5 

12A6 Beans Power Amplifier O. 7AC 12.6 0.15 - - - Class-A Amp. 250 -12.5 250 3.5 30 70000 3000 - 7500 3.4 12A6 

12A7 Rectifier-Amplifier M. 7K 12.6 0.3 - --••• - Class-A Amp. 135 -13.5 135 2.5 9.0 102000 975 100 13500 0.55 I2A7 
12A8GT Pentagrid Converter O. 8A 12.6 0.15 - -- - Converter Characteristics same as 6A8-Table I2A8GT 
12AH7GT Twin Triode 0. 811E 12.6 0.15 Each Triode Sect. Class-A Amp. 180 - 6.5 - --• 7.6 8400 1900 16 -•-. -. 12 AH7GT 
12B6M Diode Triode 0. 6Y 12.6 0.15 - - - Class-A Amp. 250 - 2.0 ....... - 0.9 91000 1100 100 - 12B6M 
12B7ML Pentode Amplifier 0. BV 12.6 0.15 - - - Class-A Amp. 250 - 3.0 100 2.6 9.2 800000 2000 - - - 12B7ML 

12B8GT Triode-Pentode O. 13T 12.6 0.3 Triode Section 
Pentode Section 

Class-A Amp. 
Class-A Amp. 

100 
100 

- 1 
- 3 

- 
100 

-• 
2 

0.6 
8 

73000 
170000 

1500 
2100 

110 
360 

- - 
- 

12B8GT 

12C8 Duplex-Diode Pentode 0. 8E 12.6 0.15 6 9 .005 Class-A Amp. Characteristics same as 6138-Table I I2C8 

12E5GT Triode Amplifier O. 60 12.6 0.15 3.4 5.5 2.60 Class-A Amp. 250 -13.5 - -- 50 - 1450 13.8 - - 12E5 GT 

12F5GT Triode Amplifier O. 5M 12.6 0.15 1.9 3.4 2.40 Class-A Amp. Characteristics same as 6F5-Table I 12F5GT 

12G7G Duplex-Diode Triode 0. 7V 12.6 0.15 - - Class-A Amp. 250 1 - 3.01 -. 1 1 -- 1 58000 1 1200 1 70 1 - 1 - 12G7G 

12H6 Twin Diode 0. 70 12.6 0.15 -- --• - Rectifier Characteristics same as 6H6-Table I 12H6 

12J5GT Triode Amplifier 0. 60 12.6 0.15 3.4 3.6 3.40 Class-A Amp. Characteristics some as 6J5-Table I 12J5GT 
12J7GT Pentode Voltage Amplifier O. 7R 12.6 0.15 •--- --.. Class-A Amp. Characteristics some as 6J7- Tabla I 12J7GT 

I2K7GT Remote Cut-off Pentode O. 7R 12.6 0.15 4.6 12 .005 R.F. Amplifier Characteristics same as 6K7-Table I 12K7GT 

12K8 Triode Hexode Converter O. 8K 12.6 0.15 --- - Converter Characteristics same as 6K8-Table I 12K8 

12L8GT Twin Pentode O. 8BU 12.6 0.15 5 6 0.70 Class-Ai Amp. 180 1- 9.0 1 180 1 2.8 1 13.0 1 160000 1 2150 1 - 1 10000 11.0 12L8GT 

1207GT Duplex-Diode Triode 0. 7V 12.6 0.15 2.2 5 1.60 Class-C Amp. Characteristics same as 607-Table I 12Q7GT 

125A7 Pentogrid Converter O. BR 12.6 0.15 - - - Converter Characteristics same as 65A7-Table I 125A7 

125C7 Twin Triode 0. 85 12.6 0.15 - --.. -.• Class-A Amp. Characteristics same os 65C7-Table 1 125C7 

125F5 High-µ Triode O. 6AB 12.6 0.15 4 3.6 2.40 Class-A Amp. Characteristics some as 65E5-Tablet 125F5 

125E7 Diode Variable-et Pentode O. 7AZ 12.6 0.15 5.5 6.0 .004 Class-A Amp. Characteristics some as 65F7-Table I 125F7 

12507 Triple-Grid Variable-µ 0. 8BK 12.6 0.15 8.5 7.0 .003 Class.A Amp. Characteristics same as 6507-Table I 125G7 



TABLE IX- HIGH-VOLTAGE HEATER TUBES-Continued 

Type Nome Base 
Socket 
Connec-
lions 

Heater Capacitance ;Add. 

Use 
Plato 
Supply 

Volts 

G rid 
Sias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tran«on- 
duciance 
Micromhos 

A mp. 
F. . 

Cen. 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps. In Out 
Plate- 

Grid 

12SH7 H-F Amplifier Pentode O. 8BK 12.6 0.15 8.5 7.0 .003 H-F Amplifier Characteristics same as 65H7-.:Table I 12SH7 
125.17 Pentode Voilerie Amplifier O. 8N 12.6 0.15 - -- Class-A Amp. Characteristics some as 6517-Table I 12517 
1251(7 Remote Cut-off Pentode O. 8N 12.6 0.15 6.0 7.0 .003 R.F. Amplifier Characteristics same as 65K7-Table I I25K7 
125L7GT Twin Triode O. 8BD 12.6 0.15 -- - -- Class-A Amp. Characteristics some as 651.7GT-Table It 1251.7GT 
125N7GT Twin Triode O. 8BD 12.6 0.3 - -.-- Class-A Amp. Characteristics some as 65N7GT-Toble II 125N7GT 
12507 Duplex-Diode Triode O. BO 12.6 0.15 3.2 3.0 1.60 Class-A Amp. Characteristics same as 6507-Table I 12507 
125127 Duplex-Diode Triode O. 80 12.6 0.15 3.6 2.8 2.40 Class-A Amp. Characteristics same as 6R7-Table I 125127 

12517 %etude Converter O. BR 12.6 0.15 °sc.-0dd 
20000 ohms 

leak Converter 250 - 2 100 8.5 r3.5 1 10000001 450 -- -- 12SY7 
14A4 Triode Amplifier L. SAC 14 0.16 3.4 3.0 4.00 Class-A Amp. Characteristics some as 7A4 -Table Ill I4A4 
14A5 Beans Power Amplifier L. 6AA 14 0.16 - - Class-Al Amp. 250 -12.5 250 3.5/5.5 30/32 70000 3000 - 7500 2.8 14A5 
14A7/ 
1287 Triple-Grid Variable-1A L. 8V 14 0.16 6.0 7.0 .005 Class-A Amp. 250 - 3.0 100 2.6 9.2 800000 2000 - - - I4A7/ 

1287 
14AF7 Twin Triode L. BAC 14 0.16 2.2 1.6 2.30 Class-A Amp. 250 -10 ••,-... - 9 7600 2100 16 - - 14AF7 
1486 Duplex-Diode Triode L. 8W 14 0.16 - - - Class-A Amp. Characteristics same as 786 -Table III 1486 
1488 Pentagrid Converter L. 8X 14 0.16 la =4 Ma. Converter Characteristics same as 7E18 -Table III 1488 
14C5 Beam Power Amplifier L. 6AA 14 0.24 - - Class-A Amp. Characteristics some as 6V6 -Table I 14C5 
I4C7 Triple-Grid Amplifier L. 8V 14 0.16 6.0 6.5 .007 Class-A Amp. 250 I - 3.01 100 I 0.7 2.2 I 10000001 1575 I - - - 14C7 
14E6 Duplex-Diode Triode L. BW 14 0.16 - ....... -- Class-A Amp. Characteristics some as 7E6 -Table III 14E6 
14E7 Duplex-Diode Pentode L. 8AE 14 0.16 4.6 5.3 .005 Class-A Amp. Characteristics same as 7E7 -Table Ill 14E7 

.4. 14F7 
CS 

Twin Triode L. SAC 14 0.16 - - - Class-A Amp. Characteristics same as 7F7 -Table III 14F7 
CI 

14H7 
Triple-Grid Semi-

Variable-a L. 8V 14 0.16 8.0 7.0 .007 Class-A Amp. 250 - 2.5 150 3.5 9.5 800000 3800 - - - 14H7 

14.17 Triode-Hexode Converter L. BAR 14 0.16 Ipt --5 Ma. Converter Characteristics same as 7.17 -Table Ill 14.17 
14N7 Twin Triode L. BAC 14 0.32 ---- - - Class-A Amp. Characteristics same as 7N7 -Table Ill 14N7 

1407 Heptode Pentagrid 
Converter 

L BAL 14 0.16 - - - Converter Characteristics same as 707 -Table III 1407 

14R7 Duplex-Diode Pentode L. 8AE 14 0.16 5.6 5.3 .004 Class-A Amp. Charac   ' tics some as 7R7 -Table Ill I4R7 
1457 Triode Heated° L: BBL 14 0.16 110=5 Ma. Converter 250 - 2.0 100 3 1.8 1250000 525 - - ...-, 1457 
14V7 H.f. Pentode I,. 8V 14 0.24 - - - Class-A Amp. 300 - 2.0 150 3.9 9.6 300000 5800 - - ••••• I4V7 
14W7 Pentode L. 881 14 0.24 Rk = 160 ohms Class-A Amp. 300 - 2.2 150 3.9 10 300000 5800 - - -. 14W7 
18 Pentode M. 6B 14 0.30 - - - Class-A Amp. Characteristics same as 15F6G 18 
20J8GM Triode Heptode Converter O. 8H 20 0.15 •-•-- -- Converter 250 - 3.0 100 3.4 I 1.5 Triode Plate (No. 6) 100 v. 1.5 ma. 2018GM 

2IA7 Triode Hexode Converter L. BAR 21 0.16 - - Converter 
150 - 3.0 Triode2.8 3.5 - 1900 32 - - 2IA7 

25A6 Pentode Power Amplifier 0. 75 25 0.3 8.5 12.5 0.20 Class-A Amp. 135 -20.0 135 8 37 35000 2450 85 4000 2.0 25A6 
25A7G Rectifier-Amplifier O. IIF 25 0.3 - - - Class-A Amp. 100 -15.0 100 4 20.5 50000 1800 90 4500 0.77 25A7G 

25AC5G Triode Power Amplifier 0. 60 25 0.3 - - - Class-A Am p. 
110 -I-15.0 -- - 45 -.. 3800 58 2000 

2.025AC5G 
165 Used In dynamic-coupled circuit with 6AF5G driver 3500 3.3 

25E45 Direct-Coupled Triodes 5. 60 25 0.3 - -- - Class-A Amp. 110 o 110 7 45 11400 2200 25 2000 2.0 2585 
25B6G Pentode Power Amplifier 0. 75 25 0.3 - - -- Class-A Amp. 95 -15.0 95 4 45 - 4000 - 2000 1.75 2586G 
251180T Triode Pentode O. IT 25 0.15 -..... - - Class-A Amp. Characteristics same as 12B8GT 25B8GT 
25C6G Beam Power Amplifier O. 7AC 25 0.3 -.--, - Class-A Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 - 2000 3.6 25C6G 

251:18GT Diode Triode Pentode O. 8AF 25 0.15 
Triode Amp. 100 - 1. 0 -.-- .-..- 0.5 91000 1100 100 - - 
Pentode Amp. 100 - 3.0 100 2.7 8.5 200000 1900 - -- - 

25D8GT 

25L6 Beam Power Amplifier O. 7AC 25 0.3 16 13.5 0.30 Class-At Amp. 110 - 8.0 110 3.5/10.5 45/48 10000 8000 80 2000 2.2 25L6 
25N6G Direct-Coupled Triodes 0. 7W 25 0.3 .- - - Class-A Amp. 110 0 110 7 43 11400 2200 25 2000 2.0 5N6G 



TABLE IX- HIGH-VOLTAGE HEATER TUBES- Continued 

Type Name Base 
Socket 
Connec- 
lions 

Heater Capacitance ppfd. 

Use 
Plate 

Svuritl: 
Grid 
Bias 

Screen 
Volt s 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

 Amp. 
Fa t 

c "" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

26A7GT 
Twin Beam-Power Audio 

Amplifier 
O. BBU 26.5 0.6 

Each Unit 
Push-Pull , 

Class-A Amp. 26.5 - 4.5 26.5 2/5.5 20/20.5 2500 5500 - 1500 0.2 26A7GT 
Class-AB Amp. 26.5 - 7.0 26.5 2/8.5 19/30 - - -' 2500 1 0.5 

Diode Telrode O. BZ 32.5 0.3 -v- -. Class-A Amp. 110 - 7.5 110 3 40 15000 6000 - 2500 1.5 32L7GT 
32L7GT 

35A5 

-Beam 

Beam Power Amplifier L. 6AA 35 0.15 - •- Class-At Amp. 110 - 7.5 110 3/7 40/41 14000 5800 - 2500 1.5 35A5 

35L6G Beam Power Amplifier O. 7AC 35 0.15 13 9.5 0.80 Class-At Amp. 110 - 7.5 110 3/7 40/41 13800 5800 -•-.. 2500 1.5 35L6G 

43 Pentode Power Amplifier M. 6B 25 0.3 8.5 12.5 0.20 Class-A Amp. 95 -15.0 95 4.0 20.0 45000 2000 90 4500 0.90 43 

48 Tetrode Power Amplifier M. 6A 30 0.4 -• - -.- Class-A Amp. 96 -19.0 96 9.0 52.0 .-- 3800 - 15op 2.0 48 

50A5 Beam Power Amplifier L. 6AA 50 0.15 - - - Class-Ai Amp. 110 - 7.5 110 4/11 49/50 10000 8200 - 2000 2.2 50AS 

50C6GT Beam Power Amplifier O. 7AC 50 0.15 - --- - Class-Al Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 ...-• 2000 3.6 50C6GT 

50L6GT Beam Power Amplifier O. 7AC 50 0.15 -- - - Class-A Amp. 110 - 7.5 110 4/11 49/50 - 8200 82 2000 2.2 50L6GT 

70A7GT Diode-Beam Tetrad's O. CAB' 70 0.15 -- -- - Class-A Amp. 110 - 7.5 110 3.0 40 - 5800 80 2500 1.5 70A7GT 

70L7GT Diode-Beam Tetrode O. 8AA 70 0.15 .- --. - Class-Al Amp. 110 - 7.5 110 3/6 40/43 15000 7500 - 2000 1.8 70L7GT 

117L7GT/ 
117M7GT ec ' ' er"   Amplifier R t'f  O. 8A0 117 0.09 -- .- - Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 - 4000 0.85 

117L7GT/ 
117M7GT 

117N7GT Rertifier-Amplifier O. 8AV 117 0.09 -- -- - Class-A Amp. 100 - 6.0 100 5.0 51 16000 7000 - 3000 1.2 117N7GT 

117P7GT Rectifier-Amplifier O. BAY 117 0.09 --- -- - Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 - 4000 0.85 117P7GT 

1284 Uhf. Pentode O. Fig. 4 12.6 0.15 Class-A Amp. 250 - 3.0 100 2.5 9.0 8001000 2003 - - - 1284 

1629 Electron-Ray Tube O. 6RA 12.6 0.15 ---, - Indicator Tube Characteristics some as 6E5-.Table IV 1629 

1631 Beam Power Amplifier O. 7AC 12.6 0.45 -- - Class-A Amp. Characteristics same as 6L6-.-Table I 1631 

1632 Beam Power Amplifier O. 7AC 12.6 0.6 -- - Class-A Amp. Characteristics some as 25L6 1632 

1633 Twin Triode 0. 880 25 0.15 --- - Class-A Amp. Characteristics same as 6SN7GT-Table II 1633 

1634 Twin Triode 0. 85 12.6 0.15 -- - - Class-A Amp. Characteristics same as 65C7-Table I 1634 

1644 Twin Pentode O. Fig. 7 12.6 0.15 - -- - Class-A Amp. 180 - 9.0 180 2.8/4.6 13 160000 2150 - 10000 1.0 1644 

XXI) Twin Triode L. BAC 12.6 0.15 - - - Class-A Amp. 250 -10 - -- 9.0 -- 2100 16 - XXD 

2807 
Double Beam Power 

Amplifier 
L. EBS 28.0 0.4 - - - Class -A, Amp. 28 390. 

28 3 0.7 3 9.0 I ......- .--• 4000 1 0.08' 
28D7 

180' 28 3 1.2 3 18.5 3 - - 6000 1 0.175' - 

* Cathode resistor-ohms. 6.3-volt pilot lamp must be connected between pins 6 and 7. 
3Por section (except heated-resistance coupled. 

TABLE X-SPECIAL RECEIVING TUBES 

P.P. operation-values for both sections, rosis once coupled. 
Plate to plate. Each unit. 

Type Name Base 
Socket 
Conn«. 
lions 

Fil. or Heater Capacitance ppfd. 

Uso 
Plate 
Supply 
Volts 

Grid 
"I"..  

Screen 
,,01 ,. 
. 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

A . mp 
F....., 

'' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate. 
Gdd 

00-A Triode Detector M. 40 5.0 0.25 3.2 2.0 8.50 Grid Leak Dot. 45 - - ---- 1.5 30000 666 20 ,--- .-- 00-A 

01-A Triode Detector Amplifier M. 40 5.0 «25 - -.. - Class-A Amp. 135 - 9.0 - --.., 3.0 10000 800 8.0 - 01-A. _ 

2E32 Sub-miniature Pentode I - 1.25 0.05 Class -A Am p. 22.5 0 22.5 e.3 0.4 350000 500 .-- - 2E32 

2E36 Sub-miniature Pentode , - 1.25 0.03 Class-AI Amp 
22.5 0 22.5 0.07 0.27 220000 385 --- 150000 0.0012 

2E36 
45 -1.25 45 0.11 0.45 250000 500 100000 0.006 

2E42 Sub-miniature Diode Pent. , - 1.25 0.03 Detector Amp. 22.5 0 22.5 0.12 0.35 250000 375 - 1 meg. - 2E42 - 

2G22 Sub-minirdure Converter 3 - 1.25 0.05 Converter 22.5 0 22.5 0.3 0:2- 500000 60 ---- - -- 2G22 

3A8GT Diode Triode Pentode O. BAS 
1.4 
2.8 

0.1 
0.05 

--
Class-A Triode 90 0 - - 0.15 240000 275 65 - ....• 

3A8GT 
Class-A Pentode 90 0 90 0.3 1.2 600000 750 - ..- 

3B5GT Beam Power Amplifiers O. 7AP 
21:84 00,:t!,8 - - Class-A Amp. 67.5 - 7.0 67.5 4.4i3 

8.0 
6.7 

100000 
1650 1500 - 5000 

0.2 
0.18 

3B5GT 



TABLE X - SPECIAL RECEIVING TUBES- Continued 

Type Name Base 
Socket 
Connec-
lions 

Fil. or Heater Capacitance jrafd. 

Use 
Plate 

5 . 
999'Y 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos t 

Aop. 
, tor 
c` 

Load 

Resistance 
Ohms 

Power 

Output 
Watts 

Type Volts Amps. In Out Plate- 
Grid 

3C5GT Power Output Pentode O. 7AQ 1.: ::,125 - - --, Class-A Amp. 90 90 1.4 6.0 - 1550 
1450 '-"- 

8000 
10000 

0.24 
0.26 3C5GT 

3C6 Twin Triode L. 781N 
1.4 
2.8 

0.1 
0.05 - -- Class-A Amp. 90 0 - -- 4.5 11200 1300 14.5 -- -..-- 3C6 

- 

31.E4 Power Amplifier Pentode L. 68A 2.8 0.05 -- --• --- Class-A Amp. 90 - 9.0 90 1.8 9.0 110000 1600 ---  6000 0.30 3LE4 
3LF4 Power Amplifier Tetrode L 688 1: g.) „ - - Class-A Amp. 90 - 4.5 90 . 

11.0 
9.5 
8.0 

75000 
moo 

2200 
2000 --«". 

8000 

7000 

0.27 
0.233 3LF4 

- 
305ÓT Beam Power Amplifier O. 7AP 2.8 g..,1,5 P;e7;e8selFifdialammeenntsts Class-A Amp. 90 - 4.5 90 1.3 

1.0 
9.5 
7.5 - 

2100 
1800 - 8000 

0.27 
0.25 305GT 

4A6G Twin Triode Amplifier O. U. 
4 
2 

0.06 
0.12 

Triode« Parallel Class-A Amp. 90 - 1.5 - - 2.2 13300 1500 20 - -..-
4A6G Both Sections Class-8 Amp. 90 0 - - 4.6  --  -- --- 

6F4 Acorn Triode A. 7BR 6.3 0.225 2.0 0.6 1.90 Class-A Amp. 80 150' - - 13.0 2900 5800 

-.-••- 

17 

8000 

--- 

1.0 

---- 6F4 10 Triode Power Amplifier M. 40 7.5 1.25 4.0 3.0 7.00 Class-A Amp. 425 -39.0 - - 18.0 5000 1600 8.0 10200 1.6 10 11/12 Triode Detector Amplifier M. 4F/40 1.1 0.25 - - - Class-A Amp. 135 -10.5 - - 3.0 15000 440 6.6 -- -- 11/12 20 Triode Power Amplifier S. 40 3.3 0.132 2.0 2.3 4.10 Class-A Amp. 135 -22.5 - - 6.5 6300 525 3.3 6500 0.11 20 22 Tetrade R.F. Amplifier M. 4K 3.3 0.132 3.5 10 0.02 Class-A Amp. 135 - 1.5 67.5 1.3 3.7 325000 500 160 - -- 22 26 Triode Amplifier M. 40 1.5 1.05 2.8 2.5 8.10 Class-A Amp. 180 -14.5 -- --- 6.2 7300 1150 8.3 - 26 40 Triode Voltage Amplifier M. 4D 5.0 0.25 2.8 2.2 2.00 Class-A Amp. 180 - 3.0 - - 0.2 150000 200 3j) .--. -. 40 
50 Triode Power Amplifier M. 4D 7.5 1.25 4.2 3.4 7.10 Class-A Amp. 450 -84.0 - - 55.0 1800 2100 3.8 4350 4.6 50 7I-A Triode Power Amplifier M. 40 5.0 0.25 3.2 2.9 7.50 Class-A Amp. 180 -43.0 -- - 20.0 1750 1700 3.0 4800 0.79 71-A 99 10 Triode Detector Amplifier S. 40 3.3 0.063 2.5 2.5 3.30 Class-A Amp. 90 - 4.5 -- - 2.5 15500 425 6.6 ---. -- 99 112A Triode Detector Amplifier M. 40 5.0 0.25 - --- .... Class-A Amp. 180 -13.5 -- - 71 4700 1800 8.5 -- - 112A 1828/ 
4828 

Triode Amplifier M. 40 5.0 1.25 - -- -- Class-A Amp. 250 
- 

-35.0 -• - 18.0 -- 1500 5.0 - -. 182B/ 
4828 183/483 Power Triode M. 40 5.0 1.25 ..... ..... - Class-A Amp. 250 -60.0 i--• - 25.0 18000 1800 3.2 4500 2.0 183/483 485 Triode S. SA 3.0 1.3 -i- Class-A Amp. 180 - 9.0 - - 6.0 9300 1350 12.5 - --- 485 864 Triode Amplifier S. 4D 1.1 0.25 -.. - Class-A Amp. 90 - 4.5 -- - 2.9 13500 610 8.2 ---• -- 864 

954 
Pentode Detector, 

Amplifier A. 5BB 6.3 0.15 3.4 3.0 0.007 
Class-A Amp. 250 - 3.0 100 0.7 2.0 1.5 meg. 1400 2000 --• •-• 

954 Bias Detector 250 - 6.0 100 - Plate to be 

955 
Triode Detector, 

Amplifier, Oscillator A. 5BC 6.3 0.15 1.0 0.6 1.40 Class-A Amp. 
250 - 7.0 - 

current 

6.3 

adjusted 

11400 

to 0.1 

2200 

ma. with no signal 

251 •--- 

..-. 

--- 
90 - 2.5 - - 2.5 14700 1700 25 -..- ...- 955 

956 
Triple-Grid Voriable-µ 

R.F. Amplifier  A. 586 6.3 0.15 3.4 3.0 .007 
Class-A Amp. 250 - 3.0 100 2.7 6.7 700000 1800 1440 - --. 
Mixer 250 -10.0 100 - --. Oscillator peak volts-7 min. 956 

957 
Triode Detector • 

Amplifier, Oscillator A. 5BD 1.25 0.05 0.3 0.7 1.20 Class-A Amp. 135 - 5.0 - - 2.0 20800 650 13.5 .-- ,-- 957 
958 
958-A 

Triode A.F. Amplifier, 
Oscillator  A. 580 1.25 0.1 0.6 0.8 2.60 Class-A Amp. 135 - 7.5 - - 3.0 10000 1200 12 .--• 

958 
958-A 

959 
Pentode Detector, 

Amplifier 
A. SBE 1.25 0.05 L8 2.5 .015 Class-A Amp. 145 - 3.0 67.5 0.4 1.7 800000 600 480 -- -- 959 

7E5/1201 U.h.f. Triode L 88N 6.3 0.15 3.6 2.8 1.50 Class-A Amp. 180 - 3 --• 5.5 12000 ..... 36 - - 7E5/1201 7c4/1203  U.h.f. Diode L 4AH 6.3 0.15 ---. - --- Rectifier Max r.m.s. voltage- 150 Max. d.c. output current-8 ma. 7C4/1203 7AB7 / 
1204 

U.h.f. Pentode L. Fig. 5 6.3 0.15 3.5 4.0 0.06 Class-A Amp. 250 - 2 100 0.6 1.75 800000 1200 -.-• 
--.- ---• 7121 47/ 

1276 Triode Power Amplifier M. 40 4.5 1.14 - --. - Class-A Amp. Characteristics similar to 6A3  1276 
1609 Pentode Amplifier S. 58 1.1 0.25 - --- -- Class-A Amp. 135 I - 1.5 I 67.5 0.65 2.5 i 400000 725 300 --  1609 
9004  U.h.f. Diode A. 48J 6.3 0.15 -- - - Detector Max. a.c. voltage- 117. Max. d.c. output current- 5 ma.  9004 
9005 U.h.f. Diode A. SBG 3.6 0.165 - .-- --- Detector Max. a.c. voltage- 117. Max. d.c. output current- 1 ma. 9005 



TABLE X-SPECIAL RECEIVING TUBES- Continued 

TSP.) Name Base 

Socket 

Conner-
B ons 

Fil. or Heater Capacitance pad. 

Uso 
Plate 

S 
Grid 
Bias 

Screen 
VoltsvuePrilsY 

Screen 
Current 
Ma. 

Plato 
Current 
Ma. 

Plate 
Resistance 

Ohms 

Tronscon- 
ductance 
Micromhos 

A .A  

FjcseP; 
Load 

Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
la 
Pte- 
Grid 

EF-50 
High Frequency Pentode 

Amplifier 
L. Fig. 14 6.3 0.3 - - --, 1.F.-R.F. Amp. 250 150* 250 3.1 10 600000 6300 - - - EF -50 

GIAC44 
GL-464A U.h.f. Triode O. Fig. 17 6.3 0.75 - ,....- - 

Class-A Amp. 
and Modulator 

250 100. -i-.- -- 25.0 7000 
GL-2C44 
GL-464A 

GL-446A 
GL-446B 

Uhf. Triode O. Fig. 19 6.3 0.75 - .- Oscillator, Ann,. 
or Converter 

7 çn 
--- 

200* - 15.0 - 4500 
45 --- .---- 

01.-446A 
G4-4466 

559 
GL-559 

Uhf. Diode O. Fig. le 6.3 0.75 -- --- - 
Detector or trans 

line switch ' 5.0 - - - 24.0 - ---- ---- ---- .....- 559 
GL-559 

M54 Tetrode Power Amplifier ' - 0.625 0.04 - - - Class-A Amp. 30 o 30 0.06 0.5 130000 200 26 35000 0.005 M54 

M64 Tetrode Voltage Amplifier - 0.625 0.02 - - - Class-A Amp. 30 0 - -- 0.03 200000 110 25 - --- M64 

M74 Tetrode Voltage Amplifier t - 0.625 0.02 - - - Class-A Amp. 30 0 7.0 0.01 0.02 500000 125 70 - - M74 

XXB 
Twin Triode 
Frequency Converter 

L. Fig. 9 

2.8/ 
1 .4 
3.2 , j 

1.6 

0.05/ 
0.10 
____ 

- 

---- ,--- ---- Converter, 90, 

0 - -.. 4.5 , 

4.59 

11200' 

112009 

1300' 

13009 
14.5 9 - 

XXB 

_ 3 _ _. 
1.4 ' 
1.4 9 

1900 ' 
1900. 

760 ' 
760. 

14.5 , - - 

XXFM Twin-Diode Triode L. Fig. 10 6.3 0.3 
_ ....._ _ SpeAcmiapliilretrector 

250. - 1 - - 1.9 6700 1500 100 -- - 

XXFM 100. 0 - - 1.2 85000 1000 85 - - 

100 3 .-,... -- -...- 4. -• -..- - - - 

Cathode resistor ohms. No base; tinned wire leads. 
Both Sections. 
Diode plates (A.C. max. volts per plate). 

Max. D.C. output. 
,Section No. 2 recommended for h.f.o. 
«Dry battery operation. 

TABLE XI- MINIATURE RECEIVING TUBES 

Section No. I. 
Amplifier plate. 

'Section Na. 2. 

"Same as X99. Typo V99 is same, 
but socket connections are 4E. 

TYPE, Name Baso 

Socket 

Conner- 
lions 

Fil. or Heater Capacitance u pfd. 

Use 
Plate 

. 
Supp'y 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Tronscon- 
ductonce 
Microinhos 

Am ,.. 
Fact'. 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. In Out 
Plate- 
Grid 

1A3 H. F. Diode B. 5AP 1.4 0.15 .-- - .- 
 DetectorF.M.Discrim. Max. c.c. voltage per plate- 117. Max. output cur ont- 0,5 mo. 1A3 

114 R.F. Pentode Amplifier B. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 90 o 90 2.0 4.5 350000 1025 - ---- - 1L4 

1115 Pentogrid Converter B. 7AT 1.4 0.05 --• --- Converter 90 0 67.5 3.0 1.7 500000 300 Grid No. 1 100000 ohms 1R5 

154 Pentogrid Power Amp. B. 7AV 1.4 0.1 •-.- - - Class-A Amp. 90 - 7.0 67.5 1.4 7.4 100000 1575 - 8000 0.270 154 

155 Diode Pentode B. 6AU 1.4 0.05 
Class-A Amp. 67.5 0 67.5 0.4 1.6 600000 625 - --- - 

155 
R-Coupled Amp. 90 o 90 Screen resistor 3 meg., grid 10 meg. 1 meg. 0.050 

1T4 Trissle-Grid Variable-0 6AR 1.4 0.05 3.6 7.5 0.01 Class-A Amp. 90 o 45 0.65 2.0 800000 750 - -- - 1T4 

1U4 Pentode R.F. Amplifier 

.8. 

B. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 90 o 90 0.45 1.6 1 500000 900 - -- - 1U4 

1U5 Diode Pentode B. 6BW 1.4 0.05 - .-. Class-A Amp. 67.5 0 67.5 0.4 1.6 600000 625 - - ---. 1U5 

3A4 Power Amplifier Pentode B. 7BB 
1.4 
2.8 

0.2 
0.1 4.8 4.2 0.20 Class -A Amp. 

135 
is0 

- 7.5 
_ 0.4 

90 
90 

2.6 
2.2 

14.8 
13.3 

90000 
100000 

1900 -. 8000  
0.6 
0.7 3A4 

3A5 H.F. Twin Triode B. 7BC 
1.4 
2.8 

0.22 
0.11 0.9 1.0 3.20 Class-A Amp. 90 - 2.5 - -- 3.7 8300 1800 15 --- - eAS  

304 Power Amplifier Pentode B. 7BA 
1.4 0.1 Para lei Filaments 

Class A Amp. 90 - 4.5 90 
2.1 9.5 100000 2150 

10000 
0.27 

304 

2.8 0.05 Series Filaments 1.7 7,7 120000 2000 0.24 

354 Power Amplifier Pentode B. 7BA 
1.4 0.1 Parallel Filaments 

Class-A Amp. 90 - 7.0 67.5 
1.4 7.4 

100000 
1575 

8000 
0.27 

354 

2.8 0.05 Series Filaments 1.1 6.1 1425 0.235 

3V4 Power Amplifier Pentode B. 68X 
1.4 0.1 Parallel Filaments Class-A Amp. 90 - 4.5 90 2.1 9.5 100000 2150 -- 10000 0.27 

3V4 

2.8 0.05 Series Filaments Class-A Amp. 90 - 4.5 90 1.7 7.7 120000 2000 - 10000 0.24 



TABLE XI- MINIATURE RECEIVING TUBES - Continued 

Type Nome Bose 
Socket 
Connec-
tions 

Fil. or Heater Capacitance rudd-
Plate Screen Plate Plate Transcon- Load 

Volts Amps. In Out Plate. 
Gad 

Use Supply 
Volts 

Grid 
Bias Screen 

Volts Current 
Ma. 

Current 
Ma. 

Resistance 
Ohms 

ductance 
Micrornhos 

Amp. 
Factor Resistance 

Ohms 

Power 
Output 
Watts 

Type 

6AG5 Pentode R.F. Amplifier B. 78D 6.3 0.3 -• - - Class-A Amp. 250 
um 

200" 
100. 150 

100 2.0 
1.6 

7.0 
5.5 

800000 
300000 

5000 
4750 

- 
___ - .___ - 64G5 

6AJ5 U.h.f. Pentode IL 7PM 6.3 0.175 
B.F. Amplifier 28 200" 28 1.2 3.0 90000 2750 250 --..- -..- 
Class-AB Amp. 180 - 7.5 75 - -›- - ,-. -...- 28000 1.0 

6AJ5 

6AK5 H.F. Pentode S. 7BD 6.3 0.175 
180 200* 120 2.4 7.7 690000 5100 3500 - 

- -- -.-- R.F. Amplifier 150 330 ° 140 2.2 7.0 420000 4300 1800 - 6AK5 
120 200' 120 2.5 7.5 340000 5000 1700 - 6AK6 Power Amplifier Pentode B. 78K 6.3 0.15 3.6 4.2 0.12 Class-A Amp. 100 - 9.0 180 2.5 15.0 200000 2300 -- 10000 1.1 6AK6 6AL5 U.h.f. Twin Diode B. 681 6.3 0.3 - - -- Detector Max. r ms. voltage- 150. Max. d.c. ou put current- 10 ma. , 6AL5 

6AN6 Twin Diode B. 7BJ 6.3 0.2 ,- - - Detector R.m.s. voltage per plate = 75 volts; d.c. output = 3.5 ma. with 25000 ohms and 8 ggf load; 
peak current per plate - 10 ma.; peak inverse voltage = 210. 6AN6 

6AQ5 Beam Power Tetrode B. Fig. 38 6.3 0.45 - - -- Class-A Amp. 
2:: 11 82..55 21850 

3.0 
4.5 

29 
45 

58000 
52000 

3700 
4100 

-- 

- 

5500 

5000 

2.0 

4.5 6A05 

6AQ6 Duodiode Hi-mu Triode B. 7BT 6.3 0.15 1.7 1.5 1.80 Class-A Triode te, I- 31:00 - .....-- 1.0 
0.8 

58000 
61000 

1200 
1150 7,0,,, .- - - 6A06 

6AS6  Sharp Cut-off Pentode B. 7CN 6.3 0.175 4.0 3.0 0.02 Class-A Amp. 120 - 2 120 3.5 5.5 - 3500 

, ... 

- - 

- 

--. 6AS6 6AT6 Duplex Diode Triode B. 7BT 6.3 0.3 2.3 1.1 2.10 Class-A Amp. 250 - 3 - .- 1.0 58000 1200 70 - 6AT6 TI.AU6 Pentode R.F. Amp. B. 7BK 6.3 0.3 5.5 5.0 .0035 Cless-A Amp. 250 - 1 150 4.3 10.8 2000000 5200 - -- 

- 

- 6AU6 6BA6 Remote Cut.off Pentode B. 7CC 6.3 0.3 5.5 5.0 .0035 Class-A Amp. 250 68' 100 4.2 11 1500000 4400 - --- --- 6BA6 
6806 Pentode R.F. Amplifier B. Fig. 36 6.3 0.3 -..-- - - Class-A Am p. 100 - 1 100 5 13 1 20000 2350 - - - 

250 - 3 100 3.5 9 700000 2000 - -. - 
61306 

68E6 Pentagrid Converter B. 7CH 6.3 0.3 Osc. Grid 20000 SI Converter 250 - 1.5 100 7.1 3.0 1000000 475 - 6C4 Triode Amplifier B. 6BG 6.3 0.15 1.8 1.3 1.60 Class-A Amp. 250 - 8.5 .-- - 10.5 7700 2200 17 

- 

- 

- 

- 

6BE6 

6C4 
6J4 U.h.f. Grounded-Grid 

R.F. Amplifier B. 7110 6.3 0.4 - --.- - Grounded-Grid 
Class-A Amp. 

150 
100 

200' 

100 . 

- 

- 

- 

- 

15.0 

10.0 

4500 

5000 

12000 

11000 
55 
55 

- 
-- 

- 
- 

6J4 
6J6 Twin Triode B. 7BF 

6.3 0.45 _ _ Class-A Amp. 
Mixer, Oscillator 

ioo so. _ _ 8.5 7100 5300 38 - - 6J6 
6N4 

12AT6 

U.h.f. Triode Amplifier 

Duplex Diode 

B. Fig. 40 6.3 0.2 3.0 1.6 1.10 Class- F A R. . 
Amplifier 180 - 3.5 - - 12.0 --- 6000 32 - -- 6N4 

12BA6 

Triode 

Remote Cut-off Pentode 

B. 

B. 

7BT 12.6 0.15 2.3 1.1 2.10 Class-A Amp. 250 - 3.0 --- .- 1.0 58000 1200 70 - - 12AT6 

12806 Pentode Amplifier 
7CC 12.6 0.15 5.5 5.0 .0033 Class-A Amp. 250 68* 100 4.2 11.0 1500000 4400 - - 12BA6 

128E6 Pentagrid Converter 

B. Fig. 36 12.6 0.15 4.3 5.0 .004 Class-A Amp. 250 - 3 100 3.5 9.0 700000 2000 - - 

- 

128F6 
B. 7CH 12.6 0.15 Osc. GrId 20000 9 Converter 250 - 1.5 100 7.1 3.0 1000000 475 .- 

- 12[106 

5085 

Duadiade Triode 

Beam 

B. Fig. 37 12.6 0.15 1.8 1.1 2.00 Class-A Amp. 250 - 9 - -- 9.5 8500 1900 16 

- - 12BE6 

Power Amplifier B. 7BZ 50.0 0.15 13 6.5 0.50 Class-A Amp. 110 - 7.5 110 4.0 49.0 14000 7500 - 

- 

3000 

- 

1.9 

12BF6 

50135 
9001 Triple-Grid Detector, 

Amplifier B. 7PM 6.3 0.15 3.6 3.0 0.01 
Class-A Amp. 250 - 3.0 100 0.7 2.0 Over 

1 meg. 1400 - - - 
9001 Mixer 250 - 5.0 100 Osc. peak voltage 4 volts 550 -- - 

9002 Triode Detector, 
Amplifier, Oscillator B. 7TM 6.3 0.15 1.2 1.1 1.40 Class-A Amp. 250 - 7.0 - - 6.3 11400 2200 25 -- 

- 

- 
90 - 2.5 -• 2.5 14700 1700 25 -- 9002 

9003 Triple-Grid Variable-g 
R.F. Amplifier  B. 7PM 6.3 0.15 3.6 3.0 0.01 Class-A Amp. 250 - 3.0 100 2.7 6.7 700000 1800 - 

- 

Mixer 250 -10.0 100 Osc. 9 9003 
9006 1.1.11.f. Diode B. 6BH 6.3 0.15 --- - -- Detector 

peak voltage volts 600 --
Max c.c. voltage-270. Max. d.c. output current-5 ma. onnA 

• Cathode resistor-ohms. 
1 Per Plate. 



TABLE XII - CONTROL AND REGULATOR TUBES 

Type Nome Base 
Socket 
Conner- 
tions 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Altxd.. 

Ma. 

M siunipmprym  

Voltage 

Ovpoeirtaatgineg Operating 
Ma. 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Type Volts Amps. 

Voltage Regulator 0A2 7-pin B. 580 Cold -- - Voltage Regulator - - 185 150 5-30 - - 0A2 082 Voltage Regulator 7-pin B. 550 Cold - - Voltage Regulator -  i- 133 108 5-30 - -- OB2 
0A4G 

Gas Triode 
Starter-Anode Type 6-pin 0. 4V Cold -- - 

Cold-Cathode Starter-Anode 

Relay Tube 

With 105-120-volt a.c. anode supply, peak s oiler-anode a.c. voltage s 70, 

peak r.f. voltage 55. Peak D.C. ma = 100. Average D.C. ma = 25 0A4G 
1847 Voltage Regulator 7-pin B. - - - - Voltage Regulator - 225 82 142 - - 1847 
1C21 

Gas Triode 
Glow-Discharge Type 6-pin 0. 4V Cold - 

Relay Tube 
125-145 

25 66 • 
---. i-- 

73 
1C21 Voltage Regulator 0.1 , 180 , 55  

2A4G Gas Triode Grid Type 7-pin O. 55 Fil. 2.5 2.5 Control Tube 200 100 - - --.-= --- 15 2A4G 284 
Gas Triode Grid Type 

8-pin 0. 60 Htr. 6.3 0.6 
300 300 .-- .--, 1.0 0.1-10 t 19 

254 
605G 5-pin M. SA Htr. 2.5 1.4 Sweep Circuit Oscillator 

6Q5G 2C4 Gas Triode 7-pin B. -- Fil. 2.5 - Control Tube pl ate volts = 350; Grid volts= - 50; Avg. Ma. = 5; Peak Mo. = 20; Voltage drop = 16. 2C4 

2D21 Gas Tetrode 7-pin B. 7BN Htr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - 650 100 0.410 ' 8 
2D21 Relay Tube 400 - - - - 1.0 , - 

3C23 Gas und Mercury Vapor 
Grid Type 

4.p.i. M . 3, 
Fil. 2.5 7.0 Grid-Controlled Rectifier 1000 6000 

- 500 1500 -4.5 ' 15 
3C23 - 100 1500 -2.5 , 15 

604 Gas Triode 7-pin D. 5AY Htr. 6.3 0.25 Control Tube Plate volts = 350; Grid volts = -50; Avg. Ma. = 25; Peak Ma. = 100; Voltage drop = 16. 6D4 

17 Mercury Vapor Triode 4-pin M. 3G Fil. 2.5 5.0 Grid-Controlled Rectifier 7500 ' 
2000 

- ---, 500 200-3000 --- 
17 2500 -5 , 1000 250 - 10-24 

874 Voltage Regulator 4-pin M. 45 - - - Voltage Regulator - 125 90 10-50 - - 874 
876 Current Regulator Mogul - - - -- Current Regulator - ••-- - 40-60 1.7 - -- 876 

884 Gas Triode Grid Type 6-pin 0. 60 Htr. 6.3 0.6 Sweep Circuit Oscillator 300 300 - - 2 25000 - 
884 Grid-Controlled Rectifier 350 300 ---• - 75 25000 - 

885 Gas Triode Grid Type 5-pin S. SA Htr. 2.5 1.4 Same as Type 884 Characteristics same as Type 884 885 
886 Current Regulator Mogul - - - --.- Current Regulator - - - 40-60 2.05 - 886 
967 Mercury Vapor Triode 4-pin M. 3G Fil. 2.5 5.0 Grid-Controlled Rectifier 2500 500 -5 , - - - 10-24 967 
991 Voltage Regulator Bayonet - - - - Voltage Regulator - 87 55-60 2.0 - -- 991 
1265 Voltage Regulator 6-pin - - - -- Voltage Regulator - - 130 90 5..30 - - 1265 
1266 Voltage Regulator 6-pin O. 4AJ Cold - -- Voltage Regulator - - - 70 5-40 - - 1266 
1267 Gas Triode 6-pin 0. 4V Cold -- - Relay Tube Charade istics same as 0A4G 1267 
2050 Gas Tetrode 8-pin O. 8BA Htr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - - 100 0.1-10 , 8 2050 
2051 Gas Tetrode 8-pin O. 8BA Htr. 6.3 0.6 Grid-Controlled Rectifier 350 375 i-i.- - 75 0.1-10' 14 2051 
2523N1/ 
128A5 

Gas Triode Grid Type 5-pin M. 5A Htr. 2,5 1.75 Relay Tube 400 300 - - 1.0 300' 
13 

2523N1/ 
128AS 

KY21 Gas Triode Grid Type 4-pin M. -- Fil. 2.5 10.0 Grid-Controlled Rectifier - - - 3000 500 - - KY21 
RK62 Gas Triode Grid Type 4-pin S. 4D Fil. 1.4 0.05 Relay Tube 45 1.5 - 30-45 0.1-1.5 - 15 RK62 
RM208 Permotron 4-pin M. -  Fil. 2.5 5.0 Controlled Rectifier , 7500 , 1000 - - - - 15 RM208 
RM209 Permatron 4-pin M. -  Fil. 5.0 10.0 Controlled Rectifier , 7500 , 5000 -- ---.-. -..- - 15 RM209 
0A3/VR75 Voltage Regulator 6-pin O. 4AJ Cold -.. - Voltage Regulator -- 105 75 5-40 -- - 0A3/VR75 
0153/VR90 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator -- - 125 90 5-40 --ii. ,- 083/VR90 
0C3/VR105 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - 135 105 5-40 -,-- -- OC3/VR105 
OD3/VRISO Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator -- 185 150 5-40 i.i. .-- OD3/VR150 
KY866 Mercury Vapor Triode 4-pin M. Fig. 8 Fil. 2.5 5.0 Grid-Controlled Rectifier 10000 1000 0-150 - - - KY866 

I Fo use as grid-controlled re tifier or with external magnetic 
control. RM-208 has characteristics of 866, RM-209 of 872. , At 1000 anode volts. 

t When under control peak inverse rating is reduced to 2500. Grid tied o plate. 
'Peak inverse voltage. 

Grid. 
Megehms. 

, Grid voltage. 



TABLE XIII - CATHODE-R AY TUBES AND KINESCOPES 

3 1.1:43 Name 
Socket 
Connec 

liens 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 
Voltage 

Signal- 
Swing 
Voltage 

Max. 
Input 

Voltage I 

Screen 
Input 
Power , 

Deflection 
Sensi ivity 5 Anode 

Pattern 
No. 3 

Color Voltage 
Typo 

Volts Amps. Di D, D., 0, 

2AP1 Electrostatic Cathode-Roy 118 6.3 0.6 
Oscillograph 
Television 

2„ 1000 250 - 60 - - 
660 

0.1 I 0.13 
- Green 2AP1 

500 125 - 30 - - 0.22 0.26 

3AP1/ 
906-P1- 
4-5-11 

Electrostatic Cathode-Roy 7AN 2.5 2.1 Oscillograph 3" 

1500-  430 - SO - - 

550 10 

0.22 0.23 -• 

- 

Green 
Blue 
White 

Green 

3AP1/ 
H:16-PI - 
4-5-11 

3891-
4-11 

1000 285 - 33 -;-- - 0.33 0.35 

600 U0 - 20 - - 0.55 0.58   

3BP1-
4-11 

Electrostatic Cathode-Ray I4A 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - - 

550 - 
0.13 0.17 

1500 430 - 45 - - 0.17 0.23 

WW1 Electrostatic Cathode-Ray Fig. 49 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - ---- 

550 

! 200' 148 3 - 
Green 30pi 1500 

430 - 40 - - 150 3 Ill I -- 

3EP1/ 
1806-P1 

Electrostatic Cathode-Ray 11A 6.3 0.6 
Oscillograph 
Television 

3„ 2000 575 - 60 - - 
550 --. 

0.115 0.154 
- 

.... 
Green 

3Epii 

1806-PI 1500 430 - 45 --- - 0.153 0.205 

3GP1- 
4-5-11 

Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 3" 
1500 350 - SO - - 

550 
- 

- 

0.21 0.24 White 
Green 
Blue 

3GP1- 
4-5-11 

1000 234 - 33 - - 0.32 0.36 

3JP1- 
2-4-11 

Electrostatic Cathode-Ray 14B 6.3 0.6 Oscillograph 3'' 
2000 

1500 

575 

430 

- 60 

- 45 

-- 

-- 

- 

- 
550 

- 0.13 0.17 4000 Green 
Blue 
White 

3JP1- 
2-4-11 • 0.17 0.23 3000 

3KPI Electrostatic Cothode-Ray 11M 6.3 0.6 Oscillograph 3" 
1000 300 - 45 1000 - 

500 - 

68 4 136 3 
Groan 3KPI 

2000 600 - 90 2000 - 52 3 104 3 

5AP1/ 
1805-P1 
5AP4/ 
1805-P4 

Electrostatic Picture Tube 11A 6.3 0.6 Oscillograph 
Television 

5 , 
2000 575 - 35 

- - 500 10 
0.17 0.21 

- Green 
White 

5AP1/ 
1805-P1 
SAP4/ 

1805-P4 
1500 430 - 27 0.23 0.28 

5BP1/ 
1802-P1- 
2-4-5-11 0.4 

Electrostatic Picture Tube 11A 6.3 0.6 Oscillograph 5" 
2000 450 - 40 ---- - 

500 10 
0.3 0.33 Green 

"White 
Blue 

58P1 / 
1802-Pl -
2-4-5-11 1500 337 - 30 - - 0.45 

5CP1- 
2-4-5-11 

Electrostatic Cathode-Ray 1413 6.3 0.6 
Oscillograph 
Television 

5" 
2000 575 - 60 - - 

550 
- 0.28 0.32 4000 white 

Green 
Blue 

5CP1- 
2-4-5-11 

1500 430 - 45 - - - 0.37 0.43 3000 

2000 575 - 60 - - - 0.36 0.41 2000 

5FP1- 
2-4-11 

Electromagnetic Cathode-Ray 5AN 6.3 0.6 Oscillograph 
Television 

5, 7000 250 - 45 - - Green 
White 
Blue 

5FP1- 
2-4-11 4000 250 - 45 - - - - - 

5HP1 
5HP4 

Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 5" 
2000 425 - 40 - 500 

0.3 0.33 - Green 
White 

5HP1 
5HP4 

1500 
310 - 30 0.4 0.44 - 

5JP1-
2-4-5-11 

Electrostatic Cathode-Ray 11E 6.3 0.6 Oscillograph 5" 
2000 520 - 75 - - 

500 
- 0.25 0.28 4000 White 

Green 
Blue 

2-4-5-11 1500 390 - 56 - - - 0.33 0.37 3000 

RP 1 - 
2-4-5-11 

Electrostatic Cathode-Ray 11F 6.3 0'6 
Oscillograph 
Television 

5" 
2000 500 - 60 - - 

500 
- 0.25 0.28 4000 While 

Gruen 

819° 

5LP I - 
2-4-5-11 

1500 375 - 45 - - - 0.33 0.37 3000 

1000 250 - 30 - - - 0.49 0.56 2000 

I -  
4-5-11 

Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 5" 
1500 375 - 50 -- - 

660 
- 0.39 0.42 

- 
White 
Green 
Blue 

5MP1 -5MP 
4-5-11 1000 250 - 33 - - - 0.58 0.64 

UPI-

2-4-11 
Electrostatic Cathode-Ray Fig. 34 6.3 0.6 Oscillogroph 5" 

moo - - 90 - - 
1200 

- 0.12 0.12 15000 Green 
White 
Blue 

5RP1- 

2-4-11 2000 575 - 60 - - - 0.18 0.18 10000 

51P4 Protection Kinescope Fig. 46 6.3 0.6 Television 5" 27000 4900 - 70 200 - - - - - White STP4 

7AP4 Electromagnetic Picture Tube SAJ 2.5 2.1 Television 7" 3500 1000 -67.5 - 2.5 - - - White 7AP4 

713P1- 
2-4-11 

Electromagnetic Cathode-Ray SAN 6.3 0.6 
Oscillograph 
Television 

7„ 7888 250 - 45 - --, White 
Green 
Blue 

7BP1-
2-4-11 4000 250 - 45 - ----• 



TABLE XIII - CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 
Connec- 

H."' 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. I 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 

No. 2 

Voltage 

Signal- 

Swing 

Voltage 

Max. 

Input 

Voltage 

Screen 

Input 
Power , 

Sensi ivityDeflection , Anode 
No. 3 

Voltage 

Pattern 

Color 
TYPe 

Volts Amps. Di Dz Da D4 

7CP1/ 
1811-P1 

Electromagnetic Cathode-Ray 6AZ 6.3 0.6 Oscillograph 7'' 
7000 1470 - 45 250 - 

- --. 
- 

- 
- 
- 

- Green 
7CP1/ 
1811-PI 4000 

840 - 45 250 - 

7DP4 Kinescope Fig. 46 6.3 0.6 Television 7" 6000 1430 - 45 250 - - - - - White IDP4 

7GP4 Electrostatic Kinescope Fig. 47 6.3 0.6 Television 7" 3000 1200 - 84 3000 - - - 123 , 102 , - White 7GP4 

9AP4/ 
I804-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 
9" 7000 1425 - 40 

250 25 - 10 - - - i White 9AP4/ 
1804-P4 6000 1225 - 38 

9CP4 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 9" 7000 - -110 - 25 - 10 - - - White 9CP4 

9jel / 
1809-P1 

Electrostatic-Magnetic Cathode-Ray 8BR 2.5 2.1 Oscillograph 9" 
5000 1570 - 90 

- - 3000 Green 
1809-P1 2500 785 - 45 0.272 - 

10BP4 Magnetic Kinescope Fig. 48 6.3 0.6 Television 10" - 9000 - 45 250 - - - - - - - 10BP4 

I2AP4/ 
1803-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 
7000 1460 

75 250 25 - 10 - - - White 
12AP4/ 
1803-P4 6000 1240 

12CP4 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" 7000 - -110 - 25 - 10 - - White 12CP4 

12DP4 Electromagnetic Cathode-Ray 5AN 6.3 0.6 Television 12" - White 12DP4 
4000 250 - 45 - - - - - - - 

902 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 150 - 60 --• -- 350 5 0.19 0.22 - Green 902 

903 , Electromagnetic Cathode-Ray 6AL 2.5 2.1 Oscillograph 9" 7000 1360 -120 250 - - 10 - - - Green 903 

904 Electrostatic-Magnetic Cathode-Ray Fig. 3 2.5 2.1 Oscillograph 5" 4600 970 - 75 250 - 4000 10 0.09 -- - Green 904 

905 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" 2000 450 - 35 - - 1000 10 0.19 0.23 - Green 905 

907 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics some as Type 905 - - Blue 907 

908 Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics some as Type 3API /906P1 - - Blue 908 

909 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics same as Type 905 _ - Blue 909 

910 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - - - Blue 910 

911 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics some as Type 3AP1/906P1 - - - Green 911 

912 Electrostatic Cathode-Ray Fig. 8 2.5 2.1 Oscillograph 5" 10000 2000 - 66 250 - 7000 10 0.041 0.051 -- Green 912 

913 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 1" 500 100 - 65 - -- 250 5 0.07 0.10 -- Green 913 

914 

1800 , 

Electrostatic Cathode-Ray 

Electromagnetic Kinescope 

Fig. 12 2.5 2.1 Oscillograph 9" 7000 1450 - 50 250 -- 3000 10 0.073 0.093 -- , Green 914 

6AL 2.5 2.1 Television 9" 6000 1250 - 75 250 25 -- 10 - - -- Yellow 1800 

1801 , Electromagnetic Kinescope Fig. 13 2.5 2.1 Television 5" 3000 450 - 35 -- 20 -- 10 -- - -- Yellow 1801 

2001 Electrostatic Cathode-Ray Fig. 2 6.3 0.6 Oscillograph 1" Characteristics essentially same as 913 2001 

2002 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 120 - - -- -- -- 0.16 0.17 -- Green 2002 

2005 Electrostatic Cathode-Ray Fig. 1, 2.5 2.1 Television 5" 2000 1000 - 35 200 -- -- 10 0.5 0.56 -- - 2005 

24-XH .Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscilloscope 2" 600 I 120 - 60 - - - 10 0.14 0.16 - Blue 24-XH 

Between Anode No. 2 and any deflecting plate. - In mw./sq. cm., max. 3 D.C. Volts/in. Cathode connected to pin 7. Discontinued. , In mm/volt d c. 



TABLE XIV - RECTIFIERS- RECEIVING AND TRANSMITTING 

See also Table XI- Control and Regulator Tubes 

Type 
No. 

Name 

_   

Base 
Socket 
Connec- 
tiens 

Cathode 

Flu, or Hooter Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 
Current 
Ma. 

.,. 
'yin  

Volts Amps. 

BA Full-Wave Rectifier 4-pin M. 4J Cold I= -- 350 350 Tube drop 80 v. 
8H Full-Wave Rectifier 4-pin M. 4J Cold Z-D1.- 350 125 Tube drop 90 v. G 
8R Half-Wave Rectifier 4-pin M. 4H Cold M.-. - 300 50 Tube drop 60 v. G 
CE-220 Half-Wave Rectifier 4-pin M. 4P Fil. Km 3.0 - 20 20003 100 HV 

0Y4 Half-Wave Rectifier 5-pin O. 4BU Cold 
Connect Pins 
7 and 8 95 75 300 500 G 

OZ4 Full-Wave Rectifier S-pin 0 4R Cold C=Il - 350 30.-75 1250 200 G 
1 Half-Wave Rectifier 4-pin S. 4G Hi,. 6.3 0.3 350 50 1000 400 MV 
1-V Half-Wave Rectifier 4-pin 5. 4G Htr. Ex. 0.3 350 50 - - HV 
1848 Halt-Wave Rectifier 7-pin B. - Cold 1=11 - 800 6 2700 50 G 
1Z2 Half-Wove Rectifier 7-pin B. 7CB Fil. MOM 0.3 7800 2 20000 10 HV 
2V3G Half-Wave Rectifier 6-pin O. 4AC Fil. 2.5 5.0 - 2.0 16500 12 HV 
2W3 Half-Wave Rectifier 5.pin O. 4X Fil. Eno 1.5 350 55 - - HV 
2X2/879 Half-Wave Rectifier 4-pin M. 4AB Fil. 2.5 1.75 4500 7.5 - -  KV 
2Y2 Half-Wave Rectifier 4-pin M. 4AB Fil. nil 1.75 4400 5.0 - HV 
2Z2/084 Half-Wove Rectifier 4-pin M. 46 Fil. 2.5 1.5 350 SO - - HV 

3824 Half-Wave Rectifier 4-pin M. T-4A Fil. 5.0 
2.5' 

3.0 
3.0 

- 60 
30 

20000 
20000 

300 
150 HV 

3B25 Half-Wave Rectifier 4-pin M. 4P Fil. Elm 5.0 500 4500 2000 G 
3826 Half-Wave Rectifier 8-pin O. Fig. 31 Htr. 2.5 4.75 - 20 15000 8000 HV 
DR-3827 Half-Wave Rectifier 4-pin M. 4B Fil. 5.0 3000 250 8500 1000 HV 

SR4GY Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 900 4 
950" 

150 4 
175' 2800 650 HV 

ST4 Full-Wave Rectifier 5-pin O. ST Fil, 5.0 3.0 450 250 1250 800 HV 
5U4G Full-Wove Rectifier 8-pin O. ST Fil. 5.0 3.0 Same as T 5Z3 HV 
5V4G Full-Wave Rectifier 8-pin O. 51. Htr. 

M 

2.0 Same as Type 83V HV 
5W4 Full-Wave Rectifier 5-pin O. ST Fil. 1.5 350 110 1000 KV 
5X3 Full-Wove Rectifier 4-pin M. 4C Fil. 5.0 2.0 1275 30 -  KV 
5X4G Full-Wove Rectifier 8-pin 0. 50 Fil. 5.0 3.0 . Same as SZ3 HV 
SY3G Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 Same as Type 80 HV 
SY4G Full-Wave Rectifier 8-pin 0. 50 Fil. • 2.0 Some as Type 80 HV 
5Z3 Full-Wove Rectifier 4-pin M. 4C Fil. 3.0 500 250 1400 - HV 
SZ4 Full-Wave Rectifier 5-pin O. SI. Htr. 5.0 2.0 400 125 1100 - HV 
6W5G Full-Wave Rectifier 6-pin 0. 65 Htr. 6.3 0.9 350 100 1250 350 HV 
6X4 Full-Wave Rectifier 7-pin B. Fig. 39 Hie 63 0.6 325 70 1250 210 HV 
6X5 Full-Wove Rectifier 6-pin O. 65 Htr. 0.5 350 75 - -- HV 
6Y5 Full-Wave Rectifier 6-pin S. 61 Htr. 6.3 0.8 350 SO HV 
6Z3 Half-Wave Rectifier 4-pin M. 4G Fil. 6.3 0.3 350 50 - HV 
6Z5 Full-Wave Rectifier 6-pin S. 6K Hie. 0 0.6 230 60 -- - HV 
6ZYSG Full-Wave Rectifier 6-pin 0. 65 Hlr. 0 0.3 350 35 1000 150 HV 
7Y4 Full-Wave Rectifier 8.pin L. 5A8 Her. rill 0.5 350 60 -- -- HV 

7Z4 Full-Wave Rectifier 8-pin L. 5A8 Hie 6.3 0.9 
450 1 
325 s 

100 1250 300 HV 

12A7 Rectifier-Pentode 7-pin 5. 7K Hie ECM 0.3 125 30 -.- -- HV 
12Z3 Half-Wave Rectifier 4-pin S. 4G Hie 12.6 0.3 250 60 HV 
12Z5 Voltee Doubler 7-pin M. 7L Htr. MI 0.3 225 60 ---.• - HV 

14Y4 Full-Wave Rectifier 8-pin L. 5A8 Mr. 12.6 0.3 
450 I 
325 1 70 1250 210 HV 

14Z3 Half-Wave Rectifier 4-pin S. 4G Hie 0 0.3 250 60 - - HV 
25A7G Rectifier-Pentode 8-pin O. 8F Htr. Ma 0.3 125 75 NV 
25X6GT Voltage Doubler 7-pin 0. 70 Htr. EMI 0.15 125 60 -- KV 
25Y4GT Half-Wave Rectifier 6-pin O. SAA Her. ¡UM 0.15 125 75 HV 
25Y5 Voltage Doubler 6-pin S. 6E Hie EM 0.3 250 85 HV 
25Z3 Half-Wave Rectifier 4-pin S. 4G HI,. ECM 0.3 250 50 HV 

2524 Half-Wave Rectifier 6-pin O. SAA Htr. 25 0.3 125 125 --. HV 

2525 Rectifier-Doubler 6-pin S. 6E He. 2.5 0.3 125 100 500 HV 

25Z6 Rectifier-Doubler 7-pin O. 70 Hie 25 0.3 125 100 500 HV 

2825 Full-Wave Rectifier 8-pin L. 5AB Htr. 28 0.24 
450' 
3251 100 --•-• 300 HV 

32L7GT Rectifier-Tetrode 8-pin O. 8Z Hie 32.5 0.3 125 60 - HV 

35W4 Half-Wave Rectifier 7-pin IL SBQ Htr. 35 2 0.15 125 100. 330 600 HV 

35Y4 Hell-Wave Rectifier 8-pin O. SAL Htr. 35 2 0.15 235 
60 
100 s 700 600 1.1V 

3523 Half-Wave Rectifier 8-pin L. 4Z Htr. 35 0.15 250 s 100 700 600 HV 

3524GT Half-Wove Rectifier 6-pin O. SAA Htr. 35 0.15 250 100 700 600 1•11f 

3.52.50 Half-Wave Rectifier 6-pin O. 6AD Htr. 35 2 0.15 125 
60 
100 S 

- 

-"«."". - 
1.1V 

3526G Voltage Doubler 6-pin O. 70 Htr. 35 0.3 125 110 -•-• 500 HV 

40ZSGT Half-Wave Rectifier 6-pin O. 6AD HIT. 40 2 0.15 125 60 
loon -• •-.- KV 

45Z3 Half-Wove Rectifier 7-pin B. SAM Htr, 45 0.075 117 65 350 390 HV 
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TABLE XIV- RECTIFIERS- RECEIVING AND TRANSMITTING-Continued 

See also Table XI- Control and Regulator Tubes 

Type 
Name Base 

Socket 

Connec- 
tiens tions 

Cathode 

Fil. or Heater Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 
Current 

Ma. 

Typo 
'yPe 

Volts Amps. 

45ZSGT Half-Wave Recliner 6-pin O. 6AD Htr. 45° 0.15 125 
60 
100" ..«- .--- HV 

50Y6GT Full-Wave Rectifier 7-pin 0. 70 Mr. 50 0.15 125 85 - - HV 
SOZ6G Voltage Doubler 7-pin 0. 70 Htr. 50 0.3 125 150 - -.- HV 
50Z7G Voltage Doubler 8-pin O. 8AN Htr. 50 0.15 117 65 - .-.- IIV 
70A7GT Rectifier-Tetrode 8-pin 0. 8AB Htr. 70 0.15 125 60 •-•-- - HV 
70L7GT Rectifier-Tetrode 8-pin 0. IMA Htr. 70 0.15 117 70 - 350 1.1V 
72 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 3.0 - 30 20000 150 FIV 
73 Half-Wave Rectifier 8-pin O. 4Y Fil. 2.5 4.5 20 13000 3000 1.1A/ 

80 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 2.0 
350' 
500 , 

125 
125 

1400 375 HV 

81 Hall-Wave Rectifier 4-pin M. 4B Fil. 7.5 1.25 700 85 - - HV 
82 Full-Wove Rectifier 4-pin M. 4C Fil. 2.5 3.0 500 125 1400 400 MV 
83 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 3.0 500 250 1400 800 MV 
83-V Full-Wove Rectifier 4-pin M. 4AD Htr. 5.0 2.0 400 200 1100 -.- HV 
84/6Z4 Full-Wove Rectifier 5-pin S. 5D Htr. 6.3 0.5 350 60 1000 •-•-• MV 
117L7GT/ 
117hA7GT R ecti fier-Tefr°de 8-pin 0. IMO Htr. 117 0.09 117 75 - HV 

117N7GT Rectifier-Tetróde 8-pin 0. 8AV HI,. 117 0.09 117 75 350 450 HV 

117P7GT Rectifier-Tetrode 8-pin 0. 8AV Htr. 117 0.09 117 75 350 450 HV 

-117Z3 Half-Wave Rectifier 7-pin B. 4BR Htr. 117 0.04 117 90 330 1.1V 

117Z4GT Half-Wave Rectifier 6-pin 0. 5AA Htr. 117 0.04 117 90 350 .-. HV 

117Z6GT Voltage Doubler 7-pin 0. 70 Htr. 117 0.075 235 60 700 360 MV 

217-A Half-Wave Rectifier 4-pin J. T-3A Fil. 10 3.23 --. - 3500 600 HV 

j17-C Half-Wave Rectifier 4-pin J. T-3A Fil. 10 3.25 .- - 7500 600 HV 

Z225 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 .- 250 10000 1000 MV 

249-8 Half-Wave Rectifier 4-pin M. Fig. 53 Fil. 2.5 7.5 3180 375 10000 1500 MV 

HK253 Half-Wave Rectifier 4-pin J. T-3A Fil. 5.0 10 .--- 350 10000 1500 HV 

705A 
RK-705A 

Half-Wave Rectifier 4-pin W. T-3AA Fil. 
2.5 ., 
5.0 

5.0 
5.0 

- 
- 

50 
100 

35000 
35000 

375 
750 

liV 

816 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 2.0 1750 125 5000 500 MV 

836 Half-Wave Rectifier 4-pin M. 4P Htr. 2.5 5.0 - 5000 1000 HV 

866A/866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

8668 Half-Wave Rectifier 4-pin M. 4P Fil. 5.0 5.0 - 8500 1000 MV 

866 Jr. Half-Wave Rectifier 4-pin M. 48 Fil. 2.5 2.5 1250 250 , - MV 

HY866 Jr. Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 2.5 1750 250 , 5000 MV 

RK866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

871 ,° Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 2.0 1750 250 5000 SOO MV 

878 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 7100 5 20000 HV 

879 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 1.75 2650 7.5 7500 100 HAI 

872A/872 Half-Wave Rectifier 4-pin J. T-3A Fil. 5.6 7.5 - 1250 10000 5000 MV 

975A Half-Wave Rectifier 4-pin J. T-3A Fil. 5.0 10.0 - 1500 15000 6000 MV 

OZ4A/ 
1003 

Full-Wove Rectifier 5-pin 0. 4R Cold - - - 110 880 - G 

1005/ 
CK1005 

Full-Wave Rectifier 8-pin 0. T-9F Fil. 6.3 0.1 - 70 450 - G 

1006/ 
CK1006 

Full-Wave Rectifier 4-pin M. 4C Fil. 1.75 2.25 - 200 1600 - G 

CK1007 Full-Wave Rectifier 8-pin O. T-9G Fil. 1.0 1.2 - 110 980 - G 

CK1009/BA Full-Wave Rectifier 4-pin M. - Cold - - - 350 1000 - G 

1275 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 1.75 Same as 5Z3 14V 

1616 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 -- 130 6000 800 IlV 

1641/ 
RK60 

Full-Wave Rectifier 4-pin M. T-4AG Fil. 5.0 3.0 --- 
50 

250 
4500 
2500 

- 
- 

HV 

1654 Half-Wave Rectifier 7-pin B. Fig. 41 Fil. 1.4 0.05 2500 1 7000 6 HV 

8008 Half-Wave Rectifier 4-pin ° Fig. 11 Fil. 5.0 7.5 - 1250 10000 5000 MV 

8013A Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 - 20 40000 150 FIV 

8016 Half-Wave Rectifier 6-pin 0. - 4AC Fil. 1.25 0.2 - 2.0 10000 7.5 NV 

8020 Half -Wave Rectifier 4-pin M. 4P Fil. 
5.0 5.5 10000 100 40000 750 

HV 
5.8 6.5 12500 100 40000 750 

RK19 Full-Wave Rectifier 4-pin M. T-3A Htr. 7.5 LS 1250 200° B500 600 HV 

RK21 Half-Wave Rectifier 4-pin M. 4P Htr. 2.5 4.0 1250 200 , 3500 600 HV 

RK22 Full-Wave Rectifier 4-pin M. T-4AG Htr. 2.5 8.0 1250 200 , 3500 600 HV 

, With input choke of at least 20 henrys. 
, Tapped for pilot lamps. 
Per pair with choke input. 
° Condenser input. 
, With 100 ohms min, resistance in series with plate; without 

serles resistor, maximum r.m.s. plate rating is I 17 volts. 

2Same as 872A/872 except for heavy-duty push-type base. 
Filament connected to pins 2 and 3, plate to top cap. 

'Choke input. 
Without panel lamp. 
Using only one-half of filament. 

1° Discontinued. 
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TABLE XV -TRIODE TRANSMITTING TUBES 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Plate 

Currren 
si. • 

Max. 
D.C. 
Grid 
Current 
Ma. 

Amp. 
Factor 

I nterelectrode 
Capacitances ( dd.) Max. 

„.... 

Mc' 
Full 

Rating 

Base 

Socket 

Cannec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

voltage 

Plate 
Curren 
m .. 

D'C• 
Grid 

Curren 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Vans Amps' 

Grid 
to 

Grid 
to 

Plate 

Plate 

958-A 0.6 1.25 0.1 135 7 1.0 12 

0716. oFtio18. 

500 A. 580 Class-C Amp.-Oscillator 135 - 20 7 1.0 0.035 0.6 958-A 
RK24 1.5 2.0 0.12 180 20 6.0 8.0 3.5 5.5 3.0 125 S. 4D Class-C Amp.-Oscillator 180 - 45 16.5 6.0 0.5 2.0 RK24 
6J6 , 1.5 6.3 0.45 300 30 16 32 2.2 1.6 0.4 250 B. 7BF Class-C Amp. (Telegraphy) 150 - 10 30 16 0.35 3.5 6J6 
9002 1.6 KM 0.15 250 8 2.0 25 1.2 1.4 1.1 =mom 7TM Class-C Amp.-Oscillator 180 - 35 -- 0.5 9002 
955 1.6 Maui 0.15 180 8 2.0 25 1.0 1.4 0.6 IMICIBM 5BC Class-C Amp.-Oscillator 180 - 35 - 0.5 955 

HY11413 1.8 1.4 0.155 180 12 3.0 13 1.0 1.3 1.0 300 0. T-8AC 
Class-C Amp.-Oscillator 180 - 30 12 2.0 0.2 1.4 , 

HY114B 
Class-C Amp. Plate-Mod. 180 - 35 12 2.5 0.3 1. 

3A5 , 2.0 
1.4 
2.8 

0. 2 
0.11 150 30 5.0 15 0.9 3.2 1.0 40 B. 7BC Class-C Amp.-Oscillator 150 - 35 30 5.0 0.2 2.2 3A5 

6F4 2.0 6.3 0.225 150 20 8.0 17 2.0 1.9 0.6 500 A. 7BR Class-C Amp.-Oscillator 150 

- 15 

20 7.5 0.2 1.8 6F4 550" 

2000 ‘ 

HY24 2.0 2.0 0.13 180 20 4.5 9.3 2.7 5.4 2.3 60 S. 4D 
Class-C Amp. (Telegraphy) 180 - 45 20 4.5 0.2 2.7 

HY24 
Class-C Amp. (Telephony) 180 - 45 0.3 2.5 

RK33 , 2.5 2.0 0.12 250 20 6.0 10.5 3-2 3-2 2.5 60 S. T-7DA Class-C Amp.-Oscillator 250 - 60 20 6.0 0.54 3.5 RK33 
6N4 3.0 6.3 0.2 180 12 - 32 3.1 2.35 0.55 500 B. Fig. 40 Class-C Amp.-Oscillator 180 ----- 6144 

HY6J5GTX 3.5 6.3 0.3 330 20 4.0 20 4.2 3.8 5.0 60 60 
Class-C Amp.-Oscillator 330 - 30 0.2 3.5 

HY6J5GTX 
Class-C Amp. ( Plate Mod.) 250 - 30 20 2.5 0.3 2.5 

2C22/7193 3.5 6.3 0.3 500 - - -- O. 4AM Class-C Amp. (Telegraphy) - - - - - - 2C22/7193 

HY615 
HY-E1148 

3.5 0 .175 300 20 4.0 20 1.4 1.6 1.2 300 0. T-8A0 
Class-C Amp.-Oscillator 300 - 35 0.4 4.0.• HY615 

HY -E1148 Class-C Amp. Plate-Mod. 300 - 35 20 3.0 0.8 3.5 1 
GL-446A 
GL-44611 I -  

3. 75 0.75 400 20 - 45 2.2 1.6 0.02 500 0. Fig. 19 Class-C Amp.-Oscillator 250 - - - - 
GL-446A 
GL-446B 

GL-2C44 L 
GL-464A L 

5.0 6.3 0.75 500 40 - - 2.7 2.0 0.1 500 O. Fig. 17 Class-C Amp.-Oscillator 250 
..."." ."'. ...." 

GL-2C44 
GL-464A 

6C4 5.0 0.15 300 25 8.0 17 1.8 1.6 1.3 150 B. 6BG Class-C Amp.-Oscillator 300 - 27 25 7.0 0.35 5.5 6C4 

1626 5.0 0.25 250 25 8.0 5.0 

- 

3.2 

1.6 

4.4 3.4 30 0. 60 Class-C Amp.-Oscillator 250 - 70 25 5.0 0.5 4.0 1626 
2C21/ 
RK33, RK33 

5.0 6.3 0.6 250 40 12 1.6 2.0 - S. T-7DA Class-C Amp.-Oscillator 250 - 60 40 12 1. 0 7 
2C21/ 

2C40 6.5 6.3 0.75 500 25 - 36  

48 

2.1 1.3 0.05 500 • Fig. 19 Class-C Amp.-Oscillator 250 - 5 20 0.3 - 0.075 2C40 
2C43 12 6.3 0.9 500 40 - 2.9 1.7 0.05 1250 • Fi.. 19 Class-C Amp.-Oscillator 470' -- 38' --• 9' 2C43 

2C26A 10 6.3 1.10 3500 ' - - 16.3 2.6 2.8 1.1 250 • 4BB Pulse Oscillator 400 - 15 16 - - - 2C26A 

2C34/ 
RK34 , 

10 6.3 0.8 300 80 20 13 3.4 2.4 0.5 250 M. T-7DC Class-C Amp.-Oscillator 300 - 36 80 20 1.8 16 2C34/ 
RK34 

2050 14 4.5 1.6 400 50 10 

DI 
6 M. 4D 

Class-C Amp.-Oscillator 400 -112 45 10 1.5 10 
205D 

Class-C Amp. ( Plate-Mod.) 350 -144 35 10 1.7 7.1 

2C25 15 1.18 450 60 15 - M. 4D 
Class-C Amp.-Oscillator 450 -100 65 15 3.2 19 

2C25 
Class-C Amp. Plate-Mod. 350 -100 50 12 2.2 12 

10Y 15 1.25 450 65 15 8 4.1 7.0 3.0 - M . 4D Class-C Amp.-Oscillator 450 -100 65 15 3.2 19 
10Y 

Class-C Amp. Plate-Mod. 350 -100 4.19 2.2 12 

843 15 2.5 2.5 450 40 7.5 7.7 4.0 4.5 4.0 6 M. 5A 
Class-C Amp.-Oscillator 450 -140 30 5.0 1.0 7.5 

843 
Class-C Amp. ( Plate-Mod.) 350 -150 1.6 5.0 

RK59 , 15 1.0 500 90 25 25 5.0 9.0 1.0 IMMIIMMI T-4D Class-C Amo.-Oscillator 500 - 60 Ç1.B 1.3 32 RK59 

HY75 15 6.3 2.5 450 80 20 10 1.6 3.8 0.6 60 0. T-8AC 
Class-C Amp.-Oscillator 450 - 50 80 12 - 21 , 

HY75 
Class-C Amp. Plate-Mod. 450 - 60 80 12 6, 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 

Max. 

Plate 
Current 
m  °' 

Max. 

D.C. Grid 

Current 
Ma. 

Am p. 
Factor 

Interelectrode 
Capacitances (rurfcl.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

D.C. 
Grid 

Current 

M °' 

Approx. 
Grid 

Driving 
Power 
Watts 

A pprox. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 

Plate 
Voltage Grid 

to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

1602 15 7.5 1.25 450 60 15 8.0 4.0 7.0 3.0 6 M. 4D 
Class-C Amp. (Telegraphy) 450 -115 55 15 3.3 13 

1602 
Class-C Amp. (Telephony) 350 -135 45 15 3.5 8.0 

841 15 7.5 1.25 450 60 20 30 4.0 7.0 3.0 6 M. 40 
Class-C Amp. (Telegraphy) 450 - 34 50 15 1.8 15 

Class-C Amp. (Telephony) 350 - 47 50 15 2.0 11 
841 

10 
RK113 , 

15 7.5 1.25 450 65 I 15 8.0 3.0 8.0 4.0 
- 

M. 40 
Class-C Amp. ( Telegraphy) 450 -100 65 15 3.2 19 10 

RK10 60 Class-C Amp. ( Telephony) 350 -100 50 12 2.2 12 

RK100 1 15 6.3 0.9 150 250 100 40 23 19 3.0 - M. T-6B 
Class-C Oscillator 110 -- 80 8.0 - 3.5 

RK100 
Class-C Amplifier 110 -- 185 40 2.1 12 

TUF-20 20 6.3 2.75 750 75 20 10 1.8 3.6 0.095 250 0. T-8AC Class-C Amp.-Oscillater 750 -150 75 20 1.5/2.5 40 TUF-20 

1608 20 25 2.5 425 95 25 20 8.5 9.0 3.0 45 M. 40 
Class-C Amp. (Telegraphy) 425 - 90 95 20 3.0 27 

1608 
Class-C Amp. (Telephony) 350 - 80 85 20 3.0 18 

310 20 7.5 1.25 600 70 15 8.0 4.0 7.0 2.2 6 M. 4D 
Class-C Amp. (Telegraphy) 600 -150 65 15 4.0 25 

310 
Class-C Amp. (Telephony) 500 -190 55 15 4.5 18 

801-A/801 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 4D 
Class-C Amp. (Telegraphy) 600 -150 65 15 

15 

4.0 

4.5 
25 801-A/801 
18 Class-C Amp. (Telephony) 500 -190 55 

1-1(801-A 20 7.5 1.25 600 70 15 8.0 4 6.0 1.5 60 M. 4D 
Class-C Amp. (Telegraphy) 600 -200 70 15 4.0 

30.5 HY801-A 
Class-C Amp. (Telephony) 500 -200 60 15 4.5 22 

T20 20 7.5 1.75 750 85 25 20 4.9 5.1 0.7 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 85 85 18 3.6 

44 T20 
Class-C Amp. Plate-Mad. 750 -140 70 15 3.6 38 

TZ20 20 7.5 1.75 750 85 30 62 5.3 5.0 0.6 60 M. 3G 
Closs-C Amp. (Telegraphy) 750 - 40 85 28 3.75 44 

TZ20 
Class-C Amp Plate-Mod. 750 -100 70 23 4.8 38 

15E 20 5,5 4.2 10000 ' - - 25 1.4 1.15 0.3 600 N. T-4AF Oscillator at 400 Mc. 10000 4500. 3 1 -,w- 10000. 15E 

3-25A3 
251 

25 6.3 3.0 2000 75 25 24 2.7 1.5 0.3 60 M. 3G Class-C Amp.-Oscillator 

2000 -130 63 18 4.0 100 
3-25A3 
25T 

1500 - 95 67 13 2.2 75 

1000 - 70 72 9 1.3 47 

3-25D3 
3C24 
24G 

25 6.3 3.0 2000 75 25 23 
2.0 1.6 0.2 

60 S. 20 Class-C Amp.-Oscillator 

2000 -170 63 17 4.5 100 3-2503 
3C24 
24G 

1500 -110 67 15 3.1 75 
1.7 1.5 0.3 

1000 - 80 72 15 2.6 47 

3C28 25 6.3 3.0 2000 75 25 23 2.1 1.8 0.1 100 S. Fig. 56 Class-C Amp. Oscillator Characteristics same as 3C24 3C28 

3C34 25 6,3 3.0 2000 75 25 23 2.5 1.7 0.4 60 5. 3G Class-C Amp. Oscillator Characteristics same as 3C24 3C34 

RK11 l 25 6.3 3.0 750 105 35 20 7.0 7.0 0.9 60 M. 3G 
Class-C Amp. (Telegraphy) 750 -120 105 21 3.2 55 

RKI1 
Class-C Amp. Plate- Mod. 600 -120 85 24 3.7 38 

RK12 25 6.3 3.0 750 105 40 100 7.0 7.0 0.9 60 M. 3G 
Class-C Amp. (Telegraphy) 750 -100 105 35 5.2 55 

RK12 
Class-C Amp. Plate-Mad. 600 -100 85 27 3.8 38 

HK24 25 6.3 3.0 2000 75 30 25 2.5 7.7 0.4 60 5. 3G 
Class-C Amp. (Telegraphy) 2000 -140 56 18 4.0 90 

60 
HK24 

Class-C Amp. Plate-Mod. 1500 -145 50 25 5.5 

HY25 25 7.5 2.25 800 75 25 55 4.2 4.6 1.0 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 45 75 15 2.0 42 

39 
HY25 

Class-C Amp. Plate-Mod. 700 - 45 75 17 5.0 

8025 

30 

6.3 1.92 1000 

65 - 

18 2.7 2.8 0.35 500 M. 4A0 

Class-C Amp. (Grid. Mod.) 1000 -135 50 4 3.5 20 

8025 20 65 20 Class-C Amp. (Plate Mod.) 800 -105 40 10.5 1.4 22 

30 80 20 Class-C Amp. (Telegraphy) 1000 - 90 50 14 1.6 35 

HY3OZ 30 6.3 2.25 850 90 25 87 6.0 4.9 1.0 60 M. T-46E 
Class-C Amp.-Oscillator 850 - 75 90 25 2.5 58 

HY3OZ 
Class-C Amp. Plate-Mod. 700 - 75 90 25 3.5 47 

HY31Z 2 

HYI 231 Z2 
30 

6.3 3.5 
500 150 30 45 5.0 5.5 1.9 60 M. T-4D 

Class-C Amp. (Telegraphy) 500 - 45 150 25 2.5 56 HY31Z 
HY123IZ 12.6 1.7 Class-C Amp. (Telephony) 403 -100 150 30 3.5 45 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Wets 

Cathode 
Max. 
Plate 

Voltage 

Max 
Plate 

Current 
m  e* 

Max. 

Grid 
Current 
Mo. 

Amp, 
Factor 

Interelectrode 
Capacitances 051d.) 

Max. Max. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

D.C" 
Grid 

Current 
Ma 
' 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Waits 

Type 
Grid 
to 

Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Volts Amps. 

316A 30 2.0 3.65 450 80 12 6.5 1.2 1.6 0.8 500 N. 
Class-C Amp. (Telegraphy) 450 - 80 12 - 7.5 

316A 
Class-C Amp. Plate-Mod. 400 - 80 12 - 6.5 

809 30 6.3 2.5 1000 125 - 50 5.7 6.7 0.9 60 M. 3G 
Clou-C Amp. (Telegraphy) 1000 - 75 100 25 3.8 75 

809 
Class-C Amp. Plate-Mod. 750 - 60 100 32 4.3 55 

1623 30 6.3 2.5 1000 100 25 20 5.7 6.7 0.9 60 M. 3G 
Class-C Amp.-Osc.11otor 1000 - 90 100 20 3.1 

75 1623 
55 Class-C Amp. Plate-Mod. 750 -125 100 20 4.0 

53A 35 5.0 12.5 15000 vv.- - 35 3.6 1.9 0.4 N. T-48 Oscillator at 300 Mc. Approximately 50 wags output 53A 

RK30 , 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 2D 
Closs-C Amp. (Telegraphy) 1250 -180 90 18 5.2 85 

RK30 
Class-C Amp. Plate-Mod. 1000 -200 80 15 4.5 60 

800 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 20 
Class-C Amp. (Telegraphy) 1250 -175 70 15 4.0 65 

800 
Class-C Amp. Plate-Mod. 1000 -200 70 15 4.0 50 

1628 ‘ 40 3.5 3.25 1000 60 15 23 2.0 2.0 0.4 500 N. T-488 

Class-C Amp.-Oscillator 1000 - 65 50 15 1.7 35 

1628 Class-C Amp. Plate-Mod. 800 -100 40 11 1.6 22 

Grid-Modulated Amp. 1000 -120 50 3.5 5.0 20 

8012 
GL-8012-A 

40 6.3 2.0 1000 80 20 18 
2.7 2.8 0.35 

500 N. T-4BB 

Class-C Amp.-Oscillator 1000 - 90 50 14 1.6 35 

Class-C Amp. Plate-Mod. 800 -105 40 10.5 1.4 22 
20 

8012 
GL-8012 A 2.7 2.5 0.4 

Grid-Modulated Amp. 1000 -135 50 4.0 3.5 

RK18' 40 7.5 3.0 1250 100 40 18 6.0 4.8 1.8 60 M. 3G 
Class-C Amp. (Telegraphy) 1250 -160 100 12 2.8 95 

64 
RK18 

Class-C Amp. Plate-Mod, 1000 -160 80 13 3.1 

P1(31 
s 

40 7.5 3.0 1250 100 35 170 7.0 1.0 2.0 30 M. 3G 
Class-C Amp. (Telegraphy) 1250 - 80 100 30 3.0 90 

RK31 
Class-C Amp. Plate-Mod. 1000 - 80 100 28 3.5 70 

HY40 40 7.5 2.25 1000 125 25 25 6.1 5.6 1.0 60 M. 3G 

. 

Class-C Amp. (Telegraphy) 1000 - 90 125 20 5.0 94 

HY40 Class-C Amp. Plate-Mod. 850 - 90 125 25 5.0 82 

Grid-Modulated Amp. 1000 125 - 20 

HY4OZ 40 7.5 2.6 1000 125 30 80 6.2 6.3 0.8 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 27 125 25 5.0 94 

HY4OZ Class-C Amp. Plate-Mod. aso - 30 100 30 7.0 82 

Grid-Modulated Amp. 1000 - 60 - -.- 20 

T40 40 7.5 2.5 1500 150 40 25 4.5 4.8 0.8 60 M. 3G 
Class-C Amp.-Oscillator 1500 -140 150 28 9.0 158 T40 
Class-C Amp. Plate-Mod. 1250 -115 115 20 5.25 104 

TZ40 40 7.5 2.5 1500 150 45 62 4.8 5.0 0.8 60 M. 3G 
Class-C Amp-Oscillator 1500 - 90 150 38 10 165 

TZ40 
Class-C Amp. Plate-Mod. 1250 - 100 125 30 7.5 116 

HY57 40 6.3 2.25 850 110 25 50 4.9 5.1 1.7 60 M. 3G 

Class-C Amp. (Telegraphy) 850 - 48 110 15 2.5 70 
HY57 Class-C Amp. Plate-Mod. 700 - 45 90 17 5.0 47 

Grid-Modulated Amp. 850 70 --v.- - 20 

756 40 7.5 2.0 850 110 25 8.0 3.0 7.0 2.7 - M. 4D Class-C Amplifier 850 - 110 25 - - 756 

830 , 40 10 2.15 750 110 18 8.0 4.9 9.9 2.2 15 M. 4D 
Class-C Amplifier 750 -180 110 18 7.0 55 830 
Grid-Modulated Amp. 1000 -200 SO 2.0 3.0 15 

3-50A4 
351 
3-50D4 
35TG 

50 5.0 4.0 2000 150 50 39 
4.1 1.8 0.3 100 M. 3G 

Class-C Amp. (Telegraphy) 2000 -135 125 45 13 200 3-50A4 
35T 

Class C Amp. Plate Mod. 1500 -120 100 30 5.0 120 
3-5004 
35TG 2.5 1.8 0.4 100 M. 2D Grid Modulated Amp. 2000 -400 60 3.0 3.0 50 

8010-R 50 6.3 2.4 1350 150 20 30 2.3 1.5 0.07 350 N. - Class-C Amplifier _ - - - - 8010-R 

RK32 , 50 7.5 3.25 1250 100 25 11 2.5 3.4 0.7 100 M. 2D 
Class-C AMP. (Telegraphy) 1250 -225 100 14 4.8 90 

RK32 
Class-C Amp. Plate-Mod. 1000 -310 100 21 8.7 70 



• TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 

Cathode 
Max. 
Plate 

Voltage 

Ma x. 
Plate 

Current 
mu. 

Max. 
D.C. 
Grid 

Current 
Ma. 

Interelectrode 
s 

Capacitances (mmHg 
Max.pprox. 

Freq. 
Mc. 
Full 

Rating 

Base 
Socket 
Connec- 
Hans 

Typical Operation 
Plate Grid 

Voltage Voltage 

Plate 
Current 
Mo. 

D.C.D•C* 
Grid 

Current 
. 
-a. 

Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Walls 

Type Amp. 
Factor Grid 

to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fa. 

Dissl 
pinion 
Watts Volts Amps. 

RH3St 50 7.5 4.0 1500 125 20 9.0 3.5 2.7 0.4 60 M. 

Class-C Amp. (Telegraphy) 1500 -250 115 15 5.0 120 

RK35 2D Class-C Amp. Plate-Mod. 1250 -250 100 14 4.6 93 

Grid-Modulated Amp. 1500 -180 37 .- 2.0 25 

RK37 50 7.5 4.0 1500 125 35 28 3.5 3.2 0.2 60 M. 2D 

Class-C AMP. (Telegraphy) 1500 -130 115 30 7.0 122 

RK37 Class-C Amp. Plate-Mod. 1250 -150 100 23 5.6 90 

Grid-Modulated Amp. 1500 - 50 50 2.4 26 

3-5002 
UH50 

50 7.5 3.23 1250 125 25 10.6 2.2 2.6 0.3 60 M. 2D 

Class-C Amp. (Telegraphy) 1250 -225 125 20 7.5 115 

UH50 Class-C Amp. Plate-Mod. 1250 -325 125 20 10 115 

Grid-Modulated Amp. 1250 -200 60 2.0 3.0 25 

UH51 1 50 5.0 6.5 2000 175 25 10.6 2.2 2.3 0.3 60 M. 20 

Class-C Amp. (Telegraphy) 2000 -500 150 20 15 225 

UH51 Class-C Amp. Plate-Mod. 1500 -400 165 I 20 15 200 

Grid-Modulated Amp. 1500 -400 85 2.0 8.0 65 

HK54 50 5.0 5.0 3000 150 30 27 1.9 1.9 0.2 100 M. 20 

Class-C Amp. (Telegraphy) 3000 -290 100 25 10 250 

Class-C Amp. Plate-Mod. 2500 -250 100 20 8.0 210 H1(54 

Grid-Modulated Amp. 2000 -150 39 1.5 3.0 28 

HK154 1 50 5.0 6.5 1500 175 30 6.7 4.3 5.9 1.1 60 M. 20 

Class-C Amp. (Telegraphy) 1500 -590 167 20 15 200 

HK154 Class-C Amp. Plate-Mod. 1250 -460 170 20 12 162 

Grid-Modulated Amp. 1500 -450 52 5.0 28 

HK158 50 12.6 2.5 2000 200 40 25 4.7 4.6 1.0 60 M. 20 
Class-C Arep,Oscillator 2000 -150 125 25 6.0 200 

HK158 
Class-C Amp. Plate-Mod. 2000 -140 105 25 5.0 170 

WE304A1 
3048 

50 7.5 3.25 1250 100 25 11 2.0 2.3 0.7 100 M. 20 
Class-C AMP. (Telegraphy) 1250 -200 100 ..., 85 WE304A 

Class-C Amp. Plate-Mod. 1000 -180 100 -•-• es 304B 

356A 50 5.0 5.0 1500 120 35 50 2.25 2.75 1.0 60 N. T-480 
Class-C Amp. (Telegraphy) 1500 - 60 100 - - 100 

356A 
Class-C Amp. Plate-Mod. 1250 -100 100 35 ..... 85 

808 50 7.5 4.0 1500 150 35 47 5.3 2.8 0.15 30 . 20 
Class-C Amp. (Telegraphy) 1500 -200 125 30 9.5 140 

808 
Class-C Amp. Plate-Mod. 1250 - 225 100 32 10.5 105 

834 50 7.5 3.1 1250 100 20 10.5 2.2 2.6 0.6 100 M. 20 
Class-C Amp. (Telegraphy) 1250 -225 90 15 4.5 75 

034 
Class-C Amp. Plate-Mod. 1000 -310 90 17.5 6.5 58 

84111 1 50 10 2.0 1250 150 30 14.6 3.5 9.0 2.5 - M. 3G Class-C Amplifier -----85 841A 

8415W 50 10 2.0 1000 150 30 14.6 - 9.0 - M. 3G Class-C Amplifier ___. -.-.. --- .-- --,-. --  8415W 

155 55 7.5 3.0 1500 150 40 20 5.0 3.9 1.2 60 M. 3G 
Class-C AMP. (Telegraphy) 1500 -170 150 18 6.0 170 

T55 
Class-C Amp. Plate-Mod. 1500 -195 125 15 5.0 145 

811 55 6.3 4.0 1500 150 SO 160 5.5 5.5 0.6 M. 3G 
Class-C Amp. (Telegraphy) 1500 -113 150 35 8.0 170 

811 
Class-C Amp. Plate-Mod. 1250 - 125 125 50 11 120 

812 55 6.3 4.0 1500 150 35 29 5.3 5.3 0.8 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -175 150 25 6.5 170 

812 
Class-C Amp. Plate-Mod. 1250 -125 125  25 6.0 120  

RK51 60 7.5 3.75 1500 150 40 20 6.0 6.0 2.5 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 -250 150 31 13 170 

Class-C Amp. Plate-Mod. 1250 -200 105 17 4.5 96 RK51 

Grid-Modulated Amp. ISOO -130 60 0.4 

40 

2.3 128 

P1(52 60 7.5 3.75 1500 130 SO 70 6.6 12 2.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -120 130 7.0 135 

111(52 
Class-C Amp. Plate-Mod. 1250 -120 115 47 8.5 102 

T-60 
HF60 

60 10 2.5 1600 150 50 20 5.5 5.2 2.5 
60 

30 
M. 20 Class-C Amp.-Oscillator 

• 
1300 -150 150 50 9.0 100 

T-60 
HF60 

• 
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Type 

Max. 
Plate 
Dissi- 
palien 
Watts 

Cathode 
Max " 

Plate 
Voltage 

Max 
Plate 

Current 
Ma 
' 

Max. 

Gr.,.,A 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (f../..fd.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

' 

D. C. 
Grid 

Current 

M a' 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

826 60 7.5 4.0 1000 125 40 31 3.7 2.9 1.4 250 N. T-9A 

Class-C Amp.-Oscillator 1000 - 70 125 35 5.8 86 

826 
Class-C Amp. Plate-Mod. 800 - 98 94 35 6.2 53 
Class-B Amp. (Telephony) 1000 - 50 65 8.5 3.7 22 

Grid-Modulated Amp. 1000 -125 65 9.5 8.2 25 

830B 
93013 

60 10 2.0 1000 150 30 25 5.0 11 1.8 15 M. 3G 

Class-C Amp.-Oscillator 1000 -110 140 30 7.0 90 
830B 
930B 

Class-C Amp. Plate-Mod. 800 -150 95 20 5.0 50 

Class-B Amp. (Telephony) 1000 - 35 85 6.0 6.0 26 

HY51A 
HY51B 65 

7.5 
10 

3.5 
2.25 1000 175 25 25 6.5 7.0 1.1 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 75 175 20 7.5 131 
HY51A 
HY51B 

Class-C Amp. Plate-Mod. 1000 -67.5 130 15 7.5 104 

Grid-Modulated Amp. 1000 - 100 - ------ 33 

HY51Z 65 7.5 3.5 1000 175 35 85 7.9 7.2 0.9 60 M. T-48E 

Class-C Amp. (Telegraphy) 1000 -22.5 175 35 10 131 

HY51Z Class-C Amp. Plate-Mod. 1000 - 30 150 35 10 104 

Grid-Modulated Amp. 1000 - 100 - - 33 

UH35 1 70 5.0 4.0 1500 150 35 30 1.4 1.6 0.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -170 150 30 7.0 170 

UH35 
Class-C Amp. Plate-Mod. 1500 -120 100 30 5.0 120 

V70 
V708 

70 10 2. 5 1500 140 25 14 5 . 0 9 . 0 2 . 3 
- 

J. 
M. 

T-3AB 
3G 

Class -C Amp. (Telegraphy) 1500 -215 130 6.0 3.0 140 V70 
V708 Class-C Amp. Plate-Mod. 1250 -250 130 6.0 3.0 120 

V70A 
V70C 

70 10 2. 5 1500 140 20 25 5 . 0 9 . 5 2 . 0 - J. 
M. 

T-3AB 
3G 

Class -C Amp. (Telegraphy) 1000 -110 140 30 7.0 90 V70A 
V70C Class-C Amp. Plate-Mod. 800 -150 95 20 5.0 30 

50T' 75 5.0 6.0 3000 100 30 12 2.0 2.0 0.4 - M. 20 Class-C Amplifier 3000 -600 100 25 - 250 50T 

3-75A3 
75TH 
3-75A2 
75TL 

75 5.0 6.25 3000 225 
40 20 2.7 2.3 0.3 

40 M. 2D 

Class-C Amp. (Telegraphy) 2000 -200 150 32 10 225 3-75A3 
75TH 
3-75A2 
7511. 35 12 2.6 2.4 0.4 Class-C Amp. (Telegraphy) 2000 -300 150 21 8 225 

HF75 75 10 3.25 2000 120 - 12.5 - 2.0 - 75 M. 2D Class-C Oscillator-Amp. 2000 120 - - 150 HF75 

TW75 75 7.5 4.15 2000 175 60 20 3.35 1.5 0.7 60 M. 20 
Class-C Amp.-Oscillator 2000 -175 150 37 12.7 225 

TW75 
Class-C Amp. Plate-Mod. 2000 -260 125 32 13.2 198 

T-100 
HF100 

75 10 2.0 1500 150 30 23 3.5 4.5 1.4 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 170 
T-100 
HF100 
- 

Class-C Amp. Plate-Mod. 1250 -250 110 21 8.0 105 

Grid-Modulated Amp. 1500 -280 72 1.5 6.0 42 

MK 75 10 2.25 1500 160 - 23 - 4.6 - 25 M. 2D Class-C Osc.-Amp. 1500 - 160 - - 175 111H 

ZB120 75 10 2.0 1250 160 40 90 5.3 5.2 3.2 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -135 160 23 5.5 145 

ZB120 Class-C Amp. Plate-Mod. 1000 -150 120 21 5.0 95 

Grid-Modulated Amp. 1250 - 95 8.0 1.5 45 

3278 75 10.5 10.6 15000 -- - 30 3.4 2.45 0.3 - N. T-4AD - - - - - - - 327B 

242A 85 10 3.25 1250 150 50 12.5 6.5 13 4.0 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 150 - - 130 

242A 
Class-C Amp. Plate-Mod. 1000 -160 150 50 - 100 

2840 85 10 3.25 1250 150 100 4.8 6.0 8.3 5.6 - J. 4E 
Class-C Amp. (Telegraphy) 1250 -500 150 - - 125 

2840 
Class-C Amp. Plate-Mod. 1000 -450 150 50 - 100 

812-H 85 6.3 4.0 1750 200 45 - 5.3 5.3 0.8 30 M. 3G 

Class-C Amp. (Telegraphy) 
1750 -175 170 26 6.5 225 

812-H 
1250 -125 125 25 5.0 116 

Class-C Amp. (Plate-Mod.) 
1500 -125 165 21 6.0 180 

1250 -125 125 25 6.0 120 

8005 85 10 3.25 1500 200 45 20 6.4 5.0 1.0 60 M. 3G 

Class-C Amp.-Oscillator 1500 -130 200 32 7.5 220 

8005 Class-C Amp. Plate-Mod. 1250 -195 190 28 9.0 170 

Class-B Amp. (Telephony) 1500 - 80 83 1.0 5.0 45 
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Type 

Max. 
Plate 
Dissi- 
palien 
Watts 

Cathode 
Max. 
Plate 

Volta ge 

Max. 
Plat 

Curreent 
hi o' 

Matt. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µµfd.) 

Max.pprox. 
Fre 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

D.C.DC  
Grid 

Current 
M a 

' 

Grid 
Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

V-70-D 85 7.5 3.25 1750 200 45 ......... 4.5 4.5 1.7 30 M. 3G 

Class-C Amp. (Telegraphy) 
1750 -100 170 19 3.9 225 

V-70-D 
1500 - 90 165 19 3.9 195 

Class-C Amp. ( Plate-Mod.) 
1500 - 90 165 19 3.7 185 

1250 - 72 127 16 2.6 122 

RK36 , 100 5.0 8.0 3000 165 35 14 4.5 5.0 1.0 60 M. 2D 

Class-C Amp. (Telegraphy) 2000 -360 150 30 15 200 

RK36 
Class-C Amp. (Telephony) 2000 -360 150 30 15 200 

Grid-Modulated Amp. 2000 -270 72 1.0 3.5 42 

Class-B Amp. (Telephony) 2000 -180 75 3.0 10 50 

RK38 , 100 5.0 8.0 3000 165 40 - 4.6 4.3 0.9 60 M. 2D 

Class-C Amp. (Telegraphy) 2000 -200 160 30 10 225 

RK38 
Class-C Amp. (Telephony) 2000 -200 160 30 10 225 

Grid-Modulated Amp. 2000 -150 80 2.0 5.5 60 

Class-B Amp. (Telephony) 2000 -100 75 2.0 7.0 55 

3-100A4 
100TH 

100 5.0 6.3 3000 225 60 40 2.9 2.0 0.4 40 M. 20 

Class-C Amp. (Telegraphy) 3000 -200 165 51 18 400 

3-100A4 
100TH 

Class-C Amp. Plate-Mod. 3000 -210 167 45 18 400 

Class-B Amp. (Telephony) 3000 - 70 50 2.0 5.0 50 

Grid-Modulated Amp. 3000 -400 70 3.0 7.0 100 

3-100A2 
100TL 

100 5.0 6.3 3000 225 50 14 2.3 2.0 0.4 40 M. 2D 

Class-C Amp. (Telegraphy) 3000 -400 165 30 20 400 

3-100A2 
100TL 

Class-C Amp. Plate-Mod. 3000 -600 167 35 18 400 

Class-B Amp. (Telephony) 3000 -280 50 1.0 5.0 50 

Grid-Modulated Amp. 3000 -560 60 2.0 7.0 90 

VT127A 100 5.0 10.4 3000 - 30 15.5 2.7 2.3 0.35 150 N. T-4B Class-C Amp.-Oscillator Characteristics similar to 100TL T127A 

227A 100 10.5 10.7 15000 - - 31 3.0 2.2 0.30 - N. T-4B Oscillator at 200 Mc. 15000 1200 4 10 3 - 50000, 227A 

327A 100 10.5 10.7 15000 ' 31 3.4 2.3 0.35 - N. T-4AD Oscillator at 200 Mc. 15000 1200 , 10 3 - 50001Y 327A 

HK254 100 5.0 7.5 4000 200 40 25 3.3 3.4 1.1 50 J. T-3AC 

Class-C Amp. (Telegraphy) 4000 -380 120 35 20 475 

HK254 
Class-C Amp. Plate-Mod. 3000 -290 135 40 23 320 

Class-B Amp. (Telephony) 3000 -125 51 2.0 3.0 54 

Grid-Modulated Amp. 3000 - 51 3.0 4.0 58 

RK58 100 10 3.25 1250 175 70 - 8.5 6.5 10.5 - J. T-3AB 

Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 130 

RK58 Class-C Amp. Plate-Mod. 1000 -135 150 50 16 100 

Class-B Amp. (Telephony) 1250 - 106 15 6.0 42.5 

HF120 100 10 3.25 1250 175 - 12 - 10.5 --- 20 J. - Class-C Amp.-Oscillator 1250 - 175 ,- - 150 HF120 

HF125 100 10 3.25 1500 175 - 25 - 11.5 - 30 J. - Class-C Amp.-Oscillator 1500 - 175 -- ---- 200 HF125 

HF140 100 10 3.25 1250 175 - 12 - 12.5 -- 15 J. -- Class-C Amp.-Oscillator 1250 - 175 -- - 150 HF140 

203A 
303A 

100 10 3.25 1250 175 60 25 6.5 14.5 5.5 15 J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 25 7.0 130 
203A 
303A 

Class-C Amp. (Telephony) 1000 -135 150 50 14 100 

Class-B Amp. (Telephony) 1250 - 45 105 3.0 3.0 42.5 

203H 100 10 3.25 1500 175 60 25 6.5 11.5 1.5 15 J. T-3AB 

Class-C Amp. (Telegraphy) 1500 -200 170 12 3.8 200 

203H Class-C Amp. (Telephony) 1250 -160 167 19 5.0 160 

Class-B Amp. (Telephony) 1500 - 48 100 3.0 2.0 52 

211 
311 
835 , 

100 10 3.25 1250 175 50 12 6.0 
6.0 

14.5 
9.25 

5.5 
5.0 

15 J. 4E 

Class-C Amp. (Telegraphy) 1250 -225 150 18 7.0 130 211 
311 
835 

Class-C Amp. (Telephony) 1000 -260 150 35 14 100 

Class-B Amp. (Telephony) 1250 -100 106 1.0 7.5 42.5 

242B 
342B 

100 10 3.25 1250 150 50 12.5 7 .0 13.6 6.0 6 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 1 eo - - 130 
242B 
342B ClaC A Plate-Mod. Class- Amp. 1000 -160 150 50 - 

,,s,.. 
1" 

Class-B Amp. (Telephony) 1250 - 80 120 - - 50 
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Type 

Max. 
Plate 
Dissi 
potion 
w atts 

Cathode 
Max. 
Plate 

Voltage 

Max 
Plate 

Current 
m  °' 

Max . 

Grid 
Current 
Ma. 

Amp. 
Factor 

in erelectrode 
Capacitances (µµfd.) Max. 

Frog. 

M c. 
Full 

Ratings 

B Base 
Socket 
C onnec- 
tions 

Tical Operation yprrent 
Plate Grid 

Voltage 

Plate 
Cu 
Ma. 

DC' ' 
Grid 

Current 
,,,,,_ 
"''" 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

xt Typo 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

PlateVoltage 
to 
Fil. 

242C 100 10 3.25 1250 150 50 12.5 6.1 13.0 4.7 6 J. 4E 

Class-C Amp. ( Telegraphy) 1250 -175 150 - 130 

242C Class-C Amp. Plate-Mad. 1000 -160 150 50 ..-- 100 

Class-B Amp. (Telephony) 1250 - 90 120 - -. 50 

261A 
361A 

100 10 3.25 1250 150 50 12 6.5 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 - ---. 100 

Class-C Amp. Plate-Mod. 1000 -160 150 50 100 261A 
361A 

Class-B Amp. (Telephony) 1250 -100 125 - - 50 

276A 
376A 

100 10 3.0 1250 125 50 12 6.0 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 - - 100 

Closs-C Amp. Plate-Mod. 1000 -160 125 50 - 85 276A 
376A 

Class-B Amp. (Telephony) 1250 -100 125 - 50 

2848 100 10 3.25 1250 150 100 5.0 4.2 7.4 5.3 ...w. J. T-3AB 

Class-C Amp. (Telegraphy) 1250 -500 150 ..-, - 125 

284B Class-C Amp. Plate-Mod. 1000 -430 150 50 -• 100 

Class-8 Amp. (Telephony) 1250 -270 120 •••••••• 50 

295A 100 10 3.25 1250 175 50 25 6.5 14.5 5.5 - .1. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 .w.., 125 

295A Class-C Amp. Plate-Mod. 1000 -125 150 50 -- 100 

Class-B Amp. (Telephony) 1250 - 75 105 - ---. 42.5 

838 
938 

100 10 3.25 1250 175 70 - 6.5 8.0 5.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 130 

Class-C Amp. (Telephony) 1000 -135 150 60 16 100 838 
938 

Class-B Amp. (Telephony) 1250 0 106 15 6.0 42.5 

852 100 10 3.25 3000 150 40 12 1.9 2.6 1.0 30 M. 2D 

Class-C Amp. (Telegraphy) 3000 -600 85 15 12 165 

852 Class-C Amp. (Telephony) 2000 -500 67 30 23 75 

Class-B Amp. (Telephony) 3000 -250 43 0 7.0 40 

8003 
• 

100 10 3.25 1500 250 50 12 5.8 11.7 3.4 30 . J. T-3AB 

Class-C Amp.-Oscillator 1350 -180 245 35 11 250 

8003 Class-C Amp. Plate-Mod. 1100 -260 200 40 15 167 

Class- 11 Amp. ( Telephony) 1350 -110 110 1.5 8 50 

3xleAli 
2C39 

loo 6.3 1.1 1000 60 40 100 6.5 1.95 0.03 500 N. - "Grid Isolation" Circuit 600 - 35 60 40 5.0 20 
3X100A11 
2C39 

3C22 125 6.3 2.0 1000 150 70 40 4.9 2.4 0.05 500 0. Fig. 30 Class-C Amp.-OscIltator 1000 -200 150 70 - 65 3C22 

4C36 125 5 7.5 4000 - ..- 29 3.2 3.0 0.4 60 J. Fig. 56 Class-C Amp.-Oscillator .-.. ---- --. -, 18 480 4C36 

F- 123-A 
DR-123C 

125 10 4.0 2000 300 75 14.5 6.5 8.5 3.3 J. Fig. 26 

Class-C Amp. (Telegraphy) 1500 -250 250 30 11 300 
F-123-A 
DR 123C 

Class-C Amp. Plate-Mod. 1500 -290 160 25 10 200 

Class-B Amp. (Telephony) 1500 -100 120 1 6 65.5 

RK57/805 125 10 3.25 1500 210 70 ..- 6.5 8.0 5.0 30 J. T-3A8 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 215 

RK57/805 Class-C Amp. ( Telephony) 1250 -160 160 60 16 140 

Class-B Amp. (Telephony) 1500 - 10 115 15 7.5 57.5 

T125 125 10 4.5 2500 250 60 25 6.3 6.0 1.3 60 J. T-3AC 
Class-C Amp. (Telegraphy) 2500 -200 240 31 11 475 

1125 
Class-C Amp. Plate-Mod. 2000 -215 200 28 10 320 

HF130 125 10 3.25 1250 210 - 12.5 -- 9.0 ,•••••••• 20 J. - Class-C Amp.-Oscillator 1250 -210 ..». - - 170 HF130 

HF150 125 10 3.25 1500 210 - 12.5 ..... 7.2 - 30 J. - Class-C Amp.-Oscillator 1500 -•••••• 210 - - 200 HF150 

HF175 125 10 4.0 2000 250 - 18 - 6.3 - 25 J. - Class-C Amp.-Oscillator 2000 250 - - 300 HF175 

GL146 125 10 3.25 1500 200 60 75 7.2 9.2 3.9 15 J. T-48G 

Class-C Amp.-Oscillator 1250 -150 180 30 -- 150 

GLI46 Class-C Amp. Plate-Mod. 1000 -200 160 40 -- 100 

Class-B Amp. (Telephony) 1250 0 132 - •-.-w• 55 

GL152 125 10 3.25 1500 200 60 25 7.0 8.8 4.0 15 J. T-413G 

Class-C Amp.-Oscillator 1250 -150 180 30 150 

GL152 Class-C Amp. Plate-Mod. 1000 -200 160 30 •-• 100 

Class-B Amp. (Telephony) 1250 - 40 132 •-w. ---• 55 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
watts 

Cathode 
Max. 
Plate 

Voltag 

Max. 
Plate 

Current 
m  a* 

Max. 
D.C. 
Grid 

Current 
M a. 

Amp. 
Factor 

Intreelectrode 
Capacitances (med.) Max' 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Curren 
Ma. 

C 
83" 
Grid 

Curren 
Ma. 

Approx. 
Grid 

Driving 
power 

Watts 

Approx. 
Carrier 
Output 
pow.. 

W a tts 

T Type 
Volts Amps. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

805 125 10 3.25 1500 210 70 40/60 8.5 6.5 10.5 30 J. T-3A11 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 215 

805 Class-C Amp. Plate-Mod. 1250 -160 160 60 16 140 

Class-B Amp. (Telephony) 1500 - 10 115 15 7.5 57.5 
3X150A3 
3C37 

150 6.3 2.5 1000 - - 23 4.2 3.5 0.6 500 N. -......o - 3X150A3 
3C37 

150V 150 5.0 10 3300 230 50 13 3.0 3.5 0.5 - J. T-3AC Class-C Amp. (Telegraphy) 3000 -600 200 35 -- 450 1501 
3-150A3 
152TH 
3-150A2 
152TL 

150 5/10 
12.51/ 
6.25 

3000 450 
85 20 5.7 4.5 0.8 

40 J. 4BC 
Class-C Amp. (Telegraphy) 3000 -300 250 70 27 600 3-150A3 

152TH 
3-150A2 
15211 

75 12 4.5 4.4 0.7 Class-C Amp. (Telegraphy) 3000 -400 250 40 20 600 

TW150 150 10 4.1 3000 200 60 35 3.9 2.0 0.8 - J. T-3AC 
Closs-C Amp.-Oscillator 3000 -170 200 45 17 470 

TWISO Class-C Amp. Plate-Mod. 3000 -260 165 40 17 400 

14K252-1. 150 5/10 13/6.5 3000 500 75 10 7.0 5.0 0.4 125 N. T-48F 
Closs-C Amp.-OscIllator 3000 -400 250 30 15 610 

HK252-1. Class-C Amp. Plate-Mod. 2500 -350 250 35 16 500 

HF200 
HV18 

150 10-11 3.4 2500 200 50 18 5.2 5.8 1.2 20 I. T-3AC 

Class-C Amp (Telegraphy) 2500 -300 200 18 8.0 380 
NF200 
HV18 

Class-C Amp. Plate-Mod. 2000 -350 160 20 9.0 250 

Class-B Amp (Telephony) 2500 -140 90 - 4.0 80 
HD203A 150 10 4.0 2000 250 60 25 - 12 - 15 J. T-3AB Class-C Amplifier 375 HID203A 
HF250 150 10.5 4.0 2500 200 -..., 18 - 5.8 - 20 J. T-3AC Class-C Arnp.-Oscillator 2500 - 200 - - 375 HF250 

HK354 
HK354C 

.. 
150 5.0 10 4000 300 50 14 4.5 3.8 1.1 30 J. T-3AC 

Class-C Arn. (Telegraphy) 4000 -690 245 50 48 830 

HK354 

HK354C 

Class-C Amp. Plate-Mod. 3000 -550 210 50 35 525 

Class- 13 Amp (Telephony) 3000 -205 78 2.0 10 82 

Grid-Modulated Amp. 3000 -400 78 3.0 12 85 

HK354D 150 5.0 10 4000 300 55 22 4.5 3.8 1.1 30 J. T-3AC 
Class-C AMP (Telegraphy) 3500 -490 240 50 38 690 

HK3540 Class-C Amp. Plate-Mod. 3500 -425 210 55 36 525 

HK354E 150 5.0 10 4000 300 60 35 4.5 3.8 1.1 30 J. T-3AC 
Class C Amp. (Telegraphy) 3500 -448 240 60 45 690 

HK354E Class-C Amp. Plate Mod. 3000 -437 210 60 45 525 

Hn354F 150 5.0 10 4000 300 75 50 4.5 3.8 1.1 30 J. T-3AC Class-C Amp. (Telegraphy) 3500 -368 250 75 50 720 
HK354F 

Class-C Amp. Plate-Mod. 3000 -312 210 75 45 525 

810 
1627' 

150 
10 
5.0 

4.5 
9.0 

2250 275 70 36 8.7 4.8 12 30 J. T-SAC 

Class-C Amp: (Telegraphy) 2250 -160 275 40 12 475 

810 

1627 

Class-C Amp. Plate-Mod. 1800 -200 250 50 17 335 

Class-B Amp. (Telephony) 2250 - 70 100 2.0 4.0 75 

Grid-Modulated Ant. 2250 -140 100 2.0 4.0 75 

8000 150 10 4.5 2250 275 40 16.5 5.0 6.4 3.3 30 J. T-3AC 

Clous-C Amp.-Oscillator 2250 -210 275 25 9.0 475 

8000 ' 
Class-C Amp. Plate-Mod. 1800 -320 250 20 8.8 335 

Class-8 Amp. (Telephony) 2250 -145 100 o 5.4 75 

Grid-Modulated Amp. 2250 -265 100 o 2.5 75 

RK63 
RK63A 

200 
5.0 
6.3 

10 
14 

3000 250 60 37 2.7 3.3 1.1 - J. T-3AC 

Class-C Amp. (Telegraphy) 3000 -200 233 45 17 525 

RK63 

RK63A 

Class-C Amp. Plate-Mod. 2500 -200 205 50 19 405 

Class-8 Amp. (Telephony) 3000 -150 100 1.0 12 100 

Grid-Modulated Ama. 3000 -250 100 7.0 12.5 100 

1200 200 10 5.75 2500 350 80 16 9.5 7.9 1.6 30 J. T-3AC Class-C Amp. (Telegraphy) 2500 -280 350 54 25 685 
1200 

Class-C Amp. Plate-Mod. 2000 -260 300 54 23 460 

F-127-A 200 10 4.0 3000 325 70 38 13 4 13 - J. Fig. 26 
Class-C Amp. (Telegraphy) 3000 -250 250 47 18 600 

F 127 A 
Class-C Amp. Plate-Mod. 2500 -300 200 58 25.2 420 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

M ax. 
Plate 
Disss- 
potion 
Walls 

Cathode 
Max. 
Plate 

Voling 

Max. 
Plate 
ma Current 

' 

Max. 
D.C. 
Grid 

Curren 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µµfd.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Conner- 
tions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Curren 
Ma . 

D.C. 
Grid 

Curren 

M a" 

Approx. 
Grid 
. 

Driving 
Power 
Watts 

Approx 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

822 
8225 

200 10 4.0 2500 300 60 30 8.5 13.5 2.1 
20 
30 

J. 
T-3A6 
T-SAC 

Class-C Amp. (Telegraphy) 2500 -190 300 51 17 600 822 
822S Class-C Amp. Plate-Mod. 2000 - 75 250 43 13.7 405 

4C32 200 10 4.5 3000 300 60 30 5.5 5.8 1.1 60 J. T-3AC 
Class-C Amp.-Oscillator 2000 -165 275 20 10 400 

4C32 
Class-C Amp. ( Plate-Mod.) 2000 -200 250 20 15 375 

GL-592 200 10 5.0 3500 250 50 24 3.6 3.3 0.41 110 N. Fig. 52 
Class-C Amp.-Oscillator 2600 -240 250 45 18 425 

GL-592 
Class-C Amp. ( Plate-Mod.) 2000 -500 250 50 - - 

4C34 
HF300 

200 11-12 4.0 3000 275 60 23 6.0 6.5 1.4 
60 

J. T-3AC 

Class-C Amp. (Telegraphy 3000 -400 250 28 16 600 
4C34 
HF300 

Class-C Amp. Plate-Mod. 2000 -300 250 36 17 385 
20 Class-B Amp. (Telephony) 2500 -100 130 0.5 6.0 105 

T814 
HV12 

200 10 4.0 2500 200 60 12 8.5 12.8 1.7 30 J. T-3AB 
Class-C Amp. (Telegraphy) 2500 -240 300 30 10 575 T814 

NV12 Class-C Amp. Plate-Mod. 2000 -370 300 40 20 485 

T822 
HV27 

200 10 4.0 2500 300 60 27 8.5 13.5 2.1 30 J. T-3AB 

Closs-C Amp. (Telegraphy) 2500 -175 300 50 15 585 

Class-C Amp. Plate-Mod. 2000 -195 250 45 15 400 
T822 
HV27 

Class-B Amp. (Telephony) 2500 - 95 125 5.0 8.0 110 

806 225 5.0 10 3300 300 50 12.6 6.1 4.2 1.1 30 J. T-3AC 

Class-C Amp. (Telegraphy) 3300 -600 300 40 34 780 

806 Class-C Amp. Plate-Mad. 3000 -670 195 27 24 460 

Class-B Amp. (Telephony) 3300 -280 102 --- 10.3 115 

3-250A4 
250TH 

250 5.0 10.5 4000 350 100 37 5.0 2.9 0.7 40 J. T-3AC 

Class-C Amp. (Telegraphy) 2000 -120 350 100 34 750 

3-250A4 
250TH 

Class-C Amp. Plate-Mod. 3000 -210 330 75 42 750 

Class-B Amp. (Telephony) 3000 - 80 125 4.0 15 125 

Grid-Modulated Amp. 3000 -160 125 4.5 20 125 

3-250A2 
250T1.Class-B 

250 5.0 10.5 4000 350 50 14 3.7 3.1 0.7 40 J. T-3AC 

Class-C Amp. (Telegraphy) 3000 -350 335 45 29 750 

3-250A2 
250TL 

Class-C Amp. Plate-Mod. 3000 -350 335 45 29 750 

Amp. (Telephony) 3000 -225 125 2.0 15 125 

Grid-Modulated Amp. 3000 -450 125 2.0 15 125 

GL159 250 10 9.6 2000 400 100 20 11 17.6 5.0 15 J. T-48G 

Class-C Amp.-Oscillator 2000 -200 400 17 6.0 620 

GL199 Class-C Amp. Plate-Mod. 1500 -240 400 23 9.0 450 

Class-B Amp. (Telephony) 2000 - 90 190 ..- 2.5 130 

GL169 250 10 9.6 2000 400 100 05 11.5 19 4.7 15 J. T-411G 

Class-C Amp.-Oscillator 2000 -100 400 42 10 620 

GL169 Class-C Amp. Plate-Med. 1500 -100 400 45 10 450 

Class-B Amp. (Telephony) 2000 - 10 190 - 3.5 130 

204A 
304A 

250 11 3.85 2500 275 80 23 12.5 15 2.3 3 N. T-1A 

Class-C Amp. (Telegraphy) 2500 -200 250 30 15 450 

350 
204A 
304A 

Class-C Amp. Plate-Mod. 2000 -250 250 35 20 

Class-B Amp. (Telephony) 2500 - 70 160 - 15 100 

3088 250 14 4.0 2250 325 75 8.0 13.6 17.4 9.3 1.5 N. T-2A Class-C Amplifier 
3500 
2000 

-600 
-300 

300 
500 

60 
- 

- 
- 

800 
800 308B 

HK454H 250 5.0 11 5000 375 85 30 4.6 3.4 1.4 100 J. T-3AC Class-C Amp. (Telegraphy) 1750 -400 300 - - 350 HK454H 

HK454-1. 250 5.0 11 5000 375 60 12 4.6 3.4 1.4 100 J. T-3AC Class-C Amp. Plate-Mod. 1250 -320 300 75 - 250 HK454-1. 

212E 
241B 
312E 

275 14 4.0 3000 350 75 16 14.9 18.8 8.6 1.5 N. 
T-2A 
T-2AA 

Class-8 Amp. (Telephony) 1750 -230 215 - -- 125 212E 
2416 
312E 

Class-C Amp. (Telegraphy) 3500 -275 270 60 28 760 

Class-C Amp. Plate- Mod. 3500 -450 270 45 30 760 

300T , 300 8.0 11.5 350 75 16 4.0 4.0 0.6 - J. T-3AC Class-C Amp. (Telegraphy) 2000 -225 300 - -- 400 300T 

HK304-1. 300 5/10 26/13 3000 1000 150 10 12 9.0 0.8 - N. T-48F 
Class-C Amp. Plate-Mod. 1500 -200 300 75 - 300 

200 
HK304-L 

Class-B Amp. (Telephony) 2000 -120 300 - - 

527 300 5.5 135.0 20000 - 38 19.0 12.0 1.4 200 N. T-48 Oscillator al 200 Mc. Approx mately 250 watts output 527 



TABLE XV -TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi 
potion 
Waits 

Cathode 
Ma 2C 
Plate 

Voltage 

Max. 

Plate 
Current 
ma • 

Max. 
D C 
'' 

Grid 
Current 
Ma. 

p. Am 
Factor 

Interelechode 
Capacitances (pule) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Conner- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma 
' 

D.C. 
Grid 

Current 

M a' 

Approx. 
Grid 
. . Driving 

Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

HK654 300 7.5 15 4000 600 100 22 6.2 5.5 1.5 20 J. T-3AC 

Class-C Amp. (Telegraphy) 2000 -380 500 75 57 720 

Class-C Amp. Plate-Mod. 2000 -365 450 110 70 655 

Class-8 Amp. (Telephony) 3500 -137 150 13 13 210 
HK654 

Grid-Modulated Amp. 3500 -210 150 15 15 210 
3-300A3 
304TH 
3-300A2 
304TL 

300 5/10 25/12.5 3000 900 
170 20 13.5 10.2 0.7 40 N. T-48F Class-C Amplifier 1500 -125 667 115 23 700 3-300A3 

 304TH 
3-300A2 
304TL 

150 12 8.5 9.1 0.6 40 N. T-46F Class-C Amplifier 1500 -250 665 90 33 
700 

833A 300 10 10 3000 500 100 35 12.3 6.3 8.5 30 N. T-1A8 

Class-C Amp. (Telegraphy) 2000 -200 475 65 25 740 

833A Class-C Amp. (Telephony) 2500 -300 335 75 30 635 

Closs-B Amp. (Telephony) 3000 - 70 150 2.0 10 160 

270A 350 10 4.0 3000 375 75 16 18 21 2.0 7.5 N. T- 1A 

Class-C Amp. (Telegraphy) 3000 -375 350 - --- 700 

270A Class-C Amp. Plate-Mod. 2250 -300 300 80 -- 450 

Class-B Amp. (Telephony) 3000 -180 175 --- - 175 

849 1 400 11 5.0 2500 350 125 19 17 33.5 3.0 3 N. T-1A 

Class-C Amp. (Telegraphy) 2500 -250 300 20 8.0 560 

849 Class-C Amp. (Telephony) 2000 -300 300 30 14 425 

Class-B Amp. (Telephony) 2500 -125 216 1.0 12 180 

831 1 400 11 10 3500 350 75 14.5 3.8 4.0 1.4 - N. T-IAA 

Class-C Amp. (Telegraphy) 3500 -400 275 40 30 590 

831 Class-C Amo. (Telephony) 3000 -500 200 60 50 360 

Class-B Amp. (Telephony) 3500 -220 146 - 160 

Cathode resistor In ohms. ' Discontinued 
Twin triode. Values, except interelement capacities, 

are for both sections in push-pull. 

Output at 112 Mc. 
.1 Grid-leak resistor in ohms. 
Max. peak volts, plate pulsed. 

TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES 

Pulse power output. 
Values are for two tubes. 

Type 

Max. 
Plate 
Dissi- 
potion 
watts 

Co hode Max. 
Plate 
Volt- 
age 

Max.' 
Screen 
Volt- 
ago 

Ma 
' 

Screen 
Dissi-
potion 
wets 

lInterelectrode 
Capacitances (amf d.) Max' 

Freq. 
Mc. 
Full 

gating, 

Base 

Socket 
Con-
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Su-p 

leas'n 
Volt-
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Mo. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type Grid 
. . . 

Fil. 

Grid 

to 
Plate 

Plate 

to 
Fil. 

Volts Amps. 

3A4 2.0 
1.4 
2.8 

0.2 
0.1 

150 135 0.9 4.8 0.2 4.2 10 B. 786 Class-C Amp.-Oscillator 150 135 0 - 26 18.3 6.5 0.13 2300 - 1.2 3A4 

HY63 1 3.0 
2.5 
1.25 

0.1125 
0.225 200 100 0.6 8.0 0.1 8.0 60 0. T 1108 

Class-C Amp.-Osc. 200 100 - -22.5 20 4.0 2.0 - 0.1 3.0 
HY63 

Class-C Amp. Plate-Mod. 180 100 - - 35 15 3.0 2.0 - 0.2 2.0 

RK64 l 6.0 6.3 0.5 400 100 3.0 10 0.4 9.0 60 M. T 588 
Class-C Amp. (Telegraphy) 400 100 30 - 30 35 10 3.0 - 0.18 10 

RK64 
Class-C Amp. Plate-Mod. 300 - 30 - 30 26 8.0 4.0 30000 0.2 6.0 

1610 6.0 2.5 1.75 400 200 2.0 8.6 1.2 13 20 M. T-SCA Class-C Amp-Oscillator 400 150 - - 50 22.5 7.0 1.5 - 0.1 5.0 1610 

RK56 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 60 M. T 588 
Class-C Amp. (Telegraphy) 400 300 - - 40 62 12 1.6 - 0.1 12.5 

RK56 
Class-C Amp. Plate-Mod. 250 200 - - 40 50 10 1.6 2800 0.28 8.5 

RK23 1 
RK25 
RK2511 , 

10 
2.5 

6.3 

2.0 

0.9 
500 250 8 10 0.2 10 - M. T-7C 

Class-C Amp. (Telegraphy) 500 200 45 - 90 55 38 4.0 - 0.5 22 RK23 
RK25 
RK25B 

Class-C Amp. (Telephony) 400 150 0 - 90 43 30 6.0 8300 0.8 13.5 

Suppressor-Modulated Amp. 500 200 -45 - 90 31 39 4.0 - 0.5 6.0 

1613 10 6.3 0.7 350 275 2.5 8.5 0.5 11.5 45 0. 75 Class-C Amp. (Telegraphy) 350 200 - - 35 50 10 3.5 20000 0.22 9 
1613 

Class-C Amp. Plate-Mod. 275 200 - - 35 42 10 2.8 10000 0.16 6.0 



TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Nate 
Dissi 
potion 
Walls 

Cathode Max. 
Plate 
Volt- 

age 

Max.' 
Screen 
Volt- 

age 

x. 
Screen 
Dis si- 

on potion 
W atts 

Interelectrode 
Capacitances (add.) Max.reg  

F 
Mc. 
Full 

Ratings 

Base 

Socket 
Con-

lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Su p- 

presser Volt-
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 
Grid 

to 
Fil. 

Grid 

to 
Plate 

Plate 

to 
Fil. 

Volts Amps. 

2E30 10 6.0 0.7 250 250 2.5 10 0.5 4.5 160 B. Fig. 55 Class-C Amts.-Oscillator 250 250 - - 60 55 9.0 0.8 - 0.07 7.5 2230 

6F6 
6F6G 

11 6.3 0.7 375 285 375 
6.5 

8.0 

0.2 

0.5 

13 

6.5 
.-- O. 7AC 

Class-C Amp.-Oscillator 350 200 - - 35 50 10 3.5 - 0.22 9.0 6F6 
6F6G Class-C Amp. Plate-Mod. 275 200 - - 35 42 10 2.8 0.16 6.0 

837 
RK44 1 12 12.6 0.7 500 300 8 16 0.2 10 20 M. T-7C 

Class-C Amp. (Telegraphy) 500 200 40 - 70 80 15 4.0 20000 0.4 28 
837 
RK44 Class-C Amp. (Telephony) 400 140 40 - 40 45 20 5.0 13000 0.3 11 

Suppressor-Modulated Amp. 500 - -65 - 20 30 23 3.5 14000 0.1 5.0 

2E24 
9.0 

6.3 1 0.65 

500 200 2.3 

8.5 0.11 6.5 125 O. 7CL 

Class-C Amp. Plate-Mod. 
400 180 - - 45 50 8.0 2.5 27500 0.15 13.5 

2E24  
500 180 - - 45 54 8.0 2.5 40000 0.16 18.0 

13.5 
600 200 2.5 Class-C Amp. (Telegraphy) 

400 200 - - 45 75 10.0 3.0 20000 0.19 20 

600 195 - - 50 66 10 3.0 40500 0.21 27 

2E26 
13.5 

9.0 
6.3 0.8 

600 

500 

200 

200 

2.5 

2.3 

13 0.2 7.0 125 0. 7CK 

Class-C Amp. (Telegraphy) 
400 190 - - 30 75 11 3.0 19000 0.12 20 

2E26 
600 185 - - 45 66 10 3.0 41500 0.17 27 

Class-C Amp. ( Plate-Mod.) 
400 160 - - 50 50 7.5 2.5 32000 13.5 

500 180 - - 50 54 9.0 2.5 35500 18 

802 13 6.3 0.9 600 250 6.0 12 0.15 8.5 30 M. T-7C 

Class-C Amp. (Telegraphy) 600 250 40 -120 55 16 2.4 22000 0.30 23 

802 Class-C Amp. Plate-Mod. 500 245 40 - 40 40 15 1.5 16300 0.10 12 

Suppressor-Modulated Amp. 600 250 -45 -100 30 24 5.0 14500 0.6 6.3 

F1Y6V6- 
GTX 

13 6.3 0.5 350 225 2.5 9.5 0.7 9.5 60 0. 7AC 
Class-C Amp.-Oscillator 300 200 - - 45 60 7.5 2.5 - 0.3 12 HY6V6- 

Class-C Amp. Plate-Mod. 250 200 - - 45 60 6.0 2.0 15000 0.4 10 GTX 

HY60 15 6.3 0.5 425 225 2.5 10 0.2 8.5 60 M. T-5BB 
Class-C Amp. (Telegraphy) 425 200 .- -62.5 60 8.5 3.0 - 0.3 18 

HY60 
Class-C Amp. Plate-Mod. 325 200 - - 45 60 7.0 2.5 - 0.2 14 

HY65 1 15 6.3 0.85 450 250 4.0 9.1 0.18 7.2 60 0. T-8DB 
Class-C Amo.-Osc.11ator 450 250 - - 45 75 15 3.0 - 0.5 24 

HY65 
Class-C Amp. Plate-Mod. 350 200 - - 45 63 12 3.0 - 0.5 16 

2E25 15 6.0 0.8 450 250 4.0 8.5 0.15 6.7 125 0. 5BJ 
Class-C Amp.-Oscillator 450 250 - - 45 75 15 3.0 - 0.4 24 2E25 
Class-C Amp. ( Plate-Mod.) 400 200 - - 45 60 12 3.0 - 0.4 16 

306A 15 2.75 2.0 300 300 6.0 13 0.35 13 - M. T-5CB Class-C Amp. (Telephony) 300 180 - - 50 36 15 3.0 8000 - 7.0 306A 

307A 
RK-75 

15 5.5 1.0 500 250 6.0 15 0.55 12 - M. T-5C 
Class-C Amp. (Telegraphy) 500 250 0 - 35 60 13 1.4 20000 - 20 307A 

RK-75 Suppressor-Modulated Amp. 500 200 -50 - 35 40 20 1.5 14000 - 6,0 

832 1 15 
6.3 
12.6 

1.6 
0.8 

500 250 5.0 7.5 0.05 3.8 200 N. 7BP 
Class-C Amp. (Telegraphy) 500 200 - - 65 72 14 2.6 21000 0.18 26 832 
Class-C Amp. (Telephony) 425 200 - - 60 52 16 2.4 14000 0.15 16 

832A5 i s 6.3 
12.6 

1.6 
0.8 

750 250 5.0 7.5 0.05 3.8 200 N. 
7BP Class-C Amp. (Telegraphy) 750 200 - - 65 48 15 2.8 36500 0.19 26 832A 

Class-C Amp. (Telephony) 600 200 - - 65 36 16 2.6 25000 0.16 17 

844 1 15 2.5 2.5 500 180 3.0 9.5 0.15 7.5 - M. T-5BB_ 
Class-C Amp. ( Telegraphy) 500 175 - -125 25 - 5.0 - - 9.0 844 
Class-C Amp. (Telephony) 500 150 ---100  20 -- - - - 4.0 

865 15 7.5 2.0 750 175 3.0 8.5 0.1 8.0 15 M. T-4C 
Class-C Amp. (Telegraphy) 750 125 - - 80 40 - 5.5 - 1.0 16 865 
Class-C Amp. ( Telephony) 500 125 - -120 40 - 9.0 -- 2.5 10 

1619 15 2.5 2.0 400 300 3.5 10.5 0.35 12.5 45 0. 7AC 
Class-C Amp. (Telegraphy) 400 300 - - 55 75 10.5 5.0 9500 0.36 19.5 1619 
Closs-C Amp. Plate-Mod. 325 285 --- - 50 62 7.5 2.8 5000 0.18 13 

254A 20 5.0 3.25 750 175 5.0 4.6 0.1 9.4 M. T-4C Class-C Amplifier 750 175 - - 90 60 - - - - 25 254A 

616 
61.6G 21 6.3 0.9 375 300 3.5 

10 

11.5 

0.4 

0.9 

12 

9.5 
O. 7AC 

Class-C Amp.-Oscillator 375 200 -- - 35 88 9.0 3.5 - 0.18 17 616 
61.6G 

Class-C Amp. Plate-Mod. 325 - - - 70 65 - 9.0 - 0.8 11 

6L6GX 21 6.3 0.9 500 300 3.5 11 1.5 7.0 0. 7AC 
Class-C Amp. (Telegraphy) 500 250 - - 50 90 9.0 2.0 -- 0.25 30 

6L6GX 
Class-C Amp. Plate-Mod. 325 225 -. - 45 90 9.0 3.0 - 0.25 20 

HY6L6- 
GTX 

21 6.3 0.9 500 300 3.5 11 0.5 7.0 60 0. 7AC 
Class-C Amp.-Oscillator 500 250 -- - 50 90 9.0 2.0 - 0.5 30 HY 6L6- 

Class-C Amp. Plate-Mod. 400 225 - - 45 90 9.0 30 16000 0.8 20 GTX 



TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi-
potion 
Watts 

Cathode Max.Max. 
Plate 
Volt- 
age 

--x. 
Screen 
Volt- 
age 

Max. 
Screen 
Dissi- 
pation 

c Inte. ( relectrodefd ) 
Capacitances frm . 

Max 
Freq. 
Mc. 
Full 

Ratings 

Ba 

Socket 
Con-
noc. 

lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

S up" 

V' es"' ol,- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 

Grid 

tote 
P la 

Plate 

F I 

T21 21 6.3 0.9 400 300 3.5 13 0.7 12 30 M. T-6B 
Class-C Amp. (Telegraphy) 400 250 - - 50 95 8.0 3.0 -- 0.2 25 

T21 
Class-C Amp. Plate-Mod. 350 200 - - 45 65 17 5.0 - 0.35 14 

RK49 21 6.3 0.9 400 300 3.5 11.5 1.4 10.6 - M. T-013 
Class-C Amp. (Telegraphy) 400 250 - - 50 95 8.0 3.0 - 0.2 25 

RK49 
Cla -C Amp. (Telephony) 300 200 - - 45 15 5.0 6700 0.34 12 

1614 21 6.3 0.9 375 300 3.5 10 0.4 12.5 80 0. 7AC 
Class-C Amp. (Telegraphy) 375 250 - - 40 80 10 2.0 12500 0.1 21 

1614 
Class-C Amp. Plate-Mod. 325 - 'MIMI 70 8.0 2.0 10000 0.1 15 

RK4l 1 
RK39 

25 
2.5 
6.3 

2.4 
0.9 

600 300 3.5 13 0.2 10 60 M. T-5BB 
Class-C Amp. (Telegraphy) 600 300 IMIZEIMII 10 3.0 - 0.38 36 RK41 

RK39 Class-C Amp. (Telephony) 475 250 - - 50 85 9.0 2.5 25000 0.2 26 

HY61/ 
807 

25 6.3 0.9 600 300 3.5 11 0.2 7.0 60 M. T-5BB 
Class-C Amp. (Telegraphy) 600 250 111=11131j 85 9.0 4.0 39000 0.4 40 HY6I / 

807 Class-C Amp. (Telephony) 475 250 - - 50 100 9.0 3.5 25000 0.2 27 

815 , 25 
12.6 
6.3 

0.8 
1.6 

500 200 4.0 13.2 0.2 8.5 125 O. T-8FA 
Class-C Amp.-Oscillator 500 200 - - 45 150 17 2.5 - 0.13 56 

815 
Class-C Amp. Plate-Mod. 400 175 11=111NEEINECIII 15 3.0 - 0.16 45 

2548 25 7.5 3.25 750 150 5.0 11.2 0.085 5.4 M. T-4C Class-C Amplifier 750 150 - -135 75 - - - - 30 2548 

1624 25 2.5 2.0 600 300 3.5 11 0.25 7.5 60 M. T-SDC 
Class-C Amp. (Telegraphy) 600 300 - - 60 90 10 5.0 30000 0.43 35 

1624 
Class-C Amp. Plate-Mod. 500 275 - - 50 75 9.0 3.3 25000 0.25 24 

RK66 30 6.3 1.5 600 300 3.5 12 0.25 10.5 60 M. T-5C 
Class-C Amp.-Oscillator 600 300 =MED 90 11 5.0 - 0.5 40 

RK66 
Class-C Amp. Plate-Mod. 500 - - - 50 MI 8.0 3.2 25000 0.23 25 

807 
1625 

30 
6.3 
12.6 

0.9 
0.45 

750 300 3.5 11 0.2 7.0 60 M. 
T_558 

Fig. 29 

Class-C Amp. (Telegraphy) 750 250 - - 50 LIM 8.0 3.0 - 0.22 50 807 
1625 Class-C Amp. Plate-Mod. 600 275 - - 90 100 6.5 4.0 - 0.4 42.5 

2E22 30 6.3 1.5 750 250 10 13 0.2 8.0 - M. 5J 

Class-C Amp.-Oscillator 500 250 22.5 - 60 100 16 6.0 15000 0.55 34 

2E22 Class-C Amp.-Oscillator 750 250 22.5 - 60 100 16 6.0 30000 0.55 53 

Suppressor-Modulated Amp. 750 250 -90 - 65 ma 29 6.5 , 17000 0.6 16.5 

3D23 
TB-35 

35 63 3.0 - 6.5 0.2 1.8 250 M. Fig. 54 
Class-C Amp. (Telegraphy) 

15°0 375 I=MIZEIIIIEDIEM111111.111 3023 
TB-35 Class-C Amp. ( Plate-Mod.) 1000 300 - -200 85 14 10 - 2.0 60 

RK20 1 
RK20A 
RK46 1 

40 
7.5 
7.5 
12.6 

3.0 
3.25 
2.5 

1250 300 15 14 0.01 12 - M. T-5C 

Class-C Amp. (Telegraphy) 1250 300 45 -100 92 36 11.5 - 1.6 84 

RK20 
RK20A 
RK46 

HY69 

Class-C Amp. (Telephony) 1000 300 0 -100 MU 30 10 23000 1.3 52 

Suppressor-Modulated Amp. 1250 300 -45 

ICEZECEMICEMIZZIKEIMMIIMEIMMMI 
- 

-100 

- 60 

48 

100 

44 

12.5 

11.5 

4.0 

- 

30000 

1.5 

0.25 

21 

42 

Grid-Modulated Amp. 1250 300 

HY69 40 6.3 1.5 600 300 5.0 15.4 0.23 6.5 60 M. T-50 

Class-C Amp.-Oscillator 600 250 

Class-C Amp Plate-Mod. 600 250 - - 60 100 12.5 5.0 30000 0.35 42 

Modulated Doubler 600 200 - -300 90 11.5 6.0 35000 2.8 27 

829 1,3 40 
6.3 
12.6 

2.25 
1.12 

500 225 40 14.5 0.1 7.0 200 N. 7BP 

Class-C Amp. ( Telegraphy) 500 200 IMIIIMEMEEM 32 12 9300 0.7 83 

829 Class-C Amp. Plate-Mod. 425 200 - - 60 212 35 11 6400 0.8 63 

Grid-Modulated Amp. 500 200 - - 38 120 10 2.0 - 0.5 23 

829A1., 0 
6.3 
12.6 

2.25 
1.12 

750 240 7.0 14.4 0.1 7.0 200 N. 7BP 

Class-C Amp.-Oscillator 
75° 2°0 11=1111MIUM 30 12 18300 0.8 87 

829A Class-C Amp. Plate-Mod. 600 200 - - 70 WM 30 12 13300 0.9 70 

Grid-Modulated Amp. 750 200 - - SS 80 5.0 0 - 0.7 24 

829E1 3 
3E29 , 

40 
12.6 
6 3 

1.125 
2.25 

750 225 6 

4.5 0.1 7.0 200 N. 7BP 

Class-C Amp. ( Grid Mod.) 750 200 1=.1.31.1.11 5.0 0 - 0.7 24 
829B 
3E29 

2  600 225 7 Class-C Amp. (Phte-Mod.) 600 200 imarsuinali 30 12.0 13300 0.9 70 

40 750 225 7 Class-C Amp. ( Telegraphy) 750 200 - - 55 160 30 12.0 18300 0.8 87 

HY1269 40 
6.3 

12.6 
3.5 
1.75 

750 300 5.0 16.0 0.25 7.5 6 M. 1-5DB 

Class-C Amp.-Osci:lator 750 300 - - 70 Ian 15 4 - 0.25 63 

Y1269 Class-C Amp. Plata-Mod. 600 250 - - 70 100 12.5 5 35000 0.5 42 

Grid-Modulated Amp. 750 300 1=111=11111111. -  - - - 20 

RK47 50 10 3.25 1250 300 10 13 0.12 10 - M. T-50 

Class-C Amp. (Telegraphy) 1250 300 - - 70 138 14 7.0 - 1.0 120 

K47 Class-C Amp. Plate-Mod. 900 300 - -150 120 17.5 6.0 - 1.4 87 

Grid- Modulated Amp. 1250 300 - - 30 60 2.0 0.9 4.0 25 



TABLE XVI -TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

M 'e• 
Plate 
Dissi- 
potion 
w ons 

Cathode M ax. 
Plate 
Volt- 
age 

M°' x 
Screen 
Volt- 
age 

Max' 
Screen 
Dissi- 
potion 
Watts 

Interelectrode 
Capacitances(rudd.) 

Max. 
Freq. 

Mc' 
Full 

Ratings 

Base 

Socket 
Con-
nec- 

lions 

Tical O per ati on yp 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Su ° - 

Pressor 
Volt-
age 

Grid 
Volt- 
age 

Plata 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Mo. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 

Fil. 

Grid 

tote 
Pl a 

Plate 
to 
Fil.  

312A 50 10 2.8 1250 500 20 15.5 0.15 12.3 - M. T-6C 

Class-C Amp. (Telegraphy) 1250 300 20 - 55 100 36 5.5 - 0.7 90 

312A Class-C AMP. Plate-Mod. 1000 - 40 - 40 95 35 7.0 22000 1.0 65 

Suppressor-Modulated AMP 1230 -..- - 85 - 50 50 42 5.0 22000 0.55 23 

804 50 7.5 3.0 1500 300 15 16 0.01 14.5 15 M. T-5C 

Class-C AMP (Telegraphy) 1500 300 45 -100 100 35 7.0 34000 1.95 110 

804 
Class-C Ama. Plate-Mod. 1250 250 50 - 90 75 20 6.0 50000 0.75 65 

Grid-Modulated Amp. 1500 300 45 -130 50 13.5 3.7 - 1.3 28 

Suppressor-Modulated Amp 1500 300 -50 -115 50 32 7.0 - 0.95 28 

4022 
4032 

4D22 

4D32 
50 

25.2 
12.6 
' 

0.8 
1.6 

750 350 14 28 0.27 13 60 N. 

Fig. 50 Class-C Amp. (Telegraphy) 
750 300 - -100 240 26 12 - 1.5 135 

600 300 -100 215 30 10 - 1.25 100 

6.3 3.75 Fig. 51 Class-C Amp. (Plate Mod.) 
600 - - -100 220 28 10 10000 1.25 100 

550 - - -100 175 17 6 15000 0.6 70 

305A 60 10 3.1 1000 200 6 10.5 0.14 5.4 - M. T-4CE 
Class-C Amp. (Telegraphy) 1000 200 - -200 125 - - - - 85 

70 
305A ... 

Class-C Amp. (Telephony) 800 200 - -270 125 - - 

HY67 65 
6.3 

12.6 
4.5 
2.25 

1250 300 10 0.19 14.5 -•-••• M. T-5D8 

Class-C Amp. (Telegraphy) 1250 300 -- - 80 175 22.5 10 - 1.5 152 

HY67 Class-C Amp. Plate-Mod. 1000 300 - -150 145 17.5 14 - 2.0 101 

Grid-Modulated Amp. 1250 300 - - 78 - -- - - 32.5 

814 65 10 3.25 1500 300 10 13.5 0.1 13.5 30 M. T-51) 

Class-C Amp. (Telegraphy) 1500 300 - - 90 150 24 10 50000 1.5 160 

814 Class-C Amp. Plate-Mod. 1250 300 -150 ' 145 20 10 48000 3.2 130 

Grid-Modulated Amp. 1500 250 -- -120 60 3.0 2.5 - 4.2 35 

282A 70 10 3.0 1000 250 5 12.2 0.2 6.8 - M. T-4C 
Class-C Amp. (Telegraphy) 1000 150 - -160 100 - - - 33 

282A 
Class-C Amp. Plate-Mod. 750 150 - -180 100 - 50 - - 50 

4E271 
8001 ' 75 5.0 7.5 4000 750 30 12 0.06 6.5 75 J. T-ICB 

Class-C Amp. (Telegraphy) 2000 750 - -200 150 18 0.7 300000 0.2 230 

200 
4E27/ 
8001 Class-C Amp. Plate-Mod. 2000 600 60 -200 100 8 0.6 240000 0.1 

Suppressor-Modulated Amp 2000 500 -300 -130 55 45 3.0 - 0.4 35 

HK257 
HK25713 

75 5.0 7.5 4000 500 25 13.8 0.04 6.7 
75 

J. T.-7CD 

Class-C Amp. (Telegraphy) 2000 500 60 -200 150 11 6.0 - 1.4 230 
HK257 
HK257B 120 

Class-C Amp. Plate-Mod. 1800 400 60 -130 135 11 8.0 - 1.7 178 

Suppressor-Modulated Amp 2000 500 -300 -130 55 27 3.0 - 0.4 35 

828 80 10 3.25 2000 750 23 13.5 0.05 14.5 30 M. T-5C 

Class-C Amp. (Telegraphy) 1500 400 75 -100 180 28 12 40000 2.2 200 

828 Class-C Amp. Plate-Mod. 1250 400 75 -140 160 28 12 30000 2.7 150 

Grid-Modulated Amp. 1500 400 75 -150 80 4.0 1.3 -, 1.3 41 

RH28 100 10 5.0 2000 400 35 15 0.02 15 - J. T-5C 

Class-C Amp. (Telegraphy) 2000 400 45 -100 150 55 13 21000 2.0 210 

RK28 
Class-C Amp. (Telephony) 1500 400 45 -100 135 52 13 21000 2.0 155 

Suppressor-Modulated Amp 2000 400 -45 -100 85 65 13 60 

Grid-Modulated Amplifier 2000 400 45 -140 80 20 4.0 - 0.9 75 

RK48 
RK48A 

100 10 5.0 2000 400 22 17 0.13 13 - J. T-5D 

Class-C Amp. (Telegraphy) 2000 400 - -100 180 40 6.5 - 1.0 250 
 RK48 
RK48A 

Class-C Amp. (Telephony) 1500 400 - -100 148 50 6.5 22000 1.0 165 

Grid- Modulated Amplifier 1500 400 - -145 77 10 1.5 -...- 1.6 40 

813 100 10 5.0 2000 400 22 16.3 0.2 14 30 J. Fig. 28 

Class-C Amp. (Telegraphy) 2000 400 - - 90 180 15 3.0 107000 0.5 260 

813 Class-C Amp. (Telephony) 1600 400 -130 150 - 20 6.0 60000 1.2 175 

Grid-Modulated Amplifier 2000 400 - -120 75 3.0 - - 50 

850 100 10 3.25 1250 175 10 17 0.25 25 15 .1. T-3B 

Class-C Amp. ( Telegraphy) 1250 175 -150 160 - 35 - 10 130 

850 Class-C Amp. (Telephony) 1000 140 - -100 125 - 40 - 10 65 

Grid-Modulated Amplifier 1250 175 - - 13 110 - - - --- 40 

860 100 10 3.25 3000 500 10 7.75 0.08 7.5 30 M. T 4CB 
Class-C Amp.-Oscillator 3000 M1 - -150 85 25 15 -- 7.0 165 

860 
Class-C Amp Plate-Mod. 2000 220 - -200 85 25 38 100000 17 105 



TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. 
Plate 
Volt- 
age 

Max. 
Screen 
Volt- 
age 

sleicre'a 

Dissi- 
potion 
watt. 

Interelectrode 
Capacilances(Awfd.) M "' Freg. 

Mc. 

Fullin Re. 
Ratings 

Base 

Socket 
Con-
nec- 
lions 

Typical Operation 
Plato 
Volt- 
ago 

Screen 
Volt- 
age 

Sup- 
pressor 
Volt-

age 

Grid 
Volt- 
age 

Plato 
Current 
Mo. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
ROSIstor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

ApproX. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps, 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

4-125A 125 5.0 6.2 3000 400 20 10.3 0.03 3.0 120 N. Fig. 27 
Class-C Amp. (Telegraphy) 3000 350 - -150 167 30 9 - 2.5 375 

4-125A 
Class-C Amp. Plate-Mod. 2500 350 -330 150 30 13 - 6 300 

RK28A 125 10 5.0 2000 400 35 15 0.02 15 - J. T-5C 

Class-C Amp. ( Telegraphy) 2000 400 45 -100 170 60 10 - 1,6 250 

RK28A 
Class-C Amp. Plate-Mod. 1500 400 45 -100 135 54 10 18500 1.6 150 

Grid-Modulated Amp. 2000 400 45 - 55 80 18 60 

Suppressor-Modulated Amp. 2000 - -45 -115 90 52 11.5 30000 1.5 60 

803 125 10 5.0 2000 600 30 17.5 0.15 29 20 J. T-5C 

Class-C Amp. ( Telegraphy) 2000 SOO 40 - 90 160 45 12 - 2.0 210 

803 
Class-C Amp. (Telephony) 1600 500 100 - 80 150 20 4.0 20000 4.0 155 

Suppressor-Modulated Amp. 2000 -- -110 -100 80 48 15 35000 2.5 53 

Grid-Modulated Amplifier 2000 600 40 - 80 80 20 4.0 --- 2.0 53 

AT-340 150 5 7.0 4000 400 - 9.04 0.19 4.16 120 J. Fig. 27 Class-C Amp-Oscillator 3000 400 -500 165 75 - - 2.4 - AT-340 

RK65 213 5.0 14 3000 500 35 10.5 0.24 4.75 60 J. T 3BC 
Class-C Amp. (Telegraphy) 3000 400 - -100 240 70 24 - 6.0 510 

RK65 
Class-C ( Plate EL Screen Mod.) 2500 - -130 200 70 22 30000 6.3 380 

4-250A 250 5.0 14.5 4000 600 50 12.7 0.06 4.5 85 N. Fig. 27 Class-C Amp. (Telegraphy) 
4000 500 -250 250 -22 13 - 4.1 750 4-250A 

562 2500 500 --• -100 325 70 22 - 3.7 

861 400 11 10 3500 750 35 14.5 0.1 10.5 20 N. T- 1B 
Class-C Amp. ( Telegraphy) 3500 500 - -250 300 40 40 - 30 700 

861 
Class-C Amp. ( Telephony) 3000 375 ••• -200 200 - 55 70000 35 400 

Discontinued. 

1 Triode connection- screen-grid tied to plate. 

Dual tube. Values for both sections, in push-pull 

Terminals 3 and 6 must be connected together. 

'Filament limited to intermittent opelagen. 



Charier ....7tventrOne 

Rae/jo  Operatinq 
THE object of most radio communi-

cation is the transmission of intelligence from 
one point to another, accurately and in as 
short a time as possible. For efficiency in com-
munication, each class of radio service has set up 
operating methods and procedure best suited 
to its needs. Operators should not only be ex-
pert in transmitting and receiving code or 
voice signals, but thoroughly familiar tvith the 
uniform practices of their service. 

Memorizing the Code 

One of the amateur operator-license require-
ments covers ability to send and receive Con-
tinental ( International Morse) code at the 
rate of 13 words per minute. 
The serious student of code — sending, re-

ceiving, operating practices, copying on the 
typewriter, etc. — would be best advised to 
purchase a copy of the ARRL booklet, Learn-
ing the Radiotelegraph Code (price, 25 cents, 
postpaid). 

A didah N dandit 

B dandididit O dandandah 

C dandidandit P didandandit 

D dandidit Q dandandidah 
E dit R didandit — 

F dididandit S dididit 
G dandandit T dab 

H didididit U dididah 

I didit V didididah 
J didandandah W didah dab 

K dandidah X dandididah 
L didandidit Y dandidandah 

M dandah Z dandandidit 

1 didandandandah 6 dandidididit 
2 diiliciandandali 7 dandandididit 

3 didididalidah 8 dandandandidit 

4 dididididah 9 dalid7thdandandit 

5 dididididit g dandandandandah 
— — — — 

Period: didandidalididah. Comma: dalidah-

dididandah. Question mark: dididallilandidi. 
Error: didididididididi. Double dash: dahulididi-

dah. Wait: didandididi. End of message: 
didandidandi. Invitation to transmit: dalidi-

dah. End of work: didididandidah. Fraction 
1;1).7: dandididandi. 
Fig. 2101— The Continental (International Mom) 
code. 

The first step is to memorize the code. The 
complete Continental alphabet is shown in the 
table of Fig. 2101. All of the characters should 
be learned, starting with letters and going on 
to numerals and punctuation marks. Take a 
few at a time. Review at intervals ail the letters 
learned up to that time. 
Think of the letters in terms of sound rather 

than their appearance as actual dot-and-dash 
combinations. Think of A as the sound " didah" 
— not as a " dot-dash." Make the sound " di" 
staccato, allowing stress to fall equally on 
every "dah." There should never be a space or 
hesitation between " dits " and " dal's" of the 
same letter. 

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 every character to the 
point where you can recognize each of them 
without hesitation. Concentrate on any dif-
ficult letters until they become as familiar as 
the rest. 

e Acquiring Speed by Buzzer Practice 

When the code is thoroughly memorized, 
regular practice periods will develop code 
proficiency. Two people can learn the code 
together, sending to each other by means of a 
buzzer-and-key outfit. An advantage of this 
system is that it develops sending ability, too. 
for the person doing the receiving will be quick 
to criticize uneven or indistinct sending. If 
possible get an experienced operator for the 
first few sessions to learn how well-sent char-
acters should sound. 

Either the buzzer set shown in Figs. 2102 
and 2103 or the audio oscillator described 
will give satisfactory results as a practice 
set. 
The battery-operated audio oscillator in 

Figs. 2104 and 2105 is easy to construct and is 
effective. If nothing is heard in the head-
phones when the key is depressed, reverse the 
leads going to either transformer winding (do 
not reverse both windings). 
With a practice set ready, send single letters 

at first. When each character can be read 
quickly follow this by slow sending of complete 
words and sentences. Have the material sent 
at just a little faster rate than you can copy 
easily; this speeds up your mind. Write down 
each letter you recognize. Do not try to write 

460 
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nvo Dry .feilr 

TO in senes connective 
/*ones he,e 

Buzzer 

Fig. 2102 — The headphones arc connected across the 
coils of the buzzer, with a condenser in series. If the 
value shown gives an excessively loud signal, it may be 
reduced to 470 ggfd. or 220 ggfd. 

down the dots and dashes; write down letters. 
Don't stop to compare the sounds of different 
letters, or think too long about a letter or word 
that has been missed. Go right on to the next 
one, or each " miss" will cause you to lose 
several characters. If you exercise a little 
patience you will soon be getting every char-
acter. When you can receive 13 words a minute 
(65 letters a minute), have the sender transmit 
code groups rather than English text. This will 
prevent you from recognizing a word " on the 
way" and filling it in before you've really 
listened to the letters themselves. 

After you have acquired reasonable pro-
ficiency, concentrate on the less common char-
acters, as well as the numerals and punctua-
tion. These prove the downfall of many ap-
plicants taking the code examination. 

Fig 2103 — The cover of the buzzer unit has been re-
moved in this view of the buzzer code-practice set. 

(1. Learning by Listening 

W1AW conducts practice transmissions 
nightly Monday through Friday at speeds of 
15, 20, 25, 30 and 35 w.p.m. Such practice 
tapes start at ten P.M. EST (EDST in summer). 
In addition, the Official Bulletins, also sent 
from W1AW, give added practice at 15 and 
25 w.p.m. See the Operating News section an-
nouncements of W1AW Operating Schedule, 

and Code Proficiency Practice notes, in the 
latest copy of QS7'. Practise until you can send 
in what you have copied over the air on 
W1AW's monthly " qualifying run" to get a 
15-word-per-minute Code Proficiency Certifi-
cate or a sticker for advanced speeds. As soon 
as you can, listen on a real communications 
receiver ( with beat oscillator) and have the 
fun of learning by listening. 
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Fig. 2104 — Wiring diagram of a simple vacuum-tube 
audio-frequency oscillator for use as a code-practice set. 
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Fig. 2105 — Layout of the audio-oscillator code-practice 
set. All parts may be mounted on a wooden baseboard, 
approximately 5 X 7 inches in size. 

Using a Key 

The ci  yet way to grasp the key is impor-
tant. The knob of the key should be about 
eighteen inches from the edge of the operating 
table and about on a line with the operator's 
right shoulder, allowing room for the elbow to 
rest on the table. A table about thirty inches 
in height is best. The spring tension of the key 
varies with different operators. A fairly heavy 
spring at the start is desirable. The back ad-
justment of the key should be changed until 
there is a vertical movement of about one-six-
teenth inch at the knob. After an operator has 
mastered the use of the hand key the tension 
should be changed and can be reduced to the 
minimum spring tension that will cause the 
key to open immediately when the pressure is 
released. More spring tension than necessary 
causes the expenditure of unnecessary energy. 
The contacts should be spaced by the rear 
screw on the key only and not by allowing 
play in the side screws, which are provided 
merely for aligning the contact points. These 
side screws should be screwed up to a setting 
which prevents appreciable side play, but not 
adjusted so tightly that binding is caused. The 
gap between the contacts should always be at 
least a thirty-second of an inch, since too-
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finely spaced contacts will cultivate a nervous 
style of sending which is highly undesirable. 
On the other hand, too-wide spacing (much 
over one-sixteenth inch), may result in unduly 
heavy or " muddy" sending. 
Do not hold the key tightly. Let the hand 

rest lightly on the key. The thumb should be 
against the left side of the knob. The first and 
second fingers should be bent a little. They 
should hold the middle and right sides of the 
knob, respectively. The fingers are partly on 
top and partly over the side of the knob. The 
other two fingers should be free of the key. 
Fig. 2106 shows the correct way to hold a key. 

Fig. 2106 — This sketch illustrates the correct position 
of the hand and fingers for good sending with a tele-
graph key. 

A wrist motion should be used in sending. 
The whole arm should not be used. One should 
not send "nervously" but with a steady flex-
ing of the wrist. The grasp on the key should 
be firm, but not tight, or jerky sending will re-
suit. None of the muscles should be tense but 
they should all be under control. The arm 
should rest lightly on the operating table with 
the wrist held above the table. An up-and-
down motion without any sideway action is 
best. The fingers should never leave the key 
knob. 
Good sending may seem easier than receiv-

ing, but don't be deceived. A beginner should 
not attempt to send fast. Keep your transmit-
ting speed down to your receiving speed, and 
bend your efforts to sending well. Do not try to 
speed things up too soon. A slow, even rate of 
sending is the mark of a good operator. Speed 
will come with time alone. Leave special types 
of keys alone until you have mastered the 
knack of handling the standard key. Because 
radio transmissions are seldom free from inter-
ference, a " heavier" style of sending is best 
to develop for radio work. A rugged, heavy 
key will help in developing this characteristic. 

General Procedure 

Calling — The call signal of the calling 
station must be inserted at frequent intervals 
for identification purposes. Repeating the call 
signal of the called station five times and sign-
ing not more than twice (this repeated not 
more than five times) has proved excellent for 
telegraph or voice practice (the receiver being 
kept tuned to the frequency of the called sta-
tion). The use of a break-in system (c.w.) 
or push-to-talk (voice) is highly recommended 
to save time and reduce unnecessary inter-

ference to a minimum. Example: 

W6EY W6EY W6EY W6EY W6EY DE WIAW WIAW. 

Stations desiring communication with any 
station may use the signal of inquiry, CQ, in 
place of the call signal of the station called. 
The general inquiry call (CQ) should be sent 
not more than five times without interspersing 
one's station identification, and the length of 
repeated calls is carefully limited in intelligent 
amateur operating. Too many insertions of 
one's own call in a CQ will decrease its effec-
tiveness. CQ is not to be used when testing or 
when the sender is not expecting or looking for 
an answer. After a CQ the dial should be cov-
ered thoroughly for two or three minutes look-
ing for replies. For voice work " Calling any 
amateur station" is considered superior to CQ, 
one of the attributes of voice operation being 
the ability to " say it with words." 
FCC regulations require all amateur oper-

ators to send the call of the station called or 
worked and their own call at the beginning 
and end of each transmission, and in any event 
at least once each ten minutes during long 
transmissions. Where break-in is used and ex-
changes of sequences of 3 minutes or less are 
taking place, the calls are required (additional 
to beginning and end) only each ten minutes. 
"This is" or "from" must be used by voice 
stations in place of " DE." Portables and 
mobiles must give their geographical designa-
tion after their calls. 
Answering a call — The above example, 

when replying to a call, may be cut down to 
three (or less) calls, DE, and one or two repeti-
tions of your own call, with further reduction 
to a one-times-one call when conditions permit 
during communication. Example: 

WOEFC DE WIAW GE OM K (good evening, old man, 
go ahead.) 

Ending signals — After a CQ, a transmis-
sion should end with K (invitation to trans-
mit): 

CQ CQ (etc.) DE W7BG W7BG K. 

After a call to a specific station (contact not 
yet established) use AR: 

VE3CAR VE3CAR (etc.) DE WIBDI AR. 

At the end of each transmission during 
QS0 use K: 

. W5BMI DE W6RBQ K. 

At the conclusion of a QS0 use VA or SK: 

t -"Tnx data ur rig 73 VA WIAW DE W4IP. 

If closing station, add CL. 
Voice calls — An initial voice call may be 

made as follows: " Calling any amateur sta-
tion, this is W 6 BAKER KING YOUNG in 
Whittier, California. Go ahead." 
W1LVQ calls W6BKY: " W6BKY, this is 

W 1 LEWIS VICTOR QUEEN in Hartford, 
Connecticut. Go ahead." 
W6BKY answers W1LVQ: "W1LVQ from 

W6BKY" (proceeds with contact). 
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During the contact as above, transmissions 

may be ended: " W1LVQ from W6BKY, 
over." 

In concluding a contact: " W1LVQ, this is 
W 6 BAKER KING YOUNG in Whittier, 
California, signing off." 

If W6BKY is closing his station, he con-
cludes: ". . . signing off and closing station." 
Tuning procedure after CQs — The use of 

special abbreviations after a CQ call to indi-
cate from what part of the band tuning will 
start is a valuable aid to the receiving operator 
in determining frequency to use and how long 
to call. ARRL recommends the following ab-
breviations for this purpose: 
HM — Will start to listen at high-frequency end of band 

and tune toward middle of band. 
MH — Will start to listen in the middle of the band and 

tune toward the high-frequency end. 
LM — Will start to listen at /me-frequency end of band 

and tune toward middle of band. 
ML — Will start to listen in the middle of the band and 

tune toward the /me-frequency end. Example: If the proce-
dure will be to tune from the middle of the band to the high 
end, a CQ call should include: By c.w. — CQ DE WGRBQ 
MR K. liy voice— Simply use the words for which the 
abbreviation MR stands. 

Directional CQs — If interested in a par-
ticular direction or locality for a contact or 
message relay, so indicate in your call. A CQ 
call must be long enough to attract one or 
more operators, but not long enough to cause 
listeners to tire and tune away from your sig-
nal. Examples: CQ W5, CQ DALLAS, CQ 
WEST. 

4g. Voice and Telegraph Operation 

Radiotelegraph code is used for reliable ac-
curate communication of intelligence, even at 
great distances. The good operator is noted for 
his neatness and accuracy of copy. It is de-
sirable to copy exactly what is sent. If there is 
any doubt about a letter or word one should 
query the transmitting operator. Never send 
R (for OK) until all that has been sent is suc-
cessfully received (copied down or under-
stood). 

Procedure in telegraph and in radiotele-
phone operation is similar. However, in voice 
work the operator makes little use of the spe-
cial abbreviations available for code work, of 
course, since he may directly speak out their 
full meaning. Radiotelephony is used by other 
services mainly for discussion or command-
control purposes. Telegraph operation is gen-
erally preferred for message work and extreme 
DX under difficult conditions. 
Repeats — When a few word-groups in 

conversation or message handling have been 
missed, a selection of one or more of the fol-
lowing abbreviations are used to ask for a re-
peat on the parts in doubt: 

Abbreviation 411 eaning  

?AA  Repeat all after  
?AB   Repeat all before  
?AL  Repeat all that has been sent  
?BN ... AND ... Repeat all between... and  
?WA  Repeat the word after  
?WB   Repeat the word before  

The good operator will ask only for what 
fills are needed, separating different requests 
for repetition by using the break sign or 
double dash (— •• • —) between these parts. 
There is seldom any excuse for repeating a 
whole message just to get a few lost words. 

Another interrogation method is sometimes 
used, the question signal (• • — — • -) being sent 
between the last word received correctly and 
the first word (or first few words) received af-
ter the interruption. 

Unusual words should be avoided, in the 
interest of accuracy, when drafting messages. 
When they unavoidably turn up difficult 
words may be repeated, or repeated and spelled. 
The operator says " I will repeat" or " I say 
again" when thus retransmitting a difficult 
word or expression. 
The speed of radiotelephone transmission 

(with perfect accuracy) depends almost en-
tirely upon the skill of the two operators in-
volved. One must learn to speak at a rate al-
lowing perfect understanding as well as per-
mitting 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 sta-

FOIL II. DIOTEURFUONE 

As a service to all amateurs, the 
ARRL Word List printed herewith has 
been devised. A phonetic alphabet or 
special word list is recommended for use 
as needed in identifying station calls•or 
difficult words. 
The list helps to avoid facetious word 

combinations. This gives it greatest ac-
ceptability to all amateurs. 

Use of this standard list is recom-
mended by ARRL. Haphazard selection 
of words often results in confusion. A 
degree of uniformity in use of phonetic 
words reflects favorably on your indi-
vidual operating, and on the whole ama-
teur service. 

A — ADAM 
B — BAKER 
C — CHARLIE 
D — DAVID 
— EDWARD 

F — FRANK 
G — GEORGE 
H — HENRY 
I — IDA 
J — JOHN 
K — KING 
L — LEWIS 
M — MARY Z — ZEBRA 
Example: WlEH . • W 1 ED-

WARD HENRY. 
It is recommended that use of Q-code 

and special abbreviations be minimized 
in voice work insofar as possible, and the 
full expression (with conciseness) be 
substituted. 

N — NANCY 
— OTTO 

P — PETER 
Q — QUEEN 
R — ROBERT 
S — SUSAN 
T — THOMAS 
U — UNION 
V — VICTOR 
W — WILLIAM 
X — X-RAY 
Y — YOUNG 
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tions should use a standard list as needed to 
identify call signals or unfamiliar expressions. 

Using a microphone — Many of the prin-
ciples for getting operating results are similar 
to those set down for key operation. However, 
the ability to phrase clearly and concisely 
counts. Good push-to-talk technique differs 
considerably from broadcasting. Where possi-
ble, controls or on-off switches should be ar-
ranged to permit fast back-and-forth ex-
changes. This will help to reduce the length of 
transmissions, enable us to note quickly when 
interference comes on a frequency, and will 
keep brother amateurs from calling us a 
"monologuist" — an individual who likes to 
monopolize a channel and hear himself talk! 
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USE PUSI-I -To-TALI< AND AVOID 
GE.IN(a CALLED A MOWOLOCurer 

Here is a short tabulation of the points of 
good result-getting technique: 

1) Listen much . . . with care. Avoid distractions in 
your operating room. Tune the band well after cad, call. 

2) Time your calls; monitor your own frequency. 
Call only when a station is free. 

3) Make short callx, with breaks to listen. Speak 
clearly, at a steady, modest rate. Three short calls are better 
than one long one. 

4) Use push-to-talk technique . . . speak near the 
microphone. Watch the modulation indicator. Keep local 
background noise at a minimum. 

5) Make notes. Avoid missing points for comment. 
Jot down topics to avoid repeats. 

6) Talk in connect.' thoughts and phrases. Notes 
will help avoid mixing up subjects. Push-to-talk technique 
will keep brother amateurs from calling you a monologuist. 

7) Speak naturally. QS0s need not be cut and dried. 
Make them interesting. Avoid exhibitionism. Use proper 
operating form to promote efficiency in communication and 
add respect and prestige for your station. 

Voice equivalents to code procedure — 
"Go ahead" or " Over" (K) indicates receipt 
or further transmission is expected. 
. Wait, stand by (AS-QRX). 

Okay (R) indicates receipt for a correctly-
transcribed message, or that transmission was 
received " solid" with no missing portions. 
Make transmissions through twice (QSZ). 

Repeat each word twice. 
All After . . . ( AA). Repeat all after . . . 

(word). 

All Before . . . (AB). Repeat all before 
. . . (word). 
Repeat BetweeN . . . and . . . (BN). Re-

peat between . . . and . . . (words). 
Message handling — Each service — com-

mercial, military, amateur — prescribes a 
message form, but all are generally similar. A 
message is broadly divided into four parts: 
(1) the preamble; (2) the address; (3) the text; 
(4) the signature. The preamble of all ama-
teur radiograms includes: 

a) Number (of this message). 
b) Station of origin. 
c) Check (number of words in text). 
d) Place of origin. 
e) Time filed. 
f) Date. 

Therefore, it might look like this: 

sn 34 W9AND 13 CMICA00 ILL 450 PM MAY 12 
WILLIAM MONTGOMERY 

2159 novy MT NW 
WASHINGTON DC BT 

LOCAL EMERGENCY COORDINATORS HAVE 123 MEN AVAILA-
BLE FOR ACTIVE DUTY CASE OF EMERGENCY ST' 

BLAKE 

This is obviously the 34th message (of that 
day or that month, as the policy of the station 
prescribes) from station W9AND. The check 

is 13. The signal BT (double dash) is used to 
separate the text from address and signature. 

Several radiograms may be transmitted in 
series (QSG . . .) with the consent of the sta-
tion which is to receive them. As a general rule 
long radiograms should be transmitted in sec-
tions of approximately fifty words, each ending 
with • • — — - • (?), meaning, " Have you re-
ceived the message correctly thus far?" 

If the first part of a message is received but 
substantially all of the latter portions lost, the 
request for the missing parts is simply RPT 
TXT AND SIG, meaning, " Repeat text and 
signature." PBL and ADlt may be used sim-
ilarly fur the preamble and address. RPT ALL 
or RpT MSG should not be sent unless nearly 
all of the message is lost. 
The service message — When one station 

has a message to transmit to another concern-
ing the handling of a previous message, the 
message is titled " service" and is indicated 
by " SVC" in the preamble when sent. Such a 
message may refer to nondelivery, delayed 
transmission, errors, or to any phase of mes-
sage-handling activity. Words may be abbre-
viated in the text of the service message to 
conserve time. Do not abbreviate to the point 
where misunderstanding may arise. 
Land-line check — The land-line or " text" 

count, consisting of count only of the words 
in the body or text of the message, is probably 
now most widely used. (The " cable" count 
covers all words in the address and signature, 
as well, probably accounting for its unpopular-
ity.) When in the case of a few exceptions to 
the basic rule in land-line checking, certain 
words in the address, signature or. preamble 
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are counted, they are known as extra words 
and all such are so designated in the check 
right after the total number of words. 
The check includes: 

1) All words, figures and letters in the 
body, and, 

2) the following extra words: 
a) Signature except the first, when 

there are more than one (a title with sig-
nature (loes not count extra, but an ad-
dress following a signature does). 

b) Words " report delivery," or " rush" 
in the check. 

c) Alternate naines and/or street ad-
dress, and such extras as " personal" or 
"attention." 

Dictionary words in most languages count 
as one word irrespective of length of the word. 
In counting figures. a group of five digits or 
less counts as one word. Bars of division and 
decimal points may constitute one or more of 
the digits in such a group. It is recommended 
that, where feasible, words be substituted for 
figures to reduce the possibility of error in 
transmission. 

(I, Net Operation 

Amateurs can add much experience and 
pleasure to their amateur lives. and substance 
and accomplishment to the credit of all ama-
teur radio, when organized into effective 
interconnection of the cities and towns of a 
state. 
The selection of suitable stations to be in-

vited to work together is important. Operating 
ability is required. All individuals must be 
willing to (•ontribute unselfishly to the success 
of the group objectives, permitting operations 
to be guided absolutely by the word of the 
NCS (Net Control Station). 
"Break-in" is advantageously employed 

here — the receiver is kept running during 
transmissions, so that nearly-simultaneous 
two-way communication is possible. 

Briefly, the procedure in net operation is as 
follows: The NCS calls the net together at a 
preannounced time and using a predetermined 
call. Immediately, station members of the net 
reply in alphabetical (or some other predeter-
mined) order, reporting on the NCS's signal 
strength and stating what traffic is on hand, 
and for whom. The NCS acknowledges, 
meanwhile keeping an account of all traffic 
on hand, by stations. Ile then direets the 
transfer of messages from one station to an-
other, giving preference to any urgent traffic 
so indicated at roll call. When all traffic has 
been distributed and it is apparent there is no 
further business the NCS will close the net, in 
most cases maintaining watch on the net fre-
quency for any special traffic which might ap-
pear. In general the operation of all net sta-
tions is conducted for highest efficiency, on 
the same, or on closely-adjacent frequencies. 

Keeping a log— FCC regulations require 
nearly every ra(lio-communication station to 
keep a complete operating record or " log," 
including such data as times and dates of 
transmissions, stations contacted, message 
traffic handled, in put power to the transmitter, 
frequency used, and signature or " sine" of the 
operator in charge. 

Secrecy of correspondence — Provisions in 
the Communications Act make it a misde-
meanor (with heavy penalties) to give out in-
formation of any sort to any person except the 
addressee of a message or his authorized 
agents. Remember that any addressed point-
to-point communication (call- to-call) is cov-
ered by the law. Only when sent after a CQ 
call or QS7' (to all amateurs) can a conversa-
tion or message be used or divulged without 
the express consent of the originator or re-
cipient. 

lq Time Systems 

While many telegraph and radio circuits 
use local statitlard (or daylight) tinte in log-
keeping and message-hap multi international 
radiocommunication stations and the military 
services follow the 24-hour system of time-
keeping. Greenwich Civil Time (24-hour 
system) is based on the time in Greenwich. 
England, the city at the 0° meridian. M i( [night 
in Greenwich is represented by 0000; 0600 rep-
resents 6 A.M. there; 1200 is noon; 1800 is 6 
r. i. 2400 is again midnight and the saine as 
0000 of the next day. The figures must be 
corrected to each individual time zone. East-
ern Standard Time is five hours behind Green-
wich, so that 0630 GCT (6:30 A.M. in Green-
wich) would represent 1:30 M. EST, for ex-
ample. As an example of reverse translation, 
9:30 A.M. EST would be designated in the log 
as 1430 OCT. EDST is four hours behind 
OCT; NIDST, six hours; PDST, seven. 
The military services use simply a 24-hour 

clock, based on local time, without correcting 
to Greenwich or any other longitude. The 
principal advantage of this system is the 
elimination of the necessity for the nee of 
P.M. or A.M. abbreviations. Each 15° zone of 
longitude around the globe is designated by a 
letter which is sent in messages with the nu-
merals giving the time. 

ARRL Operating Organization 

The purpose of station-building is to corn-
munient e. To assist antate(iN to gel the most 
from their communication by amateur radio 
A RRL maintains a Communications Depart-
ment with 70 territorial Sections 
P.I., Cuba, Canada). A member-elected Sec-
tion Manager administers appointments and 
handles correspondence and activity reports 
(published monthly in QS7') from the active 
reporting stations in each Section. 

All posts in the organization are dedicated 
to fulfilling certain specified objectives. A high 
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standard of operation, telegraph or voice, is 
called for in each " station" appointment. In 
certain of the activities or station tests, re-
sults may be achieved in a week-end or two of 
operation that are the equivalent of " months" 
of average amateur work. Organization permits 
superior results through the mutual coopera-
tion and collaboration of each member of a 
group. Our ARRL is a mutualsbenefit associa-
tion for the representation of the amateur, 
striving to add in every way to the effective-
ness of the individual station and to increase 
the pleasure and profit of the member in his 
hobby. 
The following abbreviated descriptions in-

dicate the types of ARRL-SCM appointments 
that are made with the purpose of each. See 
page 6 in any QST for the address of your 
Section Communications Manager. Every 
reader of these pages is cordially invited to 
report his station activities to his SCM for 
OST mention. All who meet the qualifications 
and will assist in the objectives set down in the 
ARRL Constitution, and the book Operating 
an Amateur Radio Station are urged to secure 
appropriate forms for appointments from the 
SCM or ARRL Headquarters and to fully 
participate in their operating organization. 

Leadership and station appointments — 
SEC (Section Emergency Coordinator). Pro-

motes and administers Section emergency 
radio organization. 
EC (Emergency CoOrdinator). Organizes 

amateurs of a community or other area for 
radio emergency service; liaison with officials 
of agencies served and with representatives of 
other communication facilit ies locally. 

ORS (Official Relay Stat ion). Traffic service, 
operates nets and trunk lines. 

OPS (Official 'Phone Station). Voice-operat-
ing, assists in establishing high operating 
standards. 
OES (Official Experimental Station). Ex-

perimental operating, collects reports on 
v.h.f.-u.h.f.-s.h.f. propagation data or con-
tacts; some engage in fax, f.m., tv., etc. ex-
periments. 
OBS (Official Broadcasting Station). Trans-

mits ARRL Bulletins to amateurs. 
00 (Official Observer). Sends mail (or ra-

(1ios) cooperative notices to amateurs to assist, 
in frequency observance, insure high-quality 
signals, and prevent FCC trouble for the indi-
vidual or the fraternity. 
RM (Route Manager). Organizes traffic nets 

and coordinates schedules. 
PAM (' Phone Activities Manager). Organ-

izes activities for OPS. 

e RST System of Signal Reports 
The RST system is an abbreviated method 

of indicating the main characteristics of a re-
ceived signal, the Readability, Signal Strength. 
and Tone. The letters RST determine the or-
der of sending the report. In asking for this 

READABILITY 

1— Unreadable 
2 — Barely readable, occasional words 

distinguishable 
3 — Readable with considerable diffi-

culty 
4 — Readable with practically no diffi-

culty 
5 — Perfectly readable 

SIGNAL STRENGTII 

1 — Faint — signals barely percepti-
ble 

2 — Very weak signals 
3 — Weak signals 
4 — Fair signals 
5 — Fairly good signals 
6 — 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 rougis a.c. note, moder-

ately 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 note appears to be crystal-
controlled simply add an X after the 
appropriate nain ber.) 

If there is evidence of a chirp, the 
letter C may be added to so indicate. 

Examples 

By Telegraph: RST 359; RST 567X; um 49sc. 
The letters RST need not be sent, if it is clearly 
understood that the UST System is being used. 
By Voice: Say simply. "I am receiving,. you 

Readability . . . (1-5), Strength . . . (1-9)." 

form of report, one transmits RST? or simply 
QRK? 

41 Emergency Operating 

One of the most interesting and practical 
fields for the active amateur, adding to his en-
joyment as well as his prestige and record for 
successful and constructive communication, is 
that of emergency operating work. Before 
World War II individual amateurs and groups 
had scores of recorded instances of participa-
tion, handling information of critical value by 
amateur radio in sudden emergencies resulting 
from hurricane, flood, earthquakes, blizzards 
and other natural and man-made disasters 
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that severed wire communication and trans-
portation. 

Following World War II, the FCC reopened 
amateur facilities in a limited manner just one 
week after V-J Day, to permit the reactivation 
of the ARRL Emergency Corps and the 
restoration of the widespread amateur radio 
capabilities to help local communities and the 
nation through the wide geographical avail-
ability of amateur stations. Even if amateurs 
do not find radio drills and activities perti-
nent to emergency preparedness (on 144 Mc. 
and every low-frequency band) of the greatest 
interest and pleasure, amateurs should wish to 
participate in AEC organization and planning 
in order to continue such FCC approbation and 
action in their behalf! So every reader who is 
an amateur is urged to subscribe to the Emer-
gency Corps and participate in every local and 
national activity in any manner related to 
emergency preparation! 
A communications emergency occurs when-

ever normal facilities are interrupted or over-
loaded, and may or may not involve general 
public participation or require FCC recogni-
tion or declaration. A communications emer-
gency need not involve a public relief or wel-
fare emergency, but the latter condition 
usually is accompanied by a communications 
emergency. 

Relief problems of the community at large, 
official messages from Red Cross, military and 
civic officials, have absolute priority in emer-
gency. Radio circuits must carry the impor-
tant messages first, and when personal-safety 
messages are permissible, in the judgment of 
operators in the affected area, it is even then 
much more profitable to carry the burden of 
traffic and outgoing messages of safety, rather 
than requests for investigating safety which 
cannot be acted upon except at a deferred date. 
When FCC declares a condition of general 

communications emergency, special amateur 
regulations (§ 12.156) govern absolutely, with 
the following provisions effective until the 
Commission declares the emergency ended: 

1) No transmissions in the 80-meter band 
may be made except those rclatihs to the relief 
or emergency service. Casual conversation, 
incidental calling or testing, remarks not perti-
nent to the constructive handling of the emer-
gency communications, shall be prohibited. 

2) Band-edge segments of 25 kc. shall be re-
served at all times for (a) emergency calling 
channels, (b) initial calls from the isolated, 
(c) first calls initiating dispatch of important 
priority relief matters. All stations shall, for 
general communication, shift to other within-
band frequencies for carrying on communica-
tions. 

3) Hourly observance of mandatory quiet or 
listening periods, the first five minutes of each 
hour. (No calls may be answered in this period. 
Only " utmost priority" traffic may continue.) 

4) For promulgating the emergency-declara-
tion, and for policing-warning-observing work, 
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FCC may designate certain amateur stations. 
Announcements from these stations will be 
identified by their reference to § 12.156 by 
number, and their specification of the date of 
the FCC's declaration, with statement of the 
area and nature of the emergency. 
Emergency calling frequencies — Regard-

ing QIIR, which call is limited to use of isolated 
stations for first emergency calls, special pro-
visions and methods are necessary to assist the 
stations under handicap of no commercial 
power, in remote sections, in getting contact 
and help. 

It is recommended by ARRL that frequen-
cies at the band edges be utilized for emergency 
calls when no general emergency is declared or 
in effect. This lends point and specification to 
builders of emergency equipment. This spot on 
all bands is well covered continuously by re-
ceivers. It gives hope to the isolated operator 
that he be heard. All listeners are instructed to 
hunt for weak signals on such frequencies, 
during general emergency, for taking account 
of the isolated and establishing new important 
connections. 

AMERICAN RADIO RELAY LEAGUE 

EMERGENCY CORPS 
FOR PUBLIC SERVICE 

This Certifies that  John J. Doe  

Full  member of' the ARRL Emergency Corps for 
one year from date below or endorsement on reverse side. 

In the event of failure of regular communication facilities due to 
storms, floods, and similar disasters, this operator offers the use of 
his amateur radio station and services to his country and community. 

He will Cooperate closely in Emergency Corps activities, such 
as plans for rendering emergency communications service, and will 
participate as possible in appropriate preparedness drills and tests. 

Dated Jan. 1, 1946 

Ernerdeney cob, Mato, "Zeedee«'.....:461 Cornms. Mgr.  A.R.R 

EMERGENCY CORPS MEMBERSHIP CARD 
Have You Got Yours? 

ARRL Emergency Corps — The ARRL 
Emergency Corps (AEC) is dedicated to or-
ganization of the amateur radio service for 
top performance in supplying emergency radio 
communication whenever and wherever 
needed. The Emergency Corps has been or-
ganized and strengthened to insure maximum 
effectiveness at the same time it provides op-
erating enjoyment for its members. 

Emphasis is on radio activity and simulated 
emergency nets. The organization chart and 
radio functional diagram will help you to un-
derstand the operation of the Corps. V.h.f. is 
the accepted medium for local emergency 
communication. The 144-Mc. band is recom-
mended for local nets where practicable. II.f.-
band stations will be recruited for long-haul 
emergency requirements. Drills and simulated 
emergency work are the aim in each commu-
nity. Activity in these will be required to keep 
in the Fall Membership group. 
Here is an official activity in which you, as 

an amateur, will want to participate. If you 
have an operative station on 144-Mc, or other 
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amateur frequencies, aim to join the ARM', 
Emergency Corps. Work closely with the 
Emergency Coordinator (wherever appointed) 
and the SCM. 
Why you should join— Amateur radio must 

carry forward its rôle of furnishing emer-
gency communications. Disaster can and dors 
strike where least, expected! To cope wit It emer-
gency problems wherever they arise, the 
support of amateurs throughout the nation is 
required. Public service in emergencies is part 
of the tradition of amateur radio, and substan-
tial justification for the frequency assignments 
granted by our government. The A lt RL Emer-
gency Corps is an important activity. 

LIAISON WTTP CIVIC 
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How to join— Application forms are avail-
able from your local EC, the local ARM,-
affiliated club, your SCM or from League 
headquarters. One of these forms properly 
filled out and returned to the address indicated 
thereon, entitles you to receive a card certify-
ing membership in the Emergency Corps. You 
will then be included in plans for on- the-air 
tests, drills, and other interesting activities. 
Join now! A postal will bring you the applica-
tion form. 

Operating Activities 

Operating in the amateur bands offers many 
thrills. The " unexpected" is always around 
the corner. Special activities are sponsored by 
the American Radio Relay League, adding to 
ham interest and fraternalism. 

Within the ARRL field organization there 
are all-season and quarterly activities. The 
first Saturday night each month is set aside 
for all AREL officials, officers, and directors 
to get together over the air from their own 
stations, wherever located. The 3.5- Mc, band 
is used and this first, Saturday night is known 
to the gang as ARRL Officials Nite. 
As in all our operating, the idea of having a 

good time is combined in the annual Field Day 
with the more serious thought of preparing our-
selves to shoulder the communication load as 
emergencies turn up and the occasion requires. 
A premium is placed on the use of equipment 
without connection to commercial sources of 
power. 
The Worked All States (WAS) award is 

made available by ARRL to all amateurs who 
have confirmed evidence of contacts with all 
states from one location — as one example of 
available certificate awards. A DX " Century 
Club" certificate likewise is given to all ama-
teurs proving contact with 100 countries in a 
like manner. Code Proficiency Certificates are 
available for submitted copy of aural recep-
tion at 15 to 35 words per minute, provided 
bona fide " copy" of monthly qualifying runs 
checks. 

Progress in proficiency of code reception is 
shown after the initial test and the AltRL cer-
tificate award by a separate dated-and-ini-
tialed endorsement. This is arranged for dis-
play on the certificate. Every licensee is invited 
to go " all out." for our awards by sending in 
copy transcribed by his personal efforts on one 
of the qualifying runs. See the latest issue of 
QST for the current schedule of W 1 AW Qual-
ifying Runs. Cet your certificate . . . then 
the progress awards! 

Follow QST each month for current an-
nouncements of special simulated-emergency 
tests, concerning ARRL Trunk Line opera-
tion, A-1 Operator Club, Rag Chewers Club, 
Old Timers Club, Field Day. International 
DX and All-Section Sweepstakes competi-
tions, and others. 
The booklet. Operating an Amateur Radio 

Station is sent gratis on request to League 
members, and covers the rules for different 
ARRL Awards as well as the several leadership 
and station appointments granted amateurs-
members of the League who are conducting 
particular types of services in an exemplary 
manner, to assist brother amateurs or build 
the ability of amateur radio to serve the com-
munity and the nation. This 19-page book deals 
consecutively with Operating Practice, Emer-
gency Communication, Operating Activities, 
ARRL Field Organization, Leadership Ap-
pointments, Station Appointments, Handling 
Messages, Network Organizing and NCS 
Duties, Abbreviations, and FCC Regulations, 
Orders and Miscellany. If you are a League 
member mail a card for your free copy today. 



INTERNATIONAL AMATEUR PREFIXES 

To make possible identification of calls heard on the air, the international telecommu-
nications conferences assign to each nation certain alphabetical blocks, from which all classes of 
stations are assigned prefixes. The following prefixes are used by amateurs. 

CE 
CM-CO 
ON 
CP 
CR 

CT 

CX 

EA 

El 
EL 

EP 
ES 

F 

Chinn (used unofficially) 
Chile 
Cuba 
French Morocco 
Bolivia 
Portuguese colonies: 4, Cape Verde Ids.; 5, 

Port. Guinea; 6, Angola; 7, Mozambique; 8, 
Port. India; 9, Macao; 10, Timor. 

Portugal: 1, Portugal proper; 2, Azores Ids.; 3, 
Madeira Ids. 

Uruguay 
Germany 
Spain and colonies: 1, 2, 3, 4, 5, 7, Spain proper; 

6, Balearic Ids.; 8, Canary Ids.; 9, Span. Mo-
rocco & No. Africa, 

Eire 
Liberia 
Iran ( Persia) 
Estonia 
France and colonies: F3. F8, France proper; FA, 

Algeria; FII8, Madagascar; FDS, Togo; FE8. 
Cameroons; FF8, Fr. West Africa; FG8, 
Guadeloupe; FIS, Fr. Indo-China; 1118, 
New Caledonia; FL8, Fr. Somaliland; FM8, 
Martinique; FN8, Fr. India; F08, Fr. 
Oceania; FPS, St. Pierre 3: Miquelon; FQ8, 
Fr. Equatorial Africa; FR8, Reunion Ids.; 
FT4, Tunisia; FUS. New Hebrides; FT8, Fr. 
Guiana & mini. 

G Great Britain except: GI, Northern Ireland; 
GM. Scotland; GW, Wales. 

HA Hungary 
JIB Switzerla 

HC Ecuamlor 
HI! Haiti 
III Dominican Republic 
HJ-IIK Colombia 

HP Republic of Panama 

HR Honduras 

HS Siam 
HZ Hedjaz 

Italy 

Japan 
Continental United States of America 

KA Philippine Ids. 

KB-KZ Territories and possessions of the U.S.: KB6, 
Baker, Howland, American Phoenix Ids.; 
KG6, Guam; KH6. Hawaii; KJ6, Johnston 
Island; KL7, Alaska; KM6, Midway Islands; 
EN, Puerto itieu; i<P6, Palmyra Group, 
Jarvis Id.; KS6, American Samoa; KV4, Vir-
gin Islands; KW8, Wake Group; KZ5, Canal 
Zone (Army). 

LA Norway 
LU Argentina 

LX Luxembourg 

LY Lithuania 

LZ Bulgaria 

MX Manchuria 
NY U.S. Navy yards: NY1-2, Canal Zone; NY4, 

Guantanamo, Cuba. 

OA Peru 
011 Finland 

OK Czechoslovakia 

ON Belgium 

OQ Belgian Congo 

OX Greenland 

OT The Faeroes 

OZ 

PA 

P.1 

Denmark 

Netherlands 

Curacao 

PK Netherlands Indies: 1, 2, 3, Java; 4, Sumatra; 5, 
Dutch Borneo; 6, Celebes-New Guinea. 

PX Andorra 

PT Brazil 

PZ Suriname (Neth. Guiana) 

SM Sweden 

SP Poland 
ST-SU 

S'.-SX 

TA Turkey 

TF Iceland 

TG Guatemala 

TI Costa Rica 

U-UC Union of Sorialistie Soviet Republics: 1-7, 
European; 8, 9, o, Asiatic. UB, Ukraine; UC. 
White Russian. 

VE Canada 

VK Australia: 2, 3. -5. 6. 8, Aust. proper; 4, Papua 
Terr.; 7, Tasmania; 9. New Guinea Terr. 

VO Newfoundland and Labrador 

VP to VS British colonies and protectorates: VP1, Brit. 
Honduras; 2, Leeward & Windward Ids.; 3, 
Brit. Guiana; 4, Trinidad and Tobago; 5, 
Jamaica and Cayman Ids.; 6, Barbados; 7, 
Bahamas; 8, Falkland Ids.; 9, Bermuda; VQ1, 
Zanzibar; 2, Northern Rhodesia; 3, Tangan-
yika; 4, Kenya; 5, Uganda; 6, Brit. Somali-
land; 8, NIatirithis and Chagos; 9, Seychelles; 
VR1, Gilbert & Ellice Ids. and Ocean Id.; 2, 
Fiji Ide.: 3, Fanning Id.; 4, Solomon Ids; 
5, Tonga (Friendly) Ids.; 6, Pitcairn Id.; VS1. 
Straits Settlements; 2, Federated Malay 
States; 3, Non-federated Malay States; 4, 
Brit. North Borneo; 5, Sarawak; 6, Hong-
kong; 7. Ceylon; 8, Bahrein Id.; 9, Maldive 
Ids. 

VU British India 

Continental United States of America 
XE Mexico 

XU China 

XZ Burina 

YA Afghanistan 

TI Iraq 

YL Latvia 

ym Free City or llmsesig 

YN Nicaragua 

YR. Roumania 

YS El Salvador 

YT-YU Yugoslavia 
YV Venezuela 

ZA Albania 
ZB to ZJ British colonies and protectorates: ZB1, Malta; 

2. Gibraltar; ZCI, Transjordania; 2, Cocos 
Ids.; 3, Christmas Id.; 4, Cyprus; 6, Palestine; 
ZDI, Sierra Leone; 2, British Cameroons, 
Nigeria; 3, Gambia; 4, Gold Coast (Brit. 
Togoland); 6, Nyasaland; 7, St. Helena; 8, 
Ascension Id.; 9. Tristan da Cunha; ZE1, 
Southern Rhodesia. 

ZK-ZL-ZM New Zealand: ZK1, Cook Ids., Zanzibar; 
ZK2, Niue; ZL, Now Zealand proper: ZM. 
Brit. Samoa. 

ZP Paraguay 

ZS-ZT-ZU Union of South Africa: ZS1-2, 4-6, South 
Africa proper; ZS3, Southwest Africa. 

Egypt: ST, Egyptian Sudan; SU, Egypt proper 
Greece 



inc/ex 

PAGE 

"A" Battery  60 
A.C. 30-37 
A.C.-D.C. Converters  187 
A.C.-D.C. Power Supplies  183 
A.C. Generators   30-33 
A.C. Instrument  -   36 
A.C. Spectrum  33 
AT-Cut Crystals   58 
Abbreviations, Radio and Electrical  411 
Abbreviations, Radiotelegraph 463-168 
Absorption  189 
Absorption Frequency Meters 396-398 
Absorption Modulation 120-121 
Acorn Tubes 90,153 
Adjacent-Channel Selectivity   143 
Air-Core Transformer  37 
Air-Gap Crystal Holder  96 
Air Ma.s.ses  191-192 
Alignment, Receiver 169-172,174 
Alternating Current,  ..30-37 
Alternating Current, Ohio's Law for 33-37 
Alternating-Current Spectrum  33 
Alternator  30 
Amateur Band  • 12 
Amateur Operator and Station Licenses   12 
Amateur Radio  0-12 
Amateur Regulations  12 
American Radio Relay League: 

Foundation  9 
Headquarters  12 
Hiram Percy Maxim Memorial Station  12 
Joining the League   11 

Ammeters 29,-30,36-37 
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217 
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195 
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Feeder Connections 232-233 
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Length 198-204,219 
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210, : :20022885 L T inear ransformers 
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Nonresonant Lines 205-210 
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Reactance  51 
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Resonant Lines  203-205 198,205-206 Single-Wire Feed  

Standing-Wave Ratio 50-51 
Stub Matching 207-209 

2°3 
Tuned Transmission Lines  
Twisted- Pair Line 198 -206 

21,180 Untuned Transmission LinesM 1 
Voltage Feed 1,75 

Feeding Close-Spaeed Arrays  991-222 
Folded-Dipole Antennas 222,376-377, :192 
Fol, led Doublet 222,3761,5_77, 319962 
Free-Space Pattern  
Guys 

194-219258 Half-Wave  
228-229 Halyards  

Heitz Antenna  194 
194,195,196,210 Impedance  

Installation 223-233 
"3 J" Antenna  76,390-391 
Lazy-II Antenna  218 
Length 194, 22027, -, 223200 

Protection  Igni Lightning 
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Masts 226-229 
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1‘11 379-381,390-392 is.rile   l)tiilliand Antennas 212-215 
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Power Gain 194,210,215,217,218,220.375 
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Reflector  
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Rntary-Heam Antennas. ... 216-223,230-233,377-381 
Stamling Waves 48-49 
Switching  230 
Tilt Angle  215 
Transmission Lines 198-210,229,232 
Tuners, Construction of. 

Low-Power Rack-Mounted Antenna Tuner.265-266 
Medium-Power Antenna Tuner  294 
Wide-Range Antenna Coupler 280-281 

R'r' An Receiver  
• Antennas  215 

Very-F.ligl, Frequency (see " Very-High Frequen-
') 375-382 

Voltage Distribution 1114-195,209-210 
Wide-Band Antenn  s  381 
Zepp Antenna  203 

Anti-Nodes  49 
Are-Back  176 
Arms, Bridge-Ciieuit  48 
Arrays, Antenna 215-223, 377-381 

13 Atoms  
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Code (Continental) and Code Practice  

Coëllicient of Coupling   44 
Coefficient, Tetnperat ir-e  as 
Coil (see " Inductance") 
Coil Cement  
Coil, Field  
Coil, Voice  
Coils, Vi oiling  
Collector Electrode  
Collinear Arrays  
Color C'odes, IIMA  
Colpitts Circuit  
Combined A.C. and D.C.  
Combination Arrays  
Communications Department, AltItl.   II, 460-468 
Compact Aumnnas  213-214 
Compensation, High-Frequency  78 
Compensation, Low-Frequency  78 
Complex Waves   .59 
Concentric-Line Circuits (see Coaxial-Line Circuits) 
Concentric Transmission Line (see Coaxial-Transinis-

Sion Lines) 
Condenser  
Condenser, liaml-Setting 
Condenser Color Code  
Condenser Coupling  
Condenser-Input Filter 
Condenser Microphones 

Pnein 

16 
153 
412 
44 

 177-178 
126 

Condenser Series a rel Parallel Connections 28-29 
Condenser Reactance  34 
Condensers, BanfIspreafl  153 
Condensers, titiller  185 
Condensers, Ity-l'il.,3   59 
Condensers, Electrolytic  177 
Condensers, Netitedizing  103 
Condensers, Voltage Rating 107, 177 
Confluctance  26 
Contortion  13, 16-18 
Conduction, Electrolytic  17-18 
Conduction, GasfallIS   17 
Conduction, Thermiouie  18 
Conductivity 13,26 
Conduetivity of Maids  414 
Concluetors 13 
Conical Horn 381-382 
Couic Antennas 381-382 
Constant, Time 29,164 
Constants, LU  43 
("oust re e ti011 Pt actièe 234-238 
Continental Code  4410 
Control Circuits, Station  
Control Grid  

78 Controlled-Rect ifier Keying  1 
Conversion Eflieieney  156 
Converters. A.Cf -D.C.  187 
Converters, Frequency 155, 1°6-158 

Copper-Wire 'fable  
Converters, V.11  F 

Core 2541, 

P17,337-346 

Corner Reflector Antenna  i831672 

Coulomb  
401-46155 Counting Messages  

Coupled Circuit  • 43-48 
Coupling  25 
Coupling, Antenna to Receiver  146 
Couplin Antenna n Coupling. Antena to Trasmitter 266-243 
Coupling, hoke  12)0 C 
Coupling Condenser 44,100 
Coupling, Critical  

41-1465 Coupling, lnduetive  
Coupling, Interstage 99-100 
Coupling, Link  44, 100, 201-202 
Coupling tu Transmission Lutes Lin  200-203 
t'oupling Transformer 200-203 
Crackle Finish  237 
Critical Angle  191 
Critical Coupling  46 
Critical Frequency  189 
Critical Inductance  178 
Crystals, I iezoelectne 58-59 
Crystal-Controlled Transmitter Construetion (see 

"Transmitters" and " Very-High Frequeneies") 
Crystal Filter',  162,168 

306-307 
co 

PAGE 
Crystal Grinding 308-309 
Crystal Headphones  150 
Crystal Microphones  126 
Crystal Mountings  96 
Crystal Oscillators 81,97-99 
Current, Alternating 30-37 
Current, Direct  25 
Current Feed for Antennas  
Current Flow 18, 16-21 
Current in A.C. Circuits  30 
Current-Intensity Modulation  91 
Current Lag and Lead 30-37 
Current Measurement 2'I-30 '16,401-403 
Curve Tracing Oscilloscope  405 
Curves, Tube-Characteristic   60-65 
Cutting Sheet Metal  235 
Cutting Threads   237 
Cut-Off Frequency  46 
Cut-Off Limiter 80-89 

238 Cut-off, Plate-Current  63 
151 Cycle  3() 
ISO Cylie Variations   190 
238 Cylindrical Antennas  381 
91 Cylindrical Grid  91 

217 
412 D.C.  25 
80 D.C. Instruments 29,402-104 
50 DT-Cut Crystals  as 
218 D'Arsonval Movement  29 

Damping  42 
Dead Spots 147-148 
Decibel  71 
Decoupling  128 
Decoupling Circuit 77-78 
Deerentent  42 
Deflection Plates  84 
Degeneration  

1,86l1.11 
Degenerative Oscillator  
Delayed A.V.C.  
Delivering Messages m   :41111.4; 
Delta Matching Transforer 
Demodulation  142 
Depolarizer  19 
Detection 142,143-149 
Deviation Ratio  134 
Diagrams, Schematic Symbols for Frontispiece 
Diamond Antenn 215-216 
Dielectric  13 
Dielectric Constant  16 
Dielectric Constants (Table)  415 
  237 

Dp iieffserenee of Potential  15 
Differentiating Circuit 88-89 
Diffraction 188,190 
Diode Detectors 143-144 
Diodes  60 
Dipole, Folded 222,376-377 
Direct Coupling  44 
Direct Current  

1321475 Direct Feed for Antennas  
Direct-Ray Transmission 188,192 
Direction of Current Flow  18 
Directional Antennas (see " Antenna Systems") 
Directive Antennas 215-223, 230-233,377-382 
Directivity, Antenna  1.4 
Director, Antenna 220-221. 377-378 
Directors, ARRL  11 
Disassociation  18 
Discriminator 173-174 
Dissipation, Plate  43;3 

32- 3 Dissipation, Power  
Distortion Harmonic 61-65 
Distributed Capacity and Inductance  36 
Dividers, Voltage 28, 183 
Divisions, ARRL  11 
Door-Knob Tube  90 
Double-Lead Tubes  
Doubler, Frequency  
Double Resonance  
Double Superheterodyne  156 
Downward Modulation  133 
Drift, Frequency 38. 79-80 
Drift Space  92 
Drill Sizes (Table)  236 
Drilling Holes  235-236 
Driven Elements 216-220, 377-381 
Driver 09 121 
Driver Coupling  124 
Driver Power 60,105,121,124 
Drop, Voltage 28,42,175 
Dry Batteries 186,383 
Dry Cell  19 
Dummy Antennas  109 
Duplex.-Diode Triodes and Pentodes  79 
Duplex Power Supplies  184 
Dynamic Characteristics  62 
Dynamic Instability  80 
Dynamic Inversion  192 

00 
94 
110 
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Dynamic Loialspeakeri  150-151 
Dynamic Microphones 126-127 
Dynamotors  383 
Dynamotors (Table)  386 
Dynatron Oscillator 81-82 

E  15 
E-Layer  189 
ET-Cut Crystals  58 
Eddy Current 39,46 
Effective Current Value  31 
Efficiency, Amplifier  104 
Efficiency, Frequency-Conversion  156 
Efficiency, Transformer  38 
Electric Charges 14-16 
Electric Circuit  13-14 
Electrical Length  210 
Electricity  13 
Electricity, Static 14-16. 
Electrodes  17 
Electrolyte  18 
Electrolytic Condensers  177 
Electrolytic Conduction 17-18 
Electromagnetic Deflection 83-84 
Electromagnetic Radiation 48-49 
Electromagnetism 21-25 
Electroniotive Force (E.M.F.)  15 
Electron Orbits  93 
Electrons  13 
Electron-Coupled Oscillator 80-81 
Electron Flow 13,60 
Electron Gun 83-84 
Electronic Conduction  00 
Electronic Keying Circuits  87 
Electronic Keys  141 
Electronic Switching  87 
Electron Transit 'rime  90 
Electron Transit-Time Oscillator  92 
Electronic Voltage Regulation 180-181 
Electrostatic Coupling  44 
Electrostatic Deflection  84 
Electrostatic Field  14 
Electrostatic Induct ion   14-15 
Electrostatic Shield 109-110 
Enœrgency Apparatus  383-392 
Emergency Power Supply 186-187 
Emission, Electron  18 
Emission, Secondary 75-76 
End Effect  194 
Emil-Fire Arrays 218-220 
Eneru 15  25-26 
Energy Relationships  38 
Energy Transfer 43-44 
Envelope, Modulation  130 
Equi-Potential Cathode  75 
Excitation 79.107-108 
Exciter  94 
Exciter Units (see "Transmitters ) 
Extended Double-Zepp Antenna 219-220 
Extinction Voltage  86 

P-Layers 189-190 
FT-Cut Crystals  58 
Fading  191 
Farad  15 
Faraday Shield 109-110 
Federal Communications Commission, Regulations.. 12 
Feed, Series and Parallel  81 
Feed-Back 68-69,80 
Feeders and Feed Systems (see "Antenna Systems") 
Feeding Crystal-Oscillator Stages 289-291 
Fidelit's   125,143, 160 
Field Coil  150 
Field-Intensity Mete  308-399,406-410 
Field, Electrostatic 14-15 
Field, Magnetic 21-24 
Field-Strength Meters  398-399,409-410 
Filament 18,75-77 
Filament Supply  175 
Fills and Repea:t.  •   464 
Filter, Crystal 162,168 
Filters 46-47, 162, 177-179 
Filters, R.F.  139 
Final Amplifier  94 
Firing,Voltage  86 
First Detector  155 
Flat Plane Reflector  382 
Flat Response  125 
Flow, Current  13 16-21 
Fluorescent Screen  84 
Flux Density, Magnetic 22-23 
Fly-Back  85 
Flywheel Effect 41-42 
Focusing Electrode  83 
Folded Dipole 222,376-377 
Force, Electromotive  15 
Force, Lines of 14, 21 
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Formulas: 
A. C. Average, Effective and Peak Values  31 
Amplification Factor 61,64 
Antenna Length 194, 210, 219 
Bias-Supply Bleeder   181 
Bridge Balance  48 
Capacitive Reactance   34 
Capacity of Condenser  411 
Cathode Bi ts   73 
Characteristic Impedance 50, 51, 208 
Coëfficient of Coupling  44 
Combined A.C. and D.0  59 
Complex Wave  59 
Conductance  26.28 
Coupling-Transformer Turns Ratio  124 
Critical Inductance  178 
Crystal Frequency-Thickness Ratio  58 
  71 

e43,,:,.5511124 118:29:43:22:11111147070I34084155)) 

Dn eerritiiit'eNliatclung-Transformer Design   
Electromotive Force, Induced  
Filter Design 
Frequency, Resonant  
Grid Impedance  
Gnu-Leak Bias  
Impeilauce  
Impedance NIatching  
Impedance Ratios  39 
Inductance Calculation  411 
Inductive Reactance  34 
LR Tone Constant  
Modulai ion Impedance  
Modulation Percentage  
Modulator Transformers, Turns Ratio  
Mutual Conductance  62 

26-27 
Ohm's Law (A  r.)  
Ohio's Taw ID.C.1  
Output Voltage  
Parallel Inuanlance  42 

70 Plate Efficiency  
62 Plate Resistance  

l'aiT -an k Design  57 
Power  25 
Power Factor  
Power Output  109 
Power-Supply Output Voltage  179 
Power-Supply Transformer Voltage  179 
Q  41-43 
"Q" Antenna   208 
RC Time Constant  29 
Reaetance  
Resistance, e  

i,, il e  Equivalent Seri 34 35, 36 (   43 
R e>,  41 
Rhombic Antenna  216 
Ripl   178 
Series, 1' a mild and Series-Partillel Capari ties. 28-2'1.35 
Series, Parallel and Series-Parallel Inductances. .28. :15 
Series, Parallel and Series-Parallel Resistances 27-28,35 

401-403 Shunts, Meter  
Stan, ling-Wave Ratio  51 
Surge Impedance 50,208 
Te,nteii 7 oait,i›,itiTintCoëllicient of Resistanee  27 
Ti    29 
Transformer Volt-Ampere Rating  180 
Tranmili,sion-Line Constants  199 
'Transmission-Line Length   198 
Transmission-Line Spacing  
Turns Ratio  
V.H.F. Tn rasm R i>sion ange  
Voltage Divider. 11n2,5.. 201038:377; 

Voltage, Induced  25 
Voltage Regulation  175 
Voltage-Regulator Limiting Resistor  180 
‘Wvoarykolength  48 
Wavelength-Frequency Con'.Con ersion  48 
  25 

Franklin Oscillator  81 
Free-Space Pattern. Antenna  195 
Frequencies, Nomenclature  33 

30,48 Frequency  
Frequency Allocations, Amateur  12 
Frequency Compensation  78 
Frequency Converters l'i  116-158 
Frequency Deviation  134 
Frequency Distortion  65 
Frequency Divider  83 
Frequency Doublers  112 
Frequency Drift 58-59.79-80 
Frequency, Inductance and Capacity Char . t 413-114 
Frequency Measurement: 

Absorption Frequency Meters  396-398 
Calibrated Receiver.. .  397 
Calibrated Receiver with Auxiliary Oscillator  383 
Comparison Methols  400 
Frequency Standards 393-396 
Heterodyne Frequency Mete   394 396 
Lecher Wires 399-400 
V.H.F. Waveineter   
WWV Schedules  3  8194 



PAGE 
Freqiiency Mete 394-101 
Frequency Modulation: 

Constructional: 
Control Unit,  326 
Modulator-Oscillator Unit 327-328 

Deviation Ratio  134 
Discriminator 173-174 
Limiter 172-173 
Methods  117,135-130 
Principles  117,134-136,172-174 
Reactance Modulator 135-136 
Reception 172-174 

Frequency Multipliers  94,112 
Frequency Response 65,125 
Frequency Response, Restriction of 302-325 
Frequency Stability 79-80,138 
Frequency Standards 393-396 
FrequencY-Thiekness Ratio of Crystals  58 
Friameney-Wayelength Conversion  48 
Fronts  191-192 
Full-Wave Rectifiers   176 
Fundamental Frequency  48 

GT-Cut Crystals   58 
Gain Control 198 Iii 
Galvanometers 30 
Ganged Tuning 153-154 
Gaseous Conti, t c tion  17 
Gaseous Regulator Tubes  180 
Gauss  23 
Gencinotors  187 
General-Coverage Tuning 153-154 
Generator, A.F. Signal  

41)818 Generator, A.M. Sim's.'   
Generator, F.M. Signal  168 
Generator, Sweep   166 
Generators, Gas-Driven (Table)  388 
Godley, Paul  10 
Governnlent License 12 
Grid  60 
Grid Bias 02,76,79,105 
Grid-Bias Modulation  119,121-122 
Grid-Cathode Capacity  63 
Grid Control  60-61 
Grid-Control Rectifiers 79, 13!) 
Grid Current  61 
Grid Driving Power  64 
Grid Emission    110 
Grid Excitation 63-64 
Grid Impedance 105-106 
Grid Keying  139 
Grid-Leak Calculation  74 
Grid- Leak Detectors 114-115 
Grid Losses  79 
Grid Neutralization  101,102 
Grid-Plate Capacity  63 
Grid-Plate Oseillatiir  98 
Grid-Plate Transconduetante  62 
Grit', Screen  75 
Grid, Suppressor  70 
Grid Swing  71 
Grid Voltage  105 
Ground  59 
Ground Connection  213 
Ground Effect  195- 11i1:7 
Ground, m In,, 6 
Ground Potential  59 
Ground Waves  188,192-193 
Grounded Antennas  
Grouned-Gd M d rioifier  
Grounded-Plat e Amplifier  271‘,3 92 
Grounds   59 
Gun, Electron 83-81 
Guys, Antenna  228 

Hairpin Coupling Loop  113 
Half Wave  •18 
Half-Wave Antenna  194-193 
Half-Wave Rectifiers   176 
Halyards, Anti-runi  228-229 
Hand Capacity  101 
lIarmonic  49 
Harmonic Antenna  49 
Harmonic Distortion 64-65 
Harmonic Frequeneies   49 
Harmonic Generation 98.-99, I 12 
Harmonic Operation of Antennas 49  210-215 
Harmonic Reduction  0 
Iliemonic Resonance  2493 
Harmonic Suppression 109,203 
Hartley Circuit  80 
Hash  
Headphone Impedance  
Headphones 
Headquarters, A11141.  
Headset Amplifier  
Headsets  
Beater  

Microammeter  
Millianuneter  30 
Monitors 305-306 
Multimeters  401 
Multirange V-O-M 402-403 
Ohmmeters 402-403 
Oscilloscopes 405-408 
R.F. 393-101 
Signal Generators  408 
Sweep Generator  .106 
Te,-,I Oscillators  408 
Voltmeters  30 
Wattmeter  30 

Insulators 11-14 
185 Integrating Circuit 89-90 
149 Interelectrode Capacities   63 
130 Intermediate Frequency 153,159-103 
11 Intermediate-Frequency Amplifiers 142,159-163 

149 Intermediate-Frequency Noise Silencer  167 
150 Intermediate-Frequency Transformers 160-161 
73 Internal Resistance  19 

2'7 Heating Effect  
Henry   2.5 
Hertz Antenna  19-1-195 
Heterodyne Frequency Meters 394-396 
Heterodyne Reception  142 
High-C Circuit  43 
High Frequencies  33 
high-Frequency Compensation  78 
High-Frequency Oscillator ( Receiver) 153,158-159 
High-Frequency Relaxation Oscillator  82 
High-Pass Filters 46-47 
High-Q Circuits  113 
High-Vacuum Rectifiers   175 
Hiram Percy Maxim Memorial Station  II 
Hiss Noise 152,165-166 
History of Amateur Radio  9-12 
Holes, Drilling and Cutting 235-236 
Hollow Wave Guides 54-55 
High-Speed Sweep Circuits 86-87 
Hook-Up Wire  2:37 
Hum 129,133,147 
Hydrometer  20 

/ 16-17 
Image, A.F.   161 
Image, R.F  155 
Image Ratio 155,165 
Image Suppression  165 
Impedance 34-35,39,42 
Impedance, Antenna 50,194-196,210 
Impedance-Coupled Amplifiers  66-67 
Impedance, Grid  105-106 
Impedance Matching 39,51 
Impedance Ratio, Transformer  39 
Impe,lancc, Resonant,  42 
Impedance, Surge  50 
Impedance, Tank 95,101-105.106 
Impelance Transformer 51-52 
Impulse Noise  166 
Incomplete Neutralization  104 
Indicators, Tuning pn-1135 
Induced Voltage  '23 
Inductance 24-25 
Inductance, Capacity and Frequency Charts 113-414 
Inductance Design Charts fur %%HI% Coils  414 
Inductance, Distributed  36 
Inductance, Mutual  25 
Inductances in Series and Parallel  28 
Inductance Winding Chart  •   107 
Induction 14-15 
Induction, Magnetic  22 
Induction, Self-  24 
Inductive Capacity  16 
Inductive Coupling  44 
Inductive Neutralization  102 
Inductive-Output Tube 90-91 
Inductive Reactance  34 
Inductively-Coupled Circuits 44-45 
Infinite Impedance Detector 145-146 
Input Capacity, Tube  68 
Input Choke 177.178-179 
Input Loading  152 
Input Resistance, Tube 08.152 
Instability 79-SO, 172 
Instantaneous Current Valoe  31 
Instantaneous Plate Current  175 
Instruments: 

A.0  36 
Anmrmiet ers   30,36 
Audio-Frequency Signal Generator  408 
D.C. 30,101-402 
Field-Intensity Meters 398-399.409-410 
Frequency Meters 391-401 
Frequency Standards 393-396 
Galvanometer  30 
Lecher-Wire Systems 399-401 
Metering 305-306 

30 
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International Amateur Radio Union  10 
Interruption Frequency 148-149 
Interstice Coupling 99-100 
Interstage Transformers, IF  100-161 
Inverse Peak Voltage  175 
Inversion, Cloud-Layer  192 
Inversion, Dynamic  192 
Inversion, Nocturnal  192 
Inversion, Phase  129 
Inversion, Subsidence  192 
Inveision, Temperature  192 
Inverted Amplifier 78, 104 
Ionization 17, 18, 189 
Ionosphere 189-191 
Ionospheric Waves 188, 189-191 
Ions  17 
Iron-Core Transformers  39 
Iron-Vane Meters  36 

"J" Antenna 376, 390-391 
Joule  

Key Chirps  140 
Key Clicks  137, 140 
Key, Electronic  Ill 
Key, How to Use 461-462 
Keying: 

Back Wave  137 
Break-In  138 
Electronic Keys   141 
Key-Click Reduction 139-140 
Methods: 

Blocked Grid  139 
Cathode or Center-Tap   139 
Grid-Controlled Rem i rier  139 
Plate  138 
Power Supply  138 
Primary  139 
Screen Grid  138 
Suppressor Grid  139 
Tube Keyer 140, 303 
Waveform  137 

Monitoring  141 
Oscillator Keying  140 
Parasitic Clicks  140 

Keying Circuits, Electronic  87 
Kilocycle  30 
Kilolim  26 
Kilovolt  26 
Kilowatt  26 
Kilowatt-Hour  26 
Kinescopes (Table) 412-413 
Klystron Amplifier 91-92 
Klystron Oscillator 91-92 

LC Con.stants 
L/C Ratios 4'3, 80, 106 
LR Time Constant  29 
L-Section Filters.   47 
Lag Circuits  140 
Lag, Current 31-32 
Lag, Keying  137 
Laminations  39 
Land-Line Check  464-405 
Lapse Rate  192 
Laws Concerning Amateur Operations  12 
Layer Height  19 
Lazy-H Antenna  218 
Lead, Current 31-32 
Lead Storage Battery 19-20 
Leakage Inductance  38 
Leakage Reactance 38-39 
Learnina the Radiotelegraph Code  460 
Lecher Wires  403-404 
Lenz's Law 23-24 
License Manual, The Radio Aranieur's  12 
Licenses, Amateur  12 
Lightning Protection 229-230 
Limiter  88 
Limiter, F.M.  172-173 
Limiting, Audio  106 
Limiting ( Noise) Circuits 165-167 
Limiting Resistor  180 
Line-of-Sight Transmission  193 
Line-Voltage Adjustment 186, 304 
Linear Amplifiers  72 
Linear Antenna Transformers 51, 208-219 
Linear Circuits .  48-53, 113-114 
Linear Sweep 85, 407 
Linear Transformers 208-210 
Linearity 118, 119, 123, 132, 135, 143 
Lines of Force 14, 21 
Lines, Resonant 51, 52-53 
Lines, Two-Conductor.  52-53 
Link Coupling  44, 100, 201-202 
Load IS. 39, 43, 175 
Load Impedance 101-105 

Locking- In  
Log Books  
Long-Wire Antennas 210-212, 215-216 
Loops  49 
Loose Coupling  46 
Losses, Transmission Line 199-200 
Loudspeakers 150-151 
Low-C Circuit  43 
Low Frequencies  33 
Low-Frequency Compensation  78 
Low-Frequency Parasitics  110 
Low-Level Modulators  125 
Low-Pass Filters 46-47 
Low-Power Transmitters (see" Transmitters ') 
Lumped-Constant Circuits 57, 113 

MT-Cut Crystals  58 
25 Magic-Eye ( Electron-Ray) Tubes 164 165 

Magnets, Permanent and Temporary  22 
Magnetic Attraction and Repulsion 21-22 
Magnetic Circuit 22-23 
Magnetic Feed-Back  80 
Magnetic Field  21 
Magnetic Headphones  150 
Magnetic Induction  22 
Magnetic Storms  190 

Magnetism Magnetizing Current 21-25 38 
Magnetomotive Force  22 
Magnetron Oscillators 02- 
Manual, The Radio antoleur'e Liernite  9123 

Masts  226-213 
Marconi (Grounded) Antennas  

Matching Impedances  229 39, 51 

Materials Maximum Current Value 234-23351 

Maximum Usable Frequency  189 
Measurements: 

Antenna  409 
Current 29-30, 36-37, 401-402 

Modulation 130-133, 3E163,-440081 
Frequency  

 29-30, 402 
Resistance  
Power  

Voltage 29-30, 0 401, 402-403 
%VW V Schedules  34943 

Measuring Instruments 29-30, 30-37, 393-410 
Megacycle  30 
Megohm  26 
Memorizing the Code  460 
Mercury-Vapor Rectifiers  79 
Message Handling  79 

237 24 Metal, Cleaning and Finishing 
Meters (see " Instruments-) 
Mho  
Microarnmeters  
Microampere  
Microfarad and Micrommndarad 
Mircohenry  
Mucre-mho  
Microphones  
Microvolt  
Microwatt   
Milliammeters  
Milliampere  
Millihenry  
Millivolt  
Milliwatt  
Mixers  
Mixers, Sigual-Generator 

26 
30 
26 
15 
25 
82 

117, 125-127 
20 
26 
30 
26 
25 
26 
20 
155 
408 

Mobile Antennas '379-381, 390-392 
Mobile, Receiving Equipment for 2, 6 and 10 Me-

341-346 
55 
55 

ters 
Mode  
Modes of Propagation  
Modulation: 

Adjustments and Testing 130-134 
Amplitude Modulation 117-119 
Capability  118 
Cathode Modulation 122-123 
Characteristic  118 
Envelope  130-131 
Frequency Modulation   117, 134-136 
Grid-Bias Modulation 121-122 
Impedance 119. 123 
Linearity  118, 119, 123, 132, 135, 143 
Measurements 130-133, 136, 407 
Methods 117-123, 135-136 

 131-132 
 118, 130-131 

119-121 
Power 118, 130-131 
Suppressor AL), lulat ion  122 
Test Equipment   405 

Monitoring 
Percentage 
Plate Modulation 

PAGE 
Local Oscillator (Receiver) 155, 158-159 
Load Resistance  175 
Locking 82, 83 

148 
465 



PACE 
Waveforn  131 

Modulator Data 312-328 
Modulators 124-125, 312-328.373-374, 390 
Molecular Friction  14 
Molecules  13 
Monitors  131, 111. 401 
Motorboating  172 
Mounting Crystals  96 
Moving-Coil Meters  36 
Moving Iron-Vane Meters  29- 30, 36 Period  30 
Mu  61 Permanent Magnet  22 
Multiband Antennas 212-215 Permeability  23 
Mult ielement Tubes  71-77 Persistenee, Screen  84 
Multihop Transmission  19I Phase 31, 32 
Multimeters.   401 Phase Angle  31 
Multipurpose Tribes  76-77 Phase Difference  31 
Multipliers, Frequency 94, 112 Phase Inversion  129 
Multipliers, Voltmeter 30, 401 Phase Modulation  117 
Multisegment-Anode Magnetron  93 Phase Relations. Amplifiers 67-68 
Multistage Bias :Supplies   182 Phase Reversal  68 
Multivibrator  83 Phase-Shift Net work  82 
Mush  172 Phase-Shift Oscillator  82 
Mutual Conduct mice  62 Phased Antennas  216-220. 378-379 
Mutual Induetarice  25 Phasing Control  162 

'Phone (see " Radiotelepl  
NT-Cut Cryat'ils Phonetic Alphabet  463 
Naval Reserve  
Negative Charges 
Negative Feed-Bnek  
Negative Resistance  
Negative-Resistanee Magnetron Oscillator  
Negative-Resistance Oseillati,N 
Negative Transcoraluctunce  
Net Operation  
Neutralization  
Neutralizing Corisl.'ie'ero 
Noeturnal Inversion  
Nock  - 
Noise  129. 133, 152, 165 - 167 
Noise Ratio  113. 152, 165 
Noise Reduction 143 152, 1115 
Nonresonant Line, 
Nonsvnehronous Vibratos>  
Nucleus  
Nutnbering Messages  

58 
10 Pick-Up Coil  200 

13, 14 Pi-Section Antenna Coupler  203-201 
69 Pi-Section Filter 47, 200-201 
72 Pierce Oscillator  98 
92 Piezoelectricity  58 

81-89 Piezoelectric Cryst al,   58.96 
82 Piezoelectric Microphone  126 
465 Plane Reflector Ant 1,1111 •  382 

101-104 Plane Sheet Reflecto  '182 
101-103 Plate 18, 60 

192 Plate4 •atliode f 'twitchy  63 
49 Plate Current  60 

Plate-Current Shift  132-133 
Plate I Mt retors  145 
Plate Dissipation  63 

51, 199, 205-2 I 0 Plate Efficiency 70, 79 
185 Plate Keying  138 
13 Plate Load Resistance 61 112 

464 Plate :Modulation   ll9-121 
Plate Neutralization  101-102 

26 Plate Resist anee 61-62 
26 Plate Supply 175, 18:3.184 

'1-37 Plate Transformer 179 • I80 
Plate 'Pulling, Power-Amplifier  108-109 
Plate Voltage  60 
Plate-Voltage Calculation  77 
Plates, Deflection 83-84 
Polarity  11.16 
Polarization 16, 18, 188, 194, 196, 382 
Pule 11.22 
Portable Equipment 383-392 

High-Frequency  389 
RA,. Antenn ,  390-392 
Low-Freq trolley  392 

110 I.F. Antennas   392 

Peaking 
Pentagrid Converters 156-157 
Pentode Amplifiers  77-78, 100 
Pentode Crystal Oscillators   97 
Pentode Relaxation Oscillator  82 
Pentodes  76 
Per Cent Conductivity  26 
Percentage of Modulation  118, 130-131 
Per Cent Ripple  177 

PAGE 
88-89 

Ohm  
Ohm's law  
Ohm's Law for A.0  
Ohmmeters  402-403 
Open Circuit  11 
Open-Wire Line 19g, 203, 205 
Operating Angle, Amplifier  104, 112 
Operating Point  62 
Operating Procedure, General 460-468 
Operator's License, Amateur  12 
Orbital-Beam Tube  90 
Originating Messages  4114 
Oscillating Deteetor  116-149 
Oscillation 12. 71. 79 0 12 -83, 11. 1, 171 
Oscillator Keying 
Oscillators.... 79-83. 90 -93, 95 -09. 113 116, 158-159, 163 
Oscillators, lest   408 
Oscilloscope A ;until lent 406-407 
Oscilloscopes  85-87, 130-134, 405-408 
Output Capacity. Tube  63 
Output Limiting  129 
Output Power 69, 79, 109 
Output Transf or tiler  70 
Output Volt age 69. 121. 178, 179 
Oxide-C'oated Cathode  73 
Overex eit a t ion  125 
Overmodulation  118 
°vet-modulation Indicators 131-133, 405 

Padding Condenser  
Parabolic Reflector  
Parallel Anulliliers 
Parallel Antenna ll tt g  
Parallel Catracut ies  
Parallel Circuits  28-29, 35, 42 
Parallel-Cotabiet or Line  
Parallel Feed 
Parallel Impedance 
Parallel huh t mice  28 
Parallel-Line Oscillators  114-116 
Parallel Resist anct  • 27-28 
Parallel Resonatice  42 
Parallel Tuning  201 
Parasitic Elements  220-223. 377-381 
Parasitic Oscillations  I 10-112 
Pass-Band  47 
Patterns, Oscilloscope 130-132,405 
Patterns, Radiation  197,211 
Peak-Current Valtie  31 
Peak Plate Current  175 
Peak Voltage Rating  106 

Simple Modulator  390 
Positive Charges  14 
Positive Feed- Back  68 
Positive-Grid•Oseillat ors  92 
Pot Oscillator  113 
Pot Tank Cierne  57 
Potential Difference  15 
Potent iometer  28 
Power  25 
Power Aim difi ration 60-70 
Power Amplifiers, Reeeiver  149-150 
Power Factor  36 
Power Gain, Antenna 194, 210, 215, 217. 218. 229, :175 
Power Measurement 30, -101- 102 

25 Power Output 69, 70, 109 
154 Power Sensitivity  70 
382 Power-Supply Keying 138-139 
70 Power Supplies: 

201 A.C.-D.(   183-184 
29 A.C.-D.('. Converters  187,386 

Bias Supplies  265 268-270 
51 Conibination A.C.-fits >rage Ba t t Supplies .  :383-387 
81 Constructional: 

'35  42 1(10-Volt Bias Supply 268-270 
250-300-Volt 100-Ma. Plate Supply  276 
300- Volt 7d-. 1a.  265 
300-Volt 100-Ma. Vibrator-Storage Battery 
Supply  381 

400-Volt 250-Ma. Plate Supply  279 
780-620-Volt 260-Ma. Plate Supply  265 
l000 100-Volt 125-150-Ma. Dual Supply  269 
1503 1250-Volt 425-Ma. Plate Supply  293 
2480-2025-Volt 450-Ma, Plate Supply 279-280 

Design Data  175 
Dry Bat teri    186,383 
Dynamotors  187 
Dynamotors (Table)  380 



SAGE 
Emergency Power Supply 186-187 
Filament Supply  17$ 
Genemotors  187 
Generators, Gas-Driven (Table)  388 
Noise Elimination 388-389 
Plate Supply 175, 183, 184 
Portable 186-187 
Principles  175 
Storage Batteries 19-20.180-187.387 
Vibrapack  187 
Vibrators 185. 186, 187. 383-387 
• Vibrator Supplies (Table)  386 

Practice, Workshop 234-238 
Preselection  165 
Preseleetors (see " Receivers") 
Primary 37,45 
Primary Cells  if? 

Primary Coil  37 
Primary Keying  138-139 
Procedure, Operit Mg 462-465 
Propagation, Wavé 188-193 
Protective Bias   181 
Pulleys, Antenn  t  228-229 
Pulling  156 
Pulsating Current  59 
Pulse Transmission  88 
Pure D.0  25 
Push-Back Wire  237 
Push-Pull Amplifiers 70-71 
Push-Pull Neutralization  102 
Pitsh-Push Doubler  112 
Push- Pull Parallel-Line Oseillitto   115 

"Q"-Sect ion Transformer  
QST  
Quarter Wave  
Quartz CI ystals (-tee '' Crysials ' • 
Quench Frequency 148-149 

R  ••6 
R.31.. ( tirreitt, Value  31 
Radiation  49 
Radiation Angle  193, 196 
Radiation Cietracteristi,s.   het 
Radiation Fielt1   1116 
Radiation Patterns  195, 197, 211 
Radiation Resistant.,   19, 19$, 210 
Radiator (see '' Antennas -j 
Radio Amateur's License Man sal, The  12 
Radio Conuminivation 9-12 
Radio Frequency  33 
Radio-Frequency Amplification  100-104 
Radio-Frequeney Amplifiers (Receivers) ..... 112, 151-153 
Radio-Frequenev Choke Coil  '9 
Radio-Friumency Power-Amplifier Cirenit.  100-104 
Radio-Frequency Power Amplifiers (see "Transmit-.... 

Radio-Frequency Power Generation 94-116 
Radio-FrcsmoicY Resistance  41 
Radio Reception  142 
Radiotelegraph Operating Proeedure -163-464 
Radiotelephony: 

Adjustments and Testing 130-134 
Class- I3 ModuldiON  124-125 
Class-B Modulators (Table) 318-319 
Constructional: 

6-Watt P.P. 2A3 Speech Amplifier and Driver 
with N'olume Compression 322-323 

10-Watt Class-B (iA6 Modulator 313-341 
20-Watt 6L6 Speech Arm ilifieriMui Ha tor .  314-315 
40-Watt 61,6 Speech A in plitier/Modulator  315-317 
F.M. Modula(or-Oscillator 325-328, 347-348 
ifigh-Power Moduletort 1)20 -321. 

Measurements  136, 395 
Microphones 125-127 
. Modulation 117-125, 134-136 
Monitors  -101 
Operating Procedure 462-464 
Prineiples  117-136 
Reception  168 
Resistance-Coupled Speech-Amplifier Data . 311-312 
Speech Amplifier  • . 127-12!) 

Radio Transiiiission  188 
Radio Waves  9-10, 188 
Range, V.H.F.  193 
Range v,. Height  193 
Ratio Arms   48 
Ratio, Impedance  39 
Ratio, Turns  37 
Ray. Direct and Reflected  188 
Reactance 33-34, 51 
Reactance, Capacitive  34 
Reactance, Inductive   34 
Reactance, Leakage  38 
Readability Seale.   466 
Receivers: 

9 (,)" Antemei  207-21)8 
 32, 42-43, 46,95, 11:t 

207-208, 3711 
11 
49 

PAGE 
Antennas for  223 
Constructional: 

2-Tube Superheterodyne (6K8-6SN7) 239-241 
3-Tube Wide-Range Superheterodyne 241-244 
8-Tube Regenerative S.S. Superheterodyne 245-250 
Antenna Coupling Unit for Receiving   254 
Audio Noise Taunter 252 254 
Band-Pass Converter for 14, 28 and 50 Me. (see 

also ' Very-high Frequenenes-Receivers)" 250-25;3 
Measurements  )3 
Principles and Design  303 
Test Equipment  93 

Receiving-Tube Classification Chart 417-418 
I3eetification  60 
Rectifier Circuits  176 
Rectifiers  60, 79, 175-176 
Rectifiers (Table)  411-445 
Reflected Impei lame  39 
Reflected Load  39 
Reflected Waves   48-19 
Reflection of Radii, n ayes  1-s. 189, 195 
Reflector 2211. :377-381 
Reflector Elect r• ii h.  91 
Refraction of Radio Waves  188, 189 

Oh, 1112, 163 Regeneration  
Regeneratitm nett ri .1   1-16 
Regenerative Deter titra  146 
Regenerative I.F   162 
Regenerative Receivers'   142 
Regulation, Voltaire   112 
Regulations, Amateur  12 
Regulator Tubes   180 
Regulator, ‘MItage  180 
Relative Polariiv  15 
Relaxation Oscillator 82-83 
Relay, Keying  138 
Reluctance  23 
Repulsion  
Ito cdsioit-Type A.C. Meter -  14, 21 36 
Resistance  13, 26-28, :33 

:3411 

Resist:true-Capacity Filter  
Resi-tance-Capaeity Oscillator•i82 
Resistance-Cap:nit v Time Consi am  
Resistance-Coupled Amplifier Data iCoartr  18 
Resistanee-Coupleil Amplifiers 
Resistante-(7oupled Audio Amplifiers  65-16 1218 
Resistanee Coupling 44, 128 
Resistance Measurement 402-103 
Resistanee, Negative  79 
Rosistam•e, Railinition  49 
Resistance, It.F   41 
Resistance, Tube Input  152 
Resistances in Series and Parallel 27-28 
Resistor  27 
Resistor Color Code  412 
Resonanee '1' 1 

31 Resonance Curve 142 
Resonance,n Harmonie ,1  49 
Resonance of Transmission Lines, Computing  457 
Resonance, Sharpness of  41. 
Resonant Circuits  40-43, 45-46 
Resonant Impedanee  42 
Ri•sonant-Line(Mialits 52-53 
Resonant Transmission Lines  203-205 
Rt.sonator Circuit-, 
Response Frequent:y   flit. 120 55-5  

Restrieted-Space Antennas 213-214 
Restriction of Fril m eiicy Response   322-325 

81, Retarding Field  91 
Retarding- Field °will:  ). '12 

2 

Return Trace  85 
Reversal, Phase   68 
R.F. Instruments  393-401 
Rhombic Antenna  215..216 
Ribbon Mieropinaiii  
Ripple Voltage  
Rochelle-Salta Crystals 177, 117286 58 
Root-:\Ieitii-Niutii-e Value  31 
Rotary An telIlla   2111 223. 230 -233, 377-381 

S-MelerS  16 
S Scale 4-15 

)1:) 

tv 

Sat u M rain, Magnetie  
Saturation Point   
Satooth Street  4 
Sa wtooth Wave  85,48286:13i . 

e:l 
e Schematic Symbol  Fruntispi Screen Grid  75 

120 Screen-Grid Ampli fiers 
Screen-Grid Keying  138 
Screen-Grid Tubes   75 
Screens, Fluorescent  84 
Screen-Voltage Calculation  77 
Seasonal Effects  190 

15' 163, 166 Second Detector 
Secondary  ; 38 
Secondary Celle :11« -.20 
Secondary Coil  37 



Secondary Emission  
Section Comniunieallons Managers  
Selectivity 41, 143, 161 

162-103 Selectivity Control  
Self Bias  73 
Self-Controlled Oscillators 95-96 
Self- Induction  24 
Self-Oscillation  79 
Self-Quenching  148 
Sending Code 462-463 
Sensitivity, Microphone  125 
Sensitivity, Receiver 142, 143 
Separation, Pulse  89 
Separators, Batt ery  20 
Series Antenna Tuning  201 
Series Capacities   29 

28-'29, 40 Series Circuits  
Series Feed  81 
Series Inductances  28 
Series Resistances  28 
Series Resonance  40 
Service Message  464 
Sharpness of Resonance  41 
Sheet-Metal Working  235 
Shield Grid  75 
Sharp Cut-Off Tubes  76 

46, 109-110, 151 Shielding  
Shields, Baffle  46 

109-110 Shields, Electrostatic  
Short-Wave Receivers (see " Receivers") 
Short Noise  
Shunts, Meter 30, 401-403 
Sidcbands 118-119, 133, 135, 160 
Signal  62 
Signal Generators  408 
Signal-ilandling Capability  143 
Signal-to-Image Ratio 143, 152, 105 
Signal-Strength Indicators 164-165 
Signal-Strength Scale  466 
Silencers, Noise 165-167 
Sine Curve  

1133;0°1 
Sine Wove  
Single-Signal Effect  
Single-Signal Reception  161 
Single- Wire Feed 198, 205-206 

vill 
Six Meters (sec " Very High frequencies") 
Skin Effect  
Skip Distance  
Skip Zone  191 
Sky Wave 188, 190 
Smoothing Choke  179 
Socket Connections (Diagrams) 419-425 
Solar Cycle  190 
Soldering  238 
Space Charge  60 
Space Wave  188 

1;3143 
Spectrum, A.C.  
Spectruin, Triangular  
Speech Amplifiers 127-129, 136 
Speech Waves  119 
Sporadic-E Layer Ionization - 190 
Spreaders, Antenna  198 
Spurious Responses 155, 168-169 
Spurious Sidebands 119, 133 
Square Wave  88 
Squegging 159, 172 
Squegging Oscillator 82-83 
Stability, Frequency 79-80, 138 
Stability, Receiver 143, 172 
Stabilization, Voltage 180-181, 182 
Stage Gain  127 
Standards, Frequency 413-414 
Standing Wave;  
Standing-Wave Ratio 50-51 M 
Starting Voltage  180 
Static Characteristics  
Static Charge 62-63 14 
Static Electricity  14-16 
Station Control Circuits 306-307 
Storage Batteries  19 -20. 186-187, 387 
Straight Amplifier  94 
Striking Voltage  94 
Stubs, Antenna-Matching  207 
Subsidence Inversion  192 
Sunspot Cycle  190 
Superheterodyne  142 
Superregenerat ion  148 

142, 148-149 Superregcnerative Detectors  
Superregenerative Receivers 142, 330-337 
Suppression, Harmonic  109 
Suppressor-Grid Keying  139 
Suppressor-Grid Modulation  122 
Suppressor, Noise 188, 192 
Surface Wave 188, 192 
Surge Impedance 199, 205-208 
Sweep Circuits 86-87, 405 
Sweep Generator  405 
Sweep Waveforms  406 
swing, Grid  61 

PA019 

Switching, Control-System 306-3t1/ 

PAGE 
75-70 Swinging Choke  

11 Switching, Antenna  

Symbols, Schematic Frontispiece 
Symbols, Vacuunt-Tube  419 
Synchronization 83, 86 
Synchronous Vibrators   187 

" T "-Sect ion Filters  47 
Tables (see "Charts and Tables") 
Talking Level, Microphone  125 
Tank Circuit 79, 95, 106 
Tank Circuit Q  
Tank Constants  95, 106 106-107 
Taps 236-237 
Tapped Circuit  43 
Temperature Cefficient of Crystals  58 
Temperature Coëlficient of Resistance  27 
'Temperature Inversion  192 
Temporary Magnet ,  22 
Terminal Strips   237 
Termination, Line 51-52 
Tertiary Winding  161 
Test Equipment :193-410 
Test Oscillators 408-409 
Tetroile Amplifiers  100 
Tetrode Crystal Oscillators  
Tetrodes  97 74 
Thermal Agitation  152 
Thermionic Conduction  18 

166 Thermionic Emission  18 
Thermocouple Ammeter'  37 
Thickness of Crystals   58 
Thoriated-Tungsten Cathodes   73 
Tliretels, Cutting  237 
Three-Seetion Phase-Shift Oscillator  82 
Threshold Control  167 
Th,,,,,I) Filters  

Time Base  83- 86, 41041: 

Tickler  80 
Tight Coupling  45 

406 
164 
165 
150 
234 

85-80 

Time-Base Circuit, 60-Cycle  
Time Constant 29-30, 
Titne Systems 
Tone Control  
Tools  
Trace, Cathode-Ray 
Tracking 154, 159 
Trans-Atlantic 'l'est'. 10 
Transceivers  367 
Transconiluctance, Grid- Plate  62 
Transconiluctance, Negative  82 
Transformer Color Codes   412 
Transformer-Coupled Amplifiers   67 
Transformer Coupling 44-45, 110, 128 
Transformer, Delts -Matching  376 
Transformer Design 179-180 
Transformer Ellicieney  38 
Transformer Primary  37 
Transformer " Q"-Section 207.-208 
Transforiller Secondary  37 
Transformerless Power Supplies   183 
Transformer,   37-40 
Transformers, I  F  160-161 
Transformers, Linear-Circuit 208-200 
Transformers, Plate 170-180 
Tratisfoimers, Triple-Tuned  161 
Trun$itrun   82 
Transit Time  90 
Transit-Time Magnetron Oscillator  93 
Transmission Lines 50, 198-210, 229, 232,392 
Transinission Lines as Cireuit Elements  52 
Transmission-Line Coupling 200-203 
fransuutters: 

Antenna Coupling .  197-198 
Antenna Switching  230 
Antenna Tuners (see .. Antennas") 
Built hog Filter Clod: •    311 
buililing Small Transformers 309-311 
Constructional: 
Complete Transmitter Assemblies: 

5- 10-Watt Beginner's Transmitter 255-257 
60-Watt 3- Band Transmit ter, 807 Output  257-262 
75-Watt Plug-in Coil Transmitter-Excites 

807 Output 262-205 
100-watt Three-Stage Five-Band Trans-

mitter 266-270 
100-Watt Output Bandswitching Trans-

mitter or Exciter 272-276 
125-Watt Four-Band Transmitter 270-272 
300-Watt Bandswitching Transmitter using 

Bean' Tetrode 281-289 
900-Watt Two-Stage Transmitter 276-281 

Exciters or Low-Power Transmitters:  
Variable-Frequency Exciters 9- 
5- 10-Watt Output Simple Trattsinitter 22585-229571 
60-Watt Output ovr»crr-so7 Plug-In-

Coil 257-262 
75-Watt Output 6L6-807   202-265 
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100-Watt Output M6-2E25-1623 Five-
Band 262-265 

100-Watt Output Banclswitcliing 272-276 
125-Watt Output 7C5-7C5-It E41332  270-272 

Powers Amplifiers: 
200-500-Watt Input Push-Pull 291-294 
450-Watt Input Push- Pull 294-297 
430-Watt Bandswitching Push-Pull 297-299 
300-500-Watt Single-Curled 299-300 
1-Kw. Push-Pull (see also "Very-High Fre-
quencies — Transmitters") 300-303 

Control Circuits 306-307 
Grinding Crystals  308-309 
Keying (see " Keying") 
Line- Voltage Adjustment 307-308 
111 easiirements  395 
Metering 305-307 

i - Modulation (see "Modulation" and " Radio- 
telephony ''; 

Power Supply (see " Power Supplies", 
Principles and Design 94-116 
Rack Construction 304-3(i5 
Vacuum-Tulie Keyer  311 

Transverse Electric Mode  5115 
Transverse Magnetic Mode  55 
Trapezoidal Pattern 131-132 
Trapezoid Wave  88 
Triangular Spectrum  134 
Trigger Circuits  87 
Triggering Voltage  86 
Trimmer Condenser  134 
Triodes   60-03 
Triode Amplifiers  100 
Triode Crystal Oscillators  97 
Triple-Tuned Transformers  
Tri-Tet Oscillator  11 1 

:8 

Troposphere Propagation   1111-192 
Tropospheric Waves  188 
Trouble Shooting ( Receivers)  169-172 
Trough Line  50 
Tube Clas.sification Charts 417-418 
Tube Keyer 140,303 
Tube Noise  152 
Tube Ratings   63 
Tubes (ore " Vacuum Tubes") 
Tuned Circuits 40-4:1,52-53 
Tuned-Grid Tuned-Plate Circuit 
Tuned R.F. Receiver  142 
Tuned Transmission Lines 199,203-205 
Tungsten Cathodes  73 
Timing Indicators 164-105 
Tuning lteceivers  1-17,153-154,168,174 
Tuning Transmitters   96,97,98-99,107-110 
Turns Ratio  37 
Two-Terminal Oscillators  82 
Twisted- Pair Feed 198.206 
Two-Conductor Lines 49-50,198,203-205 

Ultrahigh Frequencies (Sr.' also "Very-High Fre-
quencies"   

Ultraudion Circuit  80 
Cut uncut Transmission Lines 205-210 
Upward Modulation  133 
Using a Key 461-462 

"V" Antenna  •   91' 
Vacuum Tube 18,60-93 
Vacuum-Tube Classification Chart, Receiving....417-418 
Vacuum- 1 ube Index 426-459 
Vacuum-Tube Socket Connections 419-425 
Vacuum-Tube Symbols  419 
Vacuum-Tube Tabbs: 

Cathode-Ray Tubes 442-443 
Control and Regulator 'rubes  441 
Receiving 420-440 
Rectifiers 444-445 
Transmitting 446-458 

Variable- sr Tubes  76 
Variable Selectivity  161,162-163 
Velocity, Angular  31 
Velocity 1\ Iicrophone  1 
Velocity-Modulated Tubes  99 
Velocity Modulation  91 
Velocity of Radio Waves  48 
Very-High Frequencies: 

Antenna Systems: 
Coaxial Antenna  381 
Constructional 378-381 
Corner Reflector Antenna  38•> 
Directive Arrays 215-223,230-233,377-382 
Field-Strength Meters *P2,376-377 
Folded Dipole 222,3'6-377 
"J" Antenna 276,390-391 
Mobile Antennas 379-381,390-392 
Polarization  188,194,196 
Propagation 188-193 

so 

33 

PAOE 
Radiation Patterns 197,211 
Transmission Lines 198-210 

Constructional: 
Receivers: 

144/235-Me. 30-332 
144-Mc. T.R.F. Superregenerative 332-334 
144-Mc. Superregenerative Superhet 335-337 
F.M. I.F. Amplifier  346 
50-Mc. 1 wo-Tube Converter 338-310 
144-Mc. Crystal-Controlled Converter 340-341 
2, 6- and 10-Meter Mobile 341-346 

Transceivers: 
Complete 144-Mc. Mobile Station 367-370 
Simple 235-Mc. Transceiver 371-372 

Transmitters: 
AM.-F.M. 50-Me. Transmitter 347-350 
Disk-Seal-Tube Oscillator for 144, 235 and 
420 Mc 373-374 

Double Beam-Tetrode Amplifier   365-366 
High-C 144-Me. Oscillator   361-302 
"Lighthouse"-Tube Oscillator 373-374 
Mobile Transmitter for 50 and 28 Mc 356-359 
50-144-51c. Driver-Amplifier 350-356 
140-4a0-51e. Oscillator 373-374 
144-Mc., 235-Me. Oscillator (6C4) 359-361 

Very Low Frequency  33 
Vibrapack  187 
Vibrator Power Supplies  18o-186,187.383-387 
Vibrator Power Supplies (Table)  386 
Virtual Height  
Visual Alignment  
Visual-Alignment Signal Generator 170-1178? 406 
Voice Coil  150 
Volt   15 
Volt-Amperes   36 
Voltage Amplification 64.149 
Voltage-Amplifier Data 307-308 
Voltage Dividers 28,183 
Voltage Drop 28.42,175 
Voltage Feed for Antenna  - 197-198 

Voltage Measiirement, 29-30,402-403 Voltage-Multiplier Circuits  .. 183-184 

Voltage, Plate Calculation  77 
Voltage Ratio, Transformer  37 
Voltage Regulation 175,180,181 
Voltage, Ripple 177,178 
Voltage Rise  42 
Voltage, Screen Calculation  77 
Voltage-Stabilized Power Suppli.  • 180-181,182 
Voltmeters 29-30,406 
Volume Control 128,163-164 

WI AW, ARM Hq. Station  11 
W IINF  11 
WAG Certificates  10 
Watt 25-26 
Watt-Hour  26 
Watt-Second  26 
Wattmeter  30 
Wave Angle  191 
Wave Envelope Pattern 130-132 
Wave Guides   34-56 
Wave, Grouncl 188,192-193 
Wave Propagation 188-193 r 
Wave, Sine  30 
Wave, Sky  188 
Waveform 30,130-132,137 
Wavelength  48 
Wavelength-Fi equency Conversion  48 
Wavelength Perforniance  190 
Wavelengths, Amateur  12 
Wavemeter (see " Frequency Meters") 
Waves, Radio  9-10 
Waveshape 30,85,88,105,117-121,162 
Waveshaping Circuit  88- 
Wheatstone Bridge  489 8 
Wide-Band Amplifier  78 
Wide-Band Antennas   381 
Winding Coils  238 
Wire Table  416 
Wiring Apparatus 237-238 
Wiring Diagrams, Symbols for Frontispiece 
Word Lists for Accurate Transmission  6 
Working Voltage  41773 
Worksliop Practice 234-238 
WWV Schedules  394 

X  33-34 
X-Cut Crystals  58 

V-Cut Crystals  58 

2 34-35 
Zero Beat  148 
Zero-Bias Limiter  88 
Zepp Feed for Antennas 203-205 
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Airean Manufacturing Corporation  123 Maguire Industries  143 
Allied Radio Corporation  90 Mallory & Co., Inc., P. R.  65 
Altec-Lansing Corporation  147 Measurements Corporation  83 
American Lava Corporation  69 Micro- Switch Corporation  25 
American Phenolic Corporation 48,49 Millen Manufacturing Co., Inc., James 30,31 
American Radio Relay League, Inc. 

1, 2, 53-61, 138, 144, 150, 151, 152 National Company, Inc   3-24 
American Television & Radio Co  146 Newark Electric Company  96 
Amperex Electronic Corporation  97 
Astatic Corporation, The  78 

Barker & Williamson 88,89 
Birnbach Radio Company  52 Panoramic Radio Corporation  133 
Bliley Electric Company 46,47 Por-Metal Products Corp.  132 
Brach Manufacturing Corp., L. S   79 Petersen Radio Company  91 
Browning Laboratories, Inc.  121 Premax Products  139 
Burgess Battery Company  113 

Cambridge Thermionic Corporation  104 Rodio Corporation of America  
Cameradio Company  I 26 76,1 48 

77 
Radio Product Sales Company  

Candler System  125 Radio Shack Corporation, The  81 

Cardwell Mfg. Corp., Allen D.  105 66,67 Raytheon Manufacturing Company 80, 106 

Collins Radio Co. 100-103 

Centralab  Rek-O-Kut  64 ci Rider Publishers, Inc., John F.  119 

1  Condenser Products Co  142 
Cornell-Dubilier Electric Corp. 70,71 127 Sams & Co., Inc., Howard  110 

Sangao Electric Company  
Schottland, Frederick D. 26, 27 Deutschmann Corp., Tobe  149 

[I( 

rn  

[1:( Eitel-McCullough, Inc.   
Electric Soldering Iron Co.  74 SNC Manufacturing Co.  124 Electro-Voe Corporation 28, 29 Sigma Instruments  

72 

Shure Brothers  82 

Sola Electric Company  122 ic 112 1 4 Federal Telephone & Radio Corp.  32 Sprague Products Company  
Freed Transformer Company  115 

Solar Capacitor Sales Corp   

Standard Transformer Corporation  117 

84,85 1 
Supreme Transmitter Company 62,63 

137 
73 

î 

Hallicrofters Co., The  

General Electric Company  

34-45 

95 Sylvania Electric Products Co   

Hammarlund Manufacturing Co. Inc.. The.. 50, 51 Trimm, Inc.  98 1 
Harrison Radio Company  145 Triplett Electrical Instrument Co., The  141 

Heintz & Kaufman, Ltd   
Harvey Rado Laboratories, Inc   

118 
87 

ci 

Radio Company  136 Turner Co., The  33 

Ungar Electric Tools  99 

Hytron Radio & Electronics Corp   108, 109 

International Resistance Co   107 Volpey Crystal Corp.  86 / 

Henry Radio Stores  140 United Transformer Corp.  75 
Hewlett•Packard Co  130 131 Universal Microphone Co.   Ill 

Instructogroph Company  116 Vibroplex Co., The  128 

ci 
t James Knight Co., The  

Johnson Co., E. F.  134, 135 

68 Word Leonard Electric Co.  

Workshop Associates  129 
Jensen Manufacturing Company  94 Wirecorder Corporation  114 

120 

Ohmite Manufacturing Co. 92, 93 

>s< 
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NATIONAL DIALS 

The four-inch N and AD Dials 
have engine divided and die 
stamped scales respectively. The 
N Dial has a decimal vernier; the 
AD Dial employs a pointer. The 
planetary drive has a ratio of 5 to 
1, and is contained within the 
body of the dial. 2, 3, 4 or 5 scale. 
Fits ! Ï" shaft. Specify scale. 
N Dial List $ 

AD Dial List S 

"Velvet Vernier" Dial, Type 6, 
has a compact variable ratio 6 to 1 
minimum, 20 to 1 maximum drive 
that is smooth and trouble free. 
The case is black bakelite. 1 or 5 
scale. 4" diam. Fits shaft. 

Specify scale. 

B Dial List S 

INEXPENSIVE DIALS 

TYPE R 

List $ 
15'8 Dia 

OBS 
K (Fits 1/4" 
ck bakelite 

as 

TYPE K 

List $ 
31,2" Dia. 

TYPE M 

List $ 
5- Dia. 

The original "Velvet Vernier" 
mechanism is now available in a 
metal skirted dial 3" in diameter. 
The planetary drive has a ratio of 
5 to 1. It is available with 2, 3, 4, 
5 or 6 scale and fits U" shaft. 

AM Dial List S 

The BM Dial is a smaller version 
of the B Dial (described in the op-
posite column) for use where 
space is limited. The drive ratio is 
fixed. Although small in size, the 
BM Dial has the same smooth ac-
tion as the larger units. 1 or 5 
scale. 3" diam. Fits U" shaft. 
Specify Scale. 

BM Dial List S 

FOR INDIVIDUAL CALIBRATING . 

For experimenters who "build their own" and desire 
direct calibration. Fine for Freq. Monitors and VFO's. 

• Dial bezel size 5" x 71/4 " 
• Five blank ranges for direct calibration 
• Employs Velvet Vernier Drive • 5 to 1 ratio 

TYPE ACN List $ 

R Dial scale 3 only but marked 10-0; 0, K, I., M scale 2. All fit 1/4" shafts. 

shaft) List S 
knob 23/8" diam. 

HRP-P (Fits 1/4 " shaft) List S 
Black bakelite knob 11/4 " long and 
1/2" wide. Equipped with pointer. 

HRP List S 
The Type 
HRP knob has 
no pointer, 
but is other-
wise the same 
as the knob 
above. 

Division 
0-100-0 
0-100 
100-0 
150.3 
200.0 
0-150 

ACCESSORIES 
ODL List S 
A locking device which clamps the rim of 0, K, L 
and M Dials. Brass, nickel plated. 

ODD List S 
Vernier drive for 0, K, L, M or 
other plain dials. 

SB (Fits 1/4 " shaft) 

DIAL SCALES 

Retitle. 
18CP 
180° 
180° 
270° 
360° 
270° 

Direction of Condenser Rotation 
fut increase of dial reading 
Either 
Counter Clockwise 
Clockwise 
Clockwise 
Clockwise 
Counter Clockwise 

The HRT is a new gray plastic tuning knob with 
a chrome plated appearance circle. The HRT 
knob fits a 14" dia, shaft and is 21,¡" 
HRT Knob List S 
The HRS Knobs are a new gray plastic knob 

with a ”g" dia. chrome plated skirt. HRS 
Knobs fit la" die. shafts. Three types are avail-
able as follows: 
HRS-1 Knob ON-OFF through 30° rotation 

List S 
HRS-2 Knob 5-0-5 through 180° rotation 

List S 
HRS-3 Knob 0-10 through 300° rotation 

List 

List S 
A nickel plated 
brass bushing 
1/2 " diam. 

RS L (Fits 1/4 " 
shaft) List S 
Rotor Shaft Lock 
For TMA, TMC 
and similar con-
densers. 

RSL 



NATIONAL PRECISION CONDENSERS 
The Micrometer dial reads di-
rect to one part in 500. Division 
lines are approximately 1/4" 
apart. The dial revolves ten 
times in covering the tuning 
range, and the numbers vi.sible 
through the small windows 
change every revolution to give 
consecutive numbering by tens 
from 0 to 500. The condenser is 
of extremely rigid construction, 
with four bearings on the rotor 
shaft. The drive, at the mid- point 
of the rotor, is through an en-
closed preloaded worm gear 
with 20 to 1 ratio. Each rotor is 

individually insulated from the frame, and each has its own individual rotor contact. Stator 
insulation is Steatite. Plate shape is straight-line frequency when the frequency range is 2:1. 
PW Condensers are available in 2, 3 or 4 sections, in either 160 or 225 mmf per section. 

Larger capacities cannot be supplied. 
A single- section PW condenser with grounded rotor is supplied in capacities of 150, 

200, 350 and 500 mmf, single spaced, and capacities up to 125 mmf, double spaced. 
PW condensers are all with rotor shaft parallel to the panel. 

PW-1 R Single section right 
PW-1 L Single section left 
PW-2R Double section right 
PW-2L Double section left 
PW-2S Single section each side 

List S 
List S 
List S 
List S 
List S PW-4 

NPW MODEL with micrometer dial. 

PW-3R Double section right; single 
left 

PW-3L Double section left; single 
right 

Double section each side 

List S 

List S 

List S 

Similar to PW models, except that rotor 
shaft is perpendicular to panel. 

NPW-3. Three sections, each 225 mmf. 
List S 

GEAR DRIVE UNITS with micrometer dial 
NPW-0 List S 
Uses parts similar to the NPW condenser. 
Drive shaft perpendicular to panel. One 
TX-9 coupling supplied. 
PW-0 List $ 
Uses parts similar to the PW condenser. 
Drive shaft parallel to panel. Two TX-9 
couplings supplied. 

MICROMETER DIAL 
PW-D List S 
Identical with the dials used on the condensers and drives above. It revolves 
ten times in covering the complete range and as there is no gear reduction unit 
furnished, the driven shaft will revolve ten times, also. The PW-D dial fits a 
shaft he in diameter. 

5 



NATIONAL RECEIVING CONDENSERS 

TYPE SE 
(Type SEU IIlustreted) 

STRAIGHT-LINE 
FREQUENCY 
270 Rotation 

Capacity 1 t ooninloiutyin t oes; Air Gap Length sCaymtaboll List 

SINGLE BEARING MODELS 

15 Mmf. 
25 
50 

3 Mmf. 
3.25 
3.5 

3 
4 
7 

.018" 

.018" 

.018" 

1346" 
13/6" 
116" 

STHS- 15 
STHS- 25 
STHS- 50 

$ 

DOUBLE BEARING MODELS 

35 Mmf. 
50 
75 

100 
140 
150 
200 
250 
300 
335 

6 Mmf. 
7 
8 
9 

10 
10.5 
12.0 
13.5 
15.0 
17.0 

8 
11 
15 
20 
27 
29 
27 
32 
39 
43 

.026" 

.026" 

.026" 

.026" 

.026" 

.026" 

.018" 

.018" 

.018" 

.018" 

21/4" 
21/4" 
21/4" 
21/4" 
21/4  
23/4 
21/4" 
21/4" 
21/4" 
21/4" 

ST- 35 
ST- 50 
ST- 75 
ST-100 
ST-140 
ST-150 

STH-200 
STH-250 
STH-300 
STH-335 

2 

SPLIT STATOR DOUBLE BEARING MODELS 

50-50 
100-100 

5-5 
5.5-5.5 

11-11 
14-14 

1 .026" 
.018" 

91/4" 
21/4" 

STD- 50 1 2 
STHD-100 

The ST Type condenser has Straight-Line Wavelength plates. 
All double-bearing models have the front bearing insulated to 
prevent noise. On special order a shaft extension at each end is 
available, for ganging. On double-bearing single shaft models, 
the rotor contact is through a constant impedance pigtail. 
Steatite insulation. 

NOTE - Type SS Condensers, having straight- line-capacity 
plates but otherwise similar to the Type ST, are available. 
Capacities and Prices same as Type ST. 

Caen," 
Minimum 
Capacity 

No. of 
Plat« Air Gap Length Catalog 

Symbol Litt 

15 Mmf. 7 Mmf. 6 .055" 21/4 " SEU- 15 $ 
20 7.5 7 .055" 21/4" SEU- 20 
25 8 9 .055" 21/4 " SEU- 25 

50 9 11 .026" 21/4 " SE- 50 
75 10 15 .026" 21/4" SE- 75 

100 11.5 20 .026" 21/4" SE-100 
150 13 29 .026" 23/4 " SE-150 

200 12 27 .018" 21/A" SEH-200 
250 14 32 .018" 23/4 " SEH-250 
300 16 39 .018" 21/4 '. SEH-300 
335 17 43 018" 21/4" SEH-335 

TYPE SE - All models have two rotor bearings, the front bear-
ing being insulated to prevent noise. A shaft extension at each 
end, for ganging, is available on special order. On models with 
single shaft extension, the rotor contact is through a constant 
impedance pigtail. The SEU models (illustrated) are suitable for 
high voltages as their plates are thick polished aluminum with 
rounded edges. Other SE condensers do not have polished 
edges on the plates. Steatite insulation. 

Capacity 
Minimum 
Capacity 

No. of 
Plates Lengt h 

Catalog 
Symbol Lid 

150 N.3-1. 9 Mmf. 9 2". 1 " EMC-150 2 
250 11 15 211/4  EMC-250 
350 12 20 21'4" EMC-350 
500 16 29 4%8" EMC-500 

1000 22 58 634" EMC-1000 

TYPE EMC - A general purpose condenser available in large 
sizes and having Straight-Line wavelength plates. They are 

similar in construction to the TMC Transmitting condenser, and 
have high efficiency and rugged frames. Insulation is Steatite, 
and Peak Voltage Rating is 1000 volts. Same sizes available with 
straight line capacity plates, type DXC condenser. 



NATIONAL MINIATURE 

PSR — See table — 
Type PSR condensers 
are small, compact, low-
loss units with silver 
plating on conducting 
parts. Their soldered 
construction makes them 
particularly suitable for 
applications where vi-
bration is present. Ad-
justment is made with a 
screw driver. Steatite 
base. 
PSE — See table — 
Type PSE condensers 
are similar to Type PSR, 
but are provided with a 
1/4" diameter shaft ex-
tension at each end. 
PSL -- See table — 
Type PSL condensers 
are similar to Type PSR, 
but are provided with a 
rotor shaft lock, so that 
the rotor can be clamped 
at any setting. 

M-30 List S 
Type M-30 is a small 
adjustable mica con-
denser with a maximum 
capacity of 30 mmf. 
Dimensions 1j" x ? i6" x 
1/2". Isolantite base. 
W-75, 75 mmf. List $ 
W-100, 100 mmf. List S 

CONDENSERS 

Capacity Catalog Symbol List 

25 mmf. PSR-25 PSE-25 PSL-25 S 
50 PSR-50 PSE-50 PSL-50 
75 PSR-75 PSE-75 PSL-75 

100 PSR-100 PSE-100 PSL-100 
140 PSR-140 PSE-140 PSL-140 

Capacity 
Minimum 
Capacity 

No. of 
Plates Air Gap 

Catalog 
Symbol List 

15 me 
35 
50 
75 

100 
10 
25 

1.5 
2.5 
3 
35 
4.5 
1 
34 

6 
12 
16 
22 
28 
8 

14 

.017" 

.017" 

.017" 

.017" 

.017" 

.042" 

.042" 

UM-15 
UM-35 
UM-50 
UM-75 
UM-100 
LIM-1013 
UMA-25 

S 

BALANCED STATOR MODEL 

95 2 
50 5 

4-4-4 .017" UMB-25 S 
8-8-8 .017" UMB-50 

NATIONAL NEUTRALIZING 
NC-600U List S 

With standoff insulator 

NC-600 List S 
Without insulator 

For neutralizing low power 
beam tubos requiring from .5 
to 4 mmf., and 1500 max. total 
volts such as the 6L6. The 
NC-600U is supplied with 
a GS-10 standoff insulator 
screwed on one end, which 
may be removed for pigtail 
mounting. 

STN List S 

The Type STN has a maximum 
capacity of 18 mmf. (3000 V), 
making it suitable for such 
tubes as the 10 and 45. It is 
supplied with two standoff 
insulators. 

Small padding condens-
ers having very low tem-
perature coefficient. 
Mounted in an aluminum 
shield 11/4 " in diameter. 
The UM CONDENSER 
is designed for ultra 
high frequency use and 
is small enough for con-
venient mounting in 
PB-10 and RO shield 
cans. They are particu-
larly useful for tuning 
receivers, transmitters, 
and exciters. Shaft ex-
tensions at each end of 
the rotor permit easy 
ganging when used with 
one of our flexible 
couplings. The UMB-25 
Condenser is a balanced 
stator model, two stators 
act on a single rotor. 
The UM can be mounted 
by the angle foot sup-
plied or by bolts and 
spacers. See table for 
sizes. 

Dimensions: Base 1" x 
21/4 ", Mounting holes 

x 12542", Axial 
length 21/2 " overall. 

Plates: Straight line ca-
pacity, 180° rotation. 

The UM-10D and-
UMA-25 condensers 
are double spaced ver-
sions of the UM con-
denser. The UMA-25 
is assembled with nuts 
and bolts so that the 
capacity may be re-
duced if desired. 

CONDENSERS 
NC-800A List S 
The NC-800A disk- type 

neutralizing condenser is suit-
able for the RCA-800, 351, 
HK- 54 and similar tubes. It is 
equipped with a clamp to lock 
its setting. The chart below 
gives capacity and air gap for 
different settings. 

NC-75 List S 
For 751, 808, 811, 812 & 
similar tubes. 

NC-150 List S 
For HK354, RK36, 3001, 852, 
etc. 

NC-500 List S 
For WE-251, 450TH, 45011_, 
750TL, etc. 

These larger disk type neutral-
izing condensers are for the 
higher powered tubes. Disks 
are aluminum, insulation stea-
tite. 
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NATIONAL TRANSMITTING CONDENSERS 

TYPE TMS 

- is a condenser designed For transmitter use in low 
power stages. It is compact, rigid, and dependable. 
Provision has been made for mounting either on the 
panel, on the chassis, or on two stand-off insulators. 
Insulation is Steatite. Voltage ratings listed are con-
servative. 

Minimum 
Capacity Capacity Length Air Gap 

Peak 
Voltage 

No. of Catalog 
Plates Symbol 

List 
Price 

loo Mmf. 
150 
250 
300 
35 
50 

SINGLE STATOR MODELS 

9.5 
11 
13.5 
15 
8 

11 

50-50 Mmf. 
100-100 
50-50 

6-6 
7-7 

10.5-10.5 

3" 

3" 

.026" 

.026" 

.026" 

.026" 

.065" 

.065" 

1000v. 
1000v. 
1000v. 
1000v. 
2000v. 
2000v. 

9 
14 
22 
27 
7 

11 

TMS-100 
TMS-150 
TMS-250 
TMS-300 
TMSA-35 
TMSA-50 

DOUBLE STATOR MODELS 
3, .026" 1000v. 
3" .026" 1000v. 
3" .065" 2000v. 

5-5 
9-9 

11-11 

TMS-50D 
TMS-100D 
TMSA-50D 

iLieettil TYPE TMH 
Features very compact construction, excellent power 
factor, and aluminum plates .040" thick with 
polished edges. It mounts on the panel or on re-
movable stand-off insulators. Steatite insulators have 
long leakage path. Stand-offs included in listed 
price. 

Minimum 
Capacity Capacity Length Air Gap v PoTtaakge 

SINGLE STATOR MODELS 

334" .085" 3500v. 
PA" .085" 3500v. 
51/8" .085" 3500v. 
61/2 " .085" 3500v. 
51/2 " .180" 6500v. 

50 Mmf. 
75 

100 
150 
35 

9 
11 
12.5 
18 
11 

No. of 
Plates Catalog List Symbol 

35-35 Mmf. 
50-50 
75-75 

6-6 
8-8 

11-11 

15 
19 
25 
37 
17 

TMH-50 
TMH-75 
TMH-100 
TMH-150 
TMH-35A 

DOUBLE STATOR MODELS 

33/4 " .085" 3500v. 
51/8" .085" 3500v. 
61/2 " .085" 3500v. 

9-9 
13-13 
19-19 

TMH-35D 
TMH-50D 
TMH-75D 

8 



NATIONAL TRANSMITTING CONDENSERS 

TYPE TMK 
is a new condenser for exciters and low power 
transmitters. Special provision has been made for 
mounting AR-16 coils in a swivel plug-in mount 
on either the top or rear of the condenser, (see 
page 10). For panel or stand-off mounting; 
Steatite insulation. 

Capacity 
Minimum 
Capacity 

Peak \ No. of 
Length Air Gap Voltage Plates 

SINGLE STATOR MODELS 

Catalog List 
Symbol Price 

35 Mmf. 7.5 
50 8 
75 9 

100 10 
150 10.5 
200 11 
250 11.5 

2T¡ 2" 
2M3" 
21%6' 

35/8" 
41/4 " 
478" 

.047" 

.047" 

.047" 

.047" 

.047" 

.047" 

.047" 

1500v. 
1500v. 
1500v. 
1500v. 
1500v. 
1500v. 
1500v. 

7 
9 

13 
17 
25 
33 
41 

TMK-35 
TMK-50 
TMK-75 
TMK-100 
TMK-150 
TMK-200 
TMK-250 

DOUBLE STATOR MODELS 

35-35 Mmf. 
50-50 

100-100 

7.5-7.5 
8-8 

10-10 

3" .047" 
35/8" .047" 
41/4 " .047" 

1500v. 
1500v. 
1500v. 

7-7 
9-9 

17-17 

TMK-35D 
TMK-50D 
TMK-100D 

Swivel Mounting Hardware for AR 16 Coils SMH 

TYPE TMC 

is designed for use in the power stages of transmitters 
where peak voltages do not exceed 3000. The frame is ex-
tremely rigid and arranged for mounting on panel, chassis or 
standoff insulators. The plates are aluminum with buffed 
edges. Insulation is Steatite. The stator in the split stator 
models is supported at both ends. 

capacity Minimum Lth Length Air GaCapacityp 
Peak 

Voltage 
No. of 
Plates 

i 
Catalog List 
Symbol Pr ice 

SINGLE STATOR MODELS 

50 Mmf. 
100 
150 
250 
300 

10 
13 
17 
23 
25 

3" 
7" 
458" 
6' 
63/4 " 

.077" 

.077" 

.077" 

.077" 

.077" 

3000v. 
3000v. 
3000v. 
3000v. 
3000v. 

7 
13 
21 
32 
39 

TMC-50 
TMC- 100 
TMC-150 
TMC-250 
TMC-300 

DOUBLE STATOR MODELS 

50-50 Mmr. 
100-100 
200-200 

9-9 
11-11 

18.5-18.5 

45/g" 
63/4 " 
o1A" 

.077" 

.077" 

.077" 

3000v. 
3000v. 
3000v. 

7-7 
13-13 
25-25 

TMC-50D 
TMC-100D 
TMC-200D 



NATIONAL TRANSMITTING CONDENSERS 

Minimum 
Capacity 

TYPE TMA 
is a larger model of the popular TMC. The frame is ex-
tremely rigid and arranged for mounting on panel, chassis 
or stand-off insulators. The plates are of heavy aluminum 
with rounded and buffed edges. Insulation is Steatite 
located outside of the concentrated field. 

Capacity Lenore Al, Gen I VIII% e No. of Plat« 

SINGLE STATOR MODELS 

Catalog List 
Symbol Price 

300 Mad. 
50 

100 
150 
230 
100 
150 
50 

100 

19.5 
15 
19.5 
22.5 
33 
30 
40.5 
21 
37.5 

4%" 
4%" 
678" 
67/ " 

12" 
71 
12 8" 

.077" 

.171" 

.171" 

.171" 

.171" 

.265" 

.265" 

.359" 

.359" 

3000v. 
6000v. 
6000v. 
6000v. 
6000v. 
9000v. 
9000v. 

12000v. 
12000v. 

23 
7 

15 
21 
33 
23 
33 
13 
25 

TMA-300 
TbAA-50A 
TMA-100A 
TMA-150A 
TMA-230A 
TMA-10013 
TMA-1508 
TMA-50C 
TMA-100C 

200-200 Mist. 
180-180 
50-50 

100-100 
60-60 
40-40 

15-15 
10-10 

12.5-12.5 
17-17 

19.5-19.5 
18-18 

DOUBLE STATOR MODELS 

6%" 
129eet" 
6" 

12,q" 
12h" 

.077" 

.140" 

.155" 

.155" 

.249" 

.343" 

3000v. 
4000v. 
6000v. 
6000v. 
9000v. 

12000v. 

16-16 
24-24 
8-8 

14-14 
15.15 
11-11 

7MA-200D 
¡MA-1 SOD 
7MA-50DA 
TN4A-100DA 
TMA-60DB 
TMA-40DC 

TYPE TML 
condenser is a 1 KW lob throughout. Steatite insulators, 
specially treated against moisture absorption, prevent flash-
overs. A large self-cleaning rotor contact provides high current 
capacity. Thick capacitor plates, with accurately rounded and 
polished edges, provide high voltage ratings. Sturdy cast 
aluminum end frames and durai tie bars permit an unusually 
rigid structure. Precision end bearings insure smooth turning 
and permanent alignment of the rotor. End frames are arranged 
for panel, chassis or stand-off mountings. 

Capacity Minimum 
Capacity 

 Peak 
Length 1 Ai, Gen I Voltai. I No. of I Catalog I List 

I ma« Symbol Price 

SINGLE STATOR MODELS 

75 Mot. 
150 

25 
ao 

18.%" 
18" 

.719" 

.469" 
20,000v. 
15,000v. 

17 
27 

TML-75E 
TML-150D 

100 45 13" .469" 15,000v. 19 TML-1000 
50 22 8' .4,59" 15,000v. 9 TML-50D 

245 54 18%" .344" 10,000v. 35 TML-2458+ 
150 45 13%" .344" 10,000v. 21 TML-1508-1-
100 32 10" .344" 10,000v. 15 TML-100B+ 
75 23.5 86,. .344" 10,000v. 11 TML-75B+ 

500 55 18,%" .219" 7,500v. 49 TML-500A A-
350 45 135/8:: .219" 7,500v. 33 TML-350A -I-
250 35 10% .219" 7,500v. 25 TML-250A+ 
_ 

DOUBLE STATOR MODELS 
30-30 Mmf. 12-12 18%" .719" 20,000v. 7-7 TML-30DE 
60-60 26-26 183i" .469" 15,000v. 11-11 TM L-60DD 
100-100 27-27 18%" .344" 10,000v. 15-15 TML-100DB f-
60-60 20-20 13' .344" 10,000v. 9-9 ¡ML-60DB +-

200-200 30-30 18" .219" 7,500v. 21-21 TM L-200DA + 
100-100 17-17 10%" .219" 7,500v. 11-11 TML-100DA ± 



NATIONAL RF CHOKES 

R-100 List S 
R-100U List S 
R-1005 List S 
These RF chokes are iden-
tical electrically, but differ 
in mounting provisions. The 
R-100 employs pigtail leads; 
the R-100U has pigtail leads 
and a standoff insulator; the 
R-100S has cotter-pin lug 
terminals and a stand-off n-
sulator. These chokes are 
available in 2.5, 5 and 10 
millihenry sizes and are 
rated at 125 milliamperes. 

R-300 List S 
R-300U List S 
R-3005 List S 
RF chokes R-300, R-300U 
and R- 300S are similar in size 
to R-100 series but have 
higher current capacity. The 
R-300U s provided with a 
removable stand-off insulator 
at one end. The R-300S has 
non-removable stand-off in-
sulator and cotter-pin lug 
terminals. Inductance values 
of 0.5, 1.0, 2.5 and 5.0 
millihenries are available 
with a current rating of 300 
millamperes. R-300, R-300U 
and R-300S are identical 
electrically. 

R-33 List S 
The R-33 series chokes are 

2-section RF chokes and 
available in 1, 10, 50 and 
100 microhenry sizes. They 
are rated at 33 milliamperes. 
The chokes are wound on a ei" long form and range in 
diameter up to maximum 
diameter. 
The R-33G choke is a 2-

section 750 microhenry RF 
choke hermetically sealed in 
glass with a current rating 
of 33 milliamperes. The 
choke body is 1" long by %" 
diameter. 

R-152 List S 
For the 80 and 160 meter 
bands. Inductance 4 m.h., DC 
resistance 10 ohms, DC cur-
rent 600 ma. Coils honey-
comb wound on lsolantite 
core. 

R-154 

R-154U 

List S 

List S 

For the 20, 40 and 80 meter 
bands. Inductance 1 m.h., DC. 
resistance 6 ohms, DC cur-
rent 600 ma. Coils honey-
comb wound on Isolantite 
core. The R-154U does not 
have the third mounting foot 
and the small insulator, but is 
otherwise the same as R-154. , 
See illustration. 

R-175 List S 
The R-175 Choke is suitable 
for parallel- feed as well as 
series-feed in transmitters 
with plate supply up to 3000 
volts modulated or 4000 volts 
unmodulated. Unlike conven-
tional chokes, the reactance 
of the R-175 is high through-
out the 10 and 20 meter 
bands as well as the 40, 80 
and 160 meter bands. In-
ductance 225 ;Al, distributed 
capacity 0.6 mmf., DC resist-
ance 6 ohms, DC current 800 
ma., voltage breakdown to 
base 12,500 volts. 

R-50 RF Choke List S 
The R-50 series chokes 

are 4-section RF chokes and 
available in 0.5, 1, 2.5, and 
10 millihenry sizes. They are 
rated at 50 milliamperes. 
The chokes are wound on a 
1" long form and have a 
maximum diameter of %". 
The 10 millihenry choke is 
wound on an iron core. 

R-60 RF Choke List S 
The R-60 choke is a high 

current RF choke (500 milli-
amperes) available in 2 and 4 
microhenry sizes. The choke 
is 11s" long by hs" diam-
eter. 

R-60 



EXCITER COILS AND FORMS TYPE AR-16 (Air Spaced) 

NATIONAL PARTS 

The Transmitter Coil Forms and Mounting are designed as a group, 
and mount conveniently on the bars of a TMA condenser. The 
larger coil form, Type XR-14A, has a winding diameter of 5", 
a winding length of 33/4 " (30 turns total) and is intended for the 
80 meter band. The smaller form, Type XR-10A, has a winding 
length of 33/4 " and a winding diameter of 21/2 " (26 turns total). 
It is intended for the 20 and 40 meter bands. 

Either coil form fits the PB-15 plug. For higher frequencies, the 
plug may be used with a self-supporting coil of copper tubing. 
The XB-15 Socket may be mounted on breadboards or chassis, 
as well as on the TMA Condenser. 

These air-spaced coils are suitable for use in stages where the plate 
input does not exceed 50 watts and are available in the sizes 
tabulated below. Capacities listed will resonate the coils at the 
low freauency end of the band and include all stray circuit capacities. 
All have separate link coupling coils and all fit the PB-16 Plug and 
XB-16 Socket. 
The XR-16 Coil Form also fits the PB-16 Plug and XB-16 Socket. 

It has a winding diameter of 11/4 " and a winding length of 13/4 ". 

Band End Link 
Cap 
Mnd 

center 
Link 

Cap 
Minf 

Swinging 
Link 

Cap 
Mnif 

6 meter AR16-6E 25 AR16-6C 25 
10 meter AR16-10E 20 ARI 6-10C 20 AR16-10S 25 
20 meter A RI6-20E 26 AR16-20C 26 ARI6-205 40 
40 meter AR16-40E 33 ARI6-40C 33 ARI6-40S 55 
80 meter ARI6-80E 37 ARI6-80C 37 AR16-80S 60 

160 meter AR16-160E 65 AR16-160C 65 

SINGLE UNITS 

XR-10A, Coil Form only 
XR-I 4A, Coil Form only 
P8.1 5, Plug only 
XB-15. Socket only 

ASSEMBLIES 

UR-10A, Assembly (Including small Coil 
Form, Plug and Socket) List S 

UR-14A, Assembly (including large Coil 
Form, Plug and Socket) List S 

XR-16, Coil Form only List S 
PB-16, Plug-in Base only List S 
XB-16, Plug-in Socket only List S 
AR-16, Coils — Any type (see table). 
Include PB-16 
Plug as illustrated Each, List S 

Exciter 
coil 
on 
TMK 

condenser 



BUFFER COIL FORMS 

NATIONAL PARTS 

National Buffer Coil Forms are designed to mount directly on the tie bars 
of a TMC condenser using the PB-S Plug and XB-5 Socket. Plug and Socket 
are of molded R-39. 
The two coil forms are of Isolantite, left unglazed to provide a tooth for 

coil dope. The larger form, Type XR-13, is 13/4 " in diameter and has a 
winding length of 23/4 ". The smaller form, Type XR-13A, is 1" in diameter 
and provides a winding length of 23/4 ". Both forms have holes for mount-
ing and for leads. 

FIXED TUNED EXCITER TANK SAFETY GRID AND PLATE CAPS 
Similar in general construction to National I.F. 
transformers, this unit has two 25 mmf., 2000 volt 
air condensers and an unwound XR-2 coil form. 

FXT, without plug-in base List S 
FXTB-5, with 5 prong base List S 
FXTB-6, with 6 prong base List S 

PLUG-IN BASE AND SHIELD 
The low- loss R-39 base is ideal for mounting 
condensers and coils when it is desirable to have 
them shielded and easily removable. Shield can is 
2" x 23/3" x 41/2 ". 

PB-1 0-5, (5 Prong Base & Shield) List S 
PB-1 -6, (6 Prong Base & Shield) List S 
PB-1 0A-5, (5 Prong Base only) List S 
PB-10A-6, (6 Prong Base only) List S 

SINGLE UNITS 
XR-13, Cori Form only List S 
XR-1 3A, Coil Form only List S 
PB-5, Plug only List S 
XB-5, Socket only List S 

ASSEMBLIES 
UR-13A, Assembly (including small 

Coil Form, Plug and Socket) 
List S 

UR-13, Assembly ( including large 
Coil Form, Plug and Socket) 

List 

National Safety Grid and Plate Caps have a ceramic 
body which offers protection against accidental 
contact with high voltage caps on tubes. 

SPP-9 List S 
Ceramic insulation. Fits 9/16" diameter. 

SPP-3 List S 
Ceramic insulation. Fits Ye" diameter. 

GRID AND PLATE GRIPS 
National Grid and Plate Grips provide a secure 
and positive contact with the tube cap and yet are 
released easily by a slight pressure on the ear. 

Type 12, for 9/16" Caps 

Type 24, for Ye" Caps 

Type 8, for 1/4" Caps 

List S 

List S 

List S 



NATIONAL PARTS 

OSR 

COIL FORMS 
XR-1, Four prong, List S 
XR-2, without prongs 

List S 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
1", length 11/2 ". 

XR-3 List S 
Molded of R-39. Diameter 

length 3/4 ". Without 
prongs. 

XR-4, Four prong, List S 
XR-5, Five prong, Lief 
XR-6, Six prong, List S 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
1 length 21/4 ". A special 
socket is required for the six-
prong f orm. 
XC6C, Special six- prong 
socket for XR-6 Coil Form, 

List S 

OSCILLATOR COIL 
OSR List S 
A shielded oscillator coil 
which tunes to 100 KC with 
.00041 Mfd. Two separate 
inductances, closely coupled. 
Excellent for i nterruption-
f reguency oscillator in super-
regenerative receivers. 

H. F. COIL FORMS 

COIL SHIELDS 

RZ, coil shield List S 
13/8" square x 4" high. 

RS, coil shield List S 
-17,e x 17/8" x 31/2 " high. 

RO, coil shield List S 

, 2" x 2'1/8" x 41/8" high. 

National coil shields are 
formed from a single piece of 
pure aluminum. They are 
mechanically strong and have 
ample thickness to mount 
small parts on the walls. 
The RZ, RS and RO coil 

shields are supplied with 
two threaded studs extend-
ing downward from the open 
end for attaching to the chas-
sis. 

T-78, tube shield complete 
List S 

National tube shield type 
T-78 is a three-piece pure 
aluminum shield suitable for 
shielding glass tubes with 
ST-12 bulb, such as the 6C6 
and 6D6 tubes. 

JACK SHIELD 
1S-1, Jack shield List S 
For shielding small standard 
jacks mounted behind a 
panel, or on the ends of 
extension cords. 

Symbol 
Outside 
Diameter 

Length List 

PRC-1 
PRC-2 
PRC-3 

PRD-1 
PR D-2 

PRE-1 
PRE-2 
PRE-3 
PRF-1 
PRF-2 

e: 
4/13" 
1/2 " 

1/2" 

9/16" 

9/16" 

1/2 " 

3/4" 

NATIONAL CABINETS 

The National Cabinets listed below are the 
same as those used in National Receivers, except 
that they are supplied in blank form. They are 
made of heavy gauge steel, and the paint is un-
usually well bonded to the metal. Sub-bases and 
bottom covers are included in the price. 



NATIONAL PARTS 

I. F. TRANSFORMERS 
IFC, Transformer, air core List S 

IFCO, Oscillator, air core 
List S 

Air dielectric condensers isolated from 
each other by an aluminum shield. Litz 

wound coils on a moisture proofed 
ceramic base. Shield can 41/8" x 2Y8" 

x 2''. Available for either 175 KC or 
450-550 KC. Specify frequency. 

IFG, IF Transformer List S 
IFH, Discriminator List S 

High frequency IF transformers, similar 
in construction to the IFC above. They 

are intended for FM receivers and 
others requiring a high IF frequency. 
Frequency is 3 MC. When definite 
assignment of the bands has been made 
these transformers will be available in 
a frequency which gives the minimum 
images in the FM and television bends. 

15 Mc. IF transformers suit-
able for ultra high frequency 
superheterodynes. They are 
made in two models, with and 
without variable coupling. Ap-
proximate stage gain of 10 is 
obtained with IFJ or IFK 
Transformer and 6AB7 tube. 
IFJ, with variable coupling 

List S 
IFK, with fixed coupling 

List S 

IFL, IFM, IFN and IFO 
transformers operate at 10.7 
Mc. and designed for use in 
AM or FM Superheterodyne 
receivers. The transformer cans 
are 1 s" square and stand 
3q" above the chassis. Two 
6-32 spade bolts are provided 
for mounting. 

The IFL transformer is a 10.7 
Mc. FM discriminator trans-
former suitable for use in con-
ventional FM receiver dis-
criminator circuit and is linear 
over a band of ±100 Kc. 

The IFM transformer is a 
10.7 Mc. IF transformer with a 
150 Kc. bandwidth at 1.5 
db attenuation. Approximate 
stage gain of 30 is obtained 
with IFM Transformer and 6SG7 
tube. 

The IFN transformer is a 
10.7 Mc. IF transformer with a 
100 Kc. pass band at 1.5 db 
attenuation. Approximate 
stage gain of 30 is obtained 
with IFN Transformer and 
6SG7 tube. 

The IFO transformer is a 
10.7 Mc. FM discriminator 
transformer of the ratio type 
and is linear over a band of 
±100 Kc. 
IFL FM Discriminator 

List $ 
IFM IF Transformer List $ 
IFN IF Transformer List $ 
IFO FM Ratio Discriminator 

List S 

CHART FRAME 
The National Chart Frame is 
blanked from one piece of 
metal, and includes a celluloid 
sheet to cover the chart. Size 
21/4 " x 31/4 ", with sides 1/4" 
wide. 
Type CFA List S 

COIL DOPE 
CD-1, 1/4 pint can List S 
Liquid Polystyrene Cement — 
is ideal for windings as it will 
not spoil the properties of the 
best coil form. 

TOUCH-UP PAINT 
A high quality air-drying paint 
that may be applied with a 
brush. It is especially suited to 
touching up places on radio 
equipment where the paint 
may have become marred 
through abrasion. 
CP-1, gray List S 
CP-2, black List S 

SPEAKER CABINETS 
ND(-8 for 8" speaker 

List S 
NDC-10 for 10" speaker 

List S 
NDC-2 for 10" speaker 

List S 

These metal speaker cabinets 
are acoustically correct. They 
are lined with acoustic felt, 
and are of welded construction 
to eliminate rattles. Finish is 
black wrinkle on NDC-8 and 
NDC-10. NDC-2 is finished 
in gray wrinkle to match the 
NC-2-40D receiver. 



XLA-S 

NATIONAL LOW-LOSS SOCKETS AND INSULATO 

XL.rts List S GS-1, " xl.%" List S 
A low-loss socket for the 6F4 and 950 
series acorn tubes for frequencies as GS-2, .12'" x 2.14" List S 
high as 600 MC. Conventional by-
pass condensers may be compactly GS- 3, .f." x 27/(3" List 1 
mounted between the contact termi-
nals and the chassis. Low contact GS-4, '¡"" x 4T1" List 1 
resistance, short and direct leads and 

fl.¡ fi low and constant inductance are GS-4A, " x 63'" List $ 
features. 

XLA-S List S 
An internal shield fitting the XLA 
socket and suitable for tubes such as 
the 956. 

XLA-C List S 

This miniature by-pass conden-
GS-5, 1 List, each S ser may be mounted inside the 

socket, directly below the GS-6, 2" List, each S 
contact. Capacities of 50 or 
100 mmf. available. GS-7, 3" List, each S 

Cylindrical low- loss steatite standoff 
insulators with nickel plated caps and 
bases. 

XCA List S 
A low- loss socket for acorn triodes. 

XMA List S 
For pentode acorn tubes, this socket 
has built-in by-pass condensers. The 
base is a copper plate. 

XM-10 List S 
A heavy duty metal shell socket for 
tubes having the XU base. 

X141.50 List $ 
A heavy duty metal shell socket for 
tubes having the Jumbo 4-pin base 
("fifty wafters"). 

JX-50 List S 
Without Standoff Insulators 

./ X-51 List S 
A low loss wafer socket for the 813 
and other tubes having the Giant 
7 pin base. 

GSJ, (not illustrated) List S 

A special nickel plated lack too 
threaded to fit the " diameter insu-
lators GS-3, GS-4 & GS-4A. 

GS-10, u", package of 10 List $ 

These cone type standoff Insulators 
are of low- loss steatite. They have a 
tapped hole at each end for mounting. 

GS-8, with terminal 

GS-9, with lack 

List S 

List S 

These low- loss steatite standoff insu-
lators are also useful as lead-through 
bushings. 

HX-29 List S 
A low- loss wafer socket with steatite 
Insulation for the popular 829 and 
832 tubes. 

XC Series 
Sockets 

HX-100S List S 
XC-4 

List S 
List S 

With Standoff Insulators 
XC-5 
XC-6 List f 

A low loss wafer socket suitable for X C-7S List S 
the type 4-125-A, 4-250-A ond other X C-7L List S 
tubes using the Giant 5-Pin base- XC-8 List $ 
Shield grounding clips are supplied National wafer sockets have ceceo. 
which mount on the chassis with the tionally good contacts with high cur-
socket mounting screws toground the rent capacity together with low loss 
tube shield at three points. Air holes steatite insulation. All types have a 
are provided In the socket to permit locating groove to make tube insertion 
forced air cooling. easy. 



LOW-LOSS SOCKETS AND INSULATORS 

FWG List S 

A Victron terminal strip for 
high frequency use. The bind-
ing posts take banana plugs at 
the top, and grip wires through 
hole at the bottom, simultane-
ously, if desired. 

FWH List S 

The insulators of this terminal 
assembly are molded R-39 and 
have serrated bosses that allow 
the thinnest panel to be 
gripped firmly, and yet have 
ample shoulders. Binding posts 
same as FWG above. 

FWJ List S 

This assembly uses the same 
insulators as the FWH above, 
but has jacks. When used with 
the FWF plug (below), there 
is no exposed metal when the 
plug is in place. 

FWF List S 

This molded R-39 plug has two 
banana plugs on 3/4 " centers 
and fits FWH or FWJ above. 
Leads may be brought out 
through the top or side. 

FWA, Post List, each S 
Brass Nickel Plated 

EWE, Jack List, each S 
Brass Nickel Plated 

FWC, Insulator 
List, per pair S 

R-39 Insulation 

FWB, Insulator List, each S 
Polystyrene insulation 

CIR Series Sockets 
Any Type List S 

Type CIR Sockets feature low-loss 
isolantite or steatite insulation, a con-
tact that grips the tube prong for its 
entire length, and a metal ring for six 
position mounting. 

AA-3 List S 

A low- loss steatite spreader 
for 6 inch line spacing. (600 
ohms impedance with No. 12 
wire.) 

AA-5 List S 

A low- loss steatite aircraft-
type strain insulator. 

AA-6 List S 

A general purpose strain in-
sulator of low- loss steatite. 

XS-6 List, each S 

A low- loss isolantite bushing 
for 1/2 " holes. 

XP-6 Same as above but 
polysterene. 

List, box of ten S 

TP8 List, per dozen S 

A threaded polystyrene bush-
ing with removable .093 con-
ductor moulded in, 1/4" diam., 
32 thread. 

XS-7, (/j3" Hole) 

XS-8, ( 1/2 " Hole) 

Steatite bushings. Prices in-
clude male and female bush-
ings with metal fittings. 

List S 

List S 

XS-1, (1" Hole) List S 

XS-2, (11/2 " Hole) List S 

Prices listed are per pair, in-
cluding metal fittings. Insula-
tion steatite. 

XS-3, (23/4 " Hole) List S 

XS-4, (33/4 " Hole) List S 

Prices are per pair, including 
metal fittings. These low- loss 
steatite bowls are ideal for 
lead-in purposes at high volt-
ages. 

XS-5, Without Fittings 
List, each S 

XS-5F, With Fittings 
List, per pair S 

These big low- loss bowls have 
an extremely long leakage 
path and a 51/4" flange for 
bolting in place. Insulation 
steatite. 



NATIONAL PARTS 
The SC-1, SC-2 and SC-3 are 
crystal mounting sockets for crystal 
holders with mounting pins spaced 
0.500", 0.486" and .750" respec-
tively and pin diameters of M6 .', 

and 31'3" respectively. Steatite Insula-
tion. Single 4-36 or 4-40 screw 
mounting for CS-1 and CS-2; single 
6-32 screw mounting for CS- 3. 
SC-1 List $ 
SC-2 List S 
SC-3 List S 

The AR-2 and AR-5 coils are high 
permeability tuned RF coils. The 

AR-2 coil tunes from 75 Mc. to 220 
Mc. with capacities from 100 to 10 
micro-micro-farads. The AR-5 coil 
tunes from 37 Mc. to 110 Mc. with 
capacities from 100 to 10 micro-
micro-farads. The inductive windings 
supplied may be replaced by other 
windings as desired to modify the tun-
ing range. 
AR-2 High Frequency Coil List S 
AR-5 High Frequency Coil List $ 

The XR-50 coil Forms may be wound 
as desired to provide a permeability 
tuned coil. The form winding length 
is ' 1,16 " and the form winding diameter 
is % inch. The iron slug is 9,1j " dia. by 

XR-50 List S 

The XOA Socket is a socket for the 
Miniature Button 7 Pin base tubes. 
Low loss mica filled bakelite insulation. 
Mounts with two 4-40 screws. 
Socket contacts extend axially from 
base of socket. 
XOA List S 

The XOR Socket is the same as the 
XOA Socket except that the contacts 
extend radially from base of socket. 
XOR List S 

The XOS tube shield is a two piece 
shield for the Miniature Button 7 Pin 
base tubes. The shield is available in 
three sizes corresponding to the 
1 1.i 2" and 2" tube body heights. 
The shield contains a spring which 
centers tube in shield and holds tube 
and shield firmly in place. The two 
4-40 spade bolts serve to mount the 
XOA or XOR Socket and the XOS 
tube shield. 

X05-1 For -we high tube body 
List S 

XOS-2 For -1w, high tube body 
List S 

X 0S-3 For 2" high body List S 

NATIONAL SHAFT COUPLINGS 

l i en 
TX-1 

1.111.11.0 

Ilree 
TX- 10 

TX-8 

- TX-2 

TX-1, Leakage path 1". 
List S 

TX-2, Leakage path 2". 
List $ 

Flexible couplings with glazed 
steatite insulation which fit Yt" 
shafts. 

TX-8 List S 
A non-flexible rigid coupling 
with steatite insulation. 1" 
diam. Fits Yt" shaft. 

TX-9 List S 
This small insulated flexible 
coupling provides high electri-
cal efficiency when used to 
isolate circuits. Insulation is 
steatite. 'Us" diam. Fits Yi" 
shaft. 

TX-10 List S 
A very compact insulated cou-
pling free from backlash. Insula-
tion is canvas Bakelite. 11/2 6" 
diem. Fits 1/4" shaft. 

TX-11 List S 
The flexible shaft of this cou-
pling connects shafts at angles up 
to 90 degrees, and eliminates 
misalignment problems. Fits Yi" 
shafts. Length 4Y1". 

TX-12, Length 4%" List S 
TX-13, Length 7%8" List S 
These couplings use flexible 
shafting like the TX-11 above, 
but are also provided with 
steatite insulators at each end. 



NATIONAL HRO-5A1 

DESCRIPTION 
The development of the National HRO-5A1 
Radio Receiver brings the famous HRO series to a 
new high in receiver performance. 
Items characterizing the HRO-5A1 Receiver are as 
follows: Two R.F. preselector stages; separate 
mixer and local oscillator tubes; two I.F. stages with 
a crystal filter employing phasing and selectivity 
controls; combined second detector AVC and 
second audio stage; first audio stage; double action 
limiter stage; audio output stage; C.W. oscillator 
with pitch control; and a signal strength meter 
Metal tubes, first used in the HRO-5, are also em-
ployed in the HRO-5A1. The Loud Speaker and 
Power Unit are separate units. The data listed be-
low indicates the versatility and the extremely high 
standards of performance to be found in the 
HRO-5A1. 

CONTROLS 
Main Tuning Dial: AVC Switch: B ON-OFF; 
Audio Gain; R.F. Gain; C.W. Oscillator Pitch 
Control ; Selectivity Control; Phasing Control; 
S-Meter Switch; Limiter Control. 

SPECIFICATIONS 
Frequency Range: 
The Frequency Range of the HRO-5A1 with the 4 
Coil Sets normally supplied is 1.7 — 30.0 MC. 
Each Coil Set covers the frequencies listed below: 

Coil Set General Coverage Bandspreed 
D 1.7 — 4.0 3.5 — 4.0 

3.5 — 7.3 7.0 — 7.3 
7.0 — 14.4 14.0 — 14.4 

A 14.0 — 30.0 28.0 — 30.0 

200 Cycles 
6.0 KC. 

' 

NATIONAL Coil Sets to cover the low frequency 
range of the receiver are available as follows: 
Type j 50 — 100 KC. Type F 480 — 960 KC. 
Type H 100— 200 KC. Type E 900 — 2050 KC. 
Type G 180— 430 KC. 

SELECTIVITY: 

Voltage Ratio 
Crystal Filter Out 

Nominal Bandwidth 
6 DB. 3.0 KC. 

60 DB. 21.5 KC. 
Crystal Filter In 

Max. Selectivity 20 DB. 
Min. Selectivity 20 DB. 

SENSITIVITY: 
The sensitivity of the HRO-5A1 is 1. microvolt or 
better throughout the normal frequency range. 

POWER INPUT: 
Using Type 697 Power Pack; 75 watts at 115 volts, 
50, 60 cycles, 1 phase AC. 

POWER OUTPUT: 
Maximum output 3 watts. Output with negligible 
distortion 1.5 watts. 

PRICES 
Table Model (with tubes & A,B,C,D coils) 

List $ 
Rack Model (with tubes & A,B,C,D coils) 

List S 
Table Model MCS Loud Speaker List 
Rack Model RFSH Loud Speaker List $ 
Table Model 697 Power Unit List $ 
Rack Model SPU-697 Power Unit List $ 
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NATIONAL HRO-5C 

Description 
The HRO-5C is a Deluxe Receiver Installation 

consisting of an HRO-5A1 Receiver with SPC 
Unit (power unit, coil container and loud-speaker) 
in a MRR Table Rack. Chromium-plated appearance 
strips and side trim strips are included. 

The HRO series of receivers is an honored 
product of the National Company. The HRO-5A1, 
newest and finest of these receivers, features a 
number of additional refinements among which are 
a new highly efficient noise limiter and a rede-
signed flexible crystal filter. Circuit revisions have 
been made to further improve the performance 

standards of this outstanding Receiver. For a de-
tailed description of the HRO-5A1 Receiver 
supplied on the HRO-5C Deluxe Installation, see 
page 18 in this catalog. 

HRO-5A1 Receiver, with tubes 
and A, B, C, D Coils List S 

SPC Unit Combination List S 

MRR Table Rack 24M" Panel 
Capacity List S 

HRO-5C Deluxe Receiver Corn-
bination List S 
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NATIONAL NC-2-40D 

DESCRIPTION 
Designed for the radio amateur; the NC-2-40D 
series of superheterodyne receivers are also suit-
able for general communications service in the 490 
to 30,000 KC. range. Calibrated electrical band-
spread tuning is provided for the 80, 40, 20, and 
10 meter radio amateur bands. Features included 
are a full vision, easy to read, calibrated dial with 6 
general coverage and 4 bandspread scales, a single 
tuning and band switching control knob, a stable 
high frequency oscillator circuit, a flexible crystal 
filter, a series valve noise limiter and an auxiliary 
numerical logging dial. These outstanding features 
phis conventional items such as a signal strength 
meter, phonograph or high level microphone pick-
up jack, an automatic volume control circuit, a beat 
frequency oscillator for CW reception, a tone con-
trol, a phones jack, and a 115-230 volt A.C. 
change-over switch provide the operator with a 
means for coping with a wide variety of receiving 
conditions and requirements. 

CONTROLS 
Band Tuning and Band Switching; R.F. Gain Con-
trol and Signal Strength Meter Switch; Audio 
Gain; B+ —ON/OFF; Selectivity; Limiter; Tone; 
CW Oscillator; A.V.C.; Phasing. 

SPECIFICATIONS 
Frequency Range: 

General Coverage: 
490 KC. to 30 MC. 

Band Spread: 
28 
14 
7 
3.5 

to 
to 
to 
to 

30 MC 
14.4 MC. 
7.3 MC. 
4 MC. 

Selectivity: 
Crystal Filter OFF 
Voltage Ratio Nominal Bandwidth 

6 DB   4.0 KC 
60 DB 22.0 KC 

Crystal Filter In — 20 DB Voltage Ratio 
Position 1   6.0 KC 

2.. 4.0 KC 
3 2.0 KC 
4 1.0 KC 
5. Max. Selectivity 200. Cycles 

SENSITIVITY 
Less than 1 microvolt input produces a 6 DB signal 
to noise ratio. 

POWER INPUT 
Approximately 70 watts; either 110- 120 or 220-
240 volts 50/60 cycle, 1 Phase A.C. A plug and 
socket is provided for convenient external battery 
connection as necessary for battery operation. 

POWER OUTPUT 
A 10,000 ohm output circuit delivers 8 watts with 
negligible distortion. 

PRICES 
Rack or Table Model (with tubes) List S 
Rack or Table Model Speaker List S 

21 



NATIONAL NC-46 
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DESCRIPTION 

The National NC-46 is a 105 to 130 Volt AC-
DC receiver which provides 3 watts of audio out-
put. The Receiver tunes the Broadcast and Short 
Wave bands and employs 10 tubes. Electrical 
bandspread is provided for vernier tuning. The cir-
cuit consists of a 6K8 converter-oscillator stage, 
two 6SG7 IF stages, 61-16 detector- limiter stage, 
6SF7 AVC Amplifier, 6SJ7 CW Oscillator, 6SC7 
Audio- Inverter, push-pull audio output stage with 
two 25LaGT tubes, and a 25Z5 Rectifier. 

CONTROLS 

Main Tuning Dial ; Bandspread Tuning Dial ; Sen-
sitivity Control; Volume Control; Tone Switch; C. 
W. Oscillator Switch; AVC Switch; Limiter 
Switch; Band Selector Switch; 6+ Switch and 
Power Switch. 

TERMINALS • 
On Rear Panel; Phone Jack; 6+ Terminals; 8 Ohm 
Spkr. terminals; Ant. Terminal; Fuse extractor post. 

SPECIFICATIONS 

Frequency Range: 

The Frequency Range of the NC-46 Receiver is 
540. Kc. to 30. Mc. covered in four bands. 

Band General Coverage Band Spread 
A 11 5 -30.0 Mc. 28.0-30.0 Mc, 40 dial div. 

14 0-14.4 Mc; 56 dial div. 
B 4.4 -12.0 Mc. 7.0- 7 3 Mc; 50 dial city. 
C 1.55 - 4.6 Mc. 3.5- 4.0 Mc; 70 dial div. 
D 0.540- 1.6 Mc. 
Sensitivity: 
Approximately 5 microvolts input provides a 50 
Milliwatt output over the entire range. 
Selectivity: 
The total bandwidth is approximately 4.5 Kc. at 6 
db. down and approximately 70 db. attenuation 10 
Kc. off resonance is obtained. 
Automatic Volume Control: 
The Receiver output with AVC operating varies 
less than ±4 db. with inputs ranging from 10 to 
100,000 microvolts. 

DIMENSIONS 
NC-46 Receiver: 9 7/16" high by 17 3/8" wide 
by 12 3/8" deep. 
Weight 32 lbs. 
NC-461S Speaker: 8 7/8" high x 10 7/16" wide 
x 7 1/2" deep. 
Weight 8 lbs. 

PRICES 
NC-46 Table Model Complete with Tubes 

List S 

NC-46TS Table Model Speaker List S 
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NATIONAL 1-10A RECEIVER 

The 1-10A is an improved superregenerative 
Receiver covering all wave lengths from 1 to 11 
meters. The 1-10A is designed for use in both 
Amateur and Commercial services and the natural 
advantages inherent in a superregenerative re-
ceiver make this one of the simplest and most re-
liable receivers for use on these wave lengths. 
This Receiver is suitable for the reception of voice 
and tone modulated code signals. The 1-10A is 
supplied in a table mounting model which through 
virtue of its compact size can be handily used for 
portable operations. 
The circuit of the 1-10A Receiver employs 4 

tubes and consists of one stage of tuned RF, a self-
quenching superregenerative detector trans-
former coupled to a first stage of audio which, in 
turn, is resistance coupled to a power output 
stage. Receiver controls are held to a minimum and 
include Audio Gain, Regeneration, RF Trimmer 
and Main Tuning Controls. Plug-in coil types are 
used to tune the frequency range of the Receiver 
in six tuning bands. The location of these coils in 
the receiver make them readily accessible for in-
terchanging. Tuning is accomplished by a two-
gang variable capacitor geared to a micrometer 
dial which reads directly from 0 to 500 and has a 
linear scale length of approximately 12 feet, re-
quiring ten revolutions to cover any one band. 
The scale length plus the vernier action of the 

Main Dial gives the operator the equivalent of 
continuous bandspread tuning on all bands. 

The 1-10A Receiver is designed for operation 
from National type 5886 Power Unit, all voltage 
dividers, etc., being built in so that but one B volt-
age lead is necessary. The 5886 Power Unit oper-
ates on 105-120 volts, 50-60 cps. This Power Unit 
furnishes 6.3 volts at 1.6 amperes to the heater 
circuit and 180 volts at 35 milliamperes to the plate 
and screen circuits. A 3 volt C battery, mounted in 
the receiver, is used to supply bias to the RF tube. 
The 1-10A Receiver may be operated from batter-
ies by connecting suitable batteries to the pins of 
the 4 prong power plug. 

Tubes 
RF Amplifier 
Detector 
First Audio 
Second Audio 

Price List 
1-10A keceiver, table model, complete with tubes 
and 6 sets of plug-in coils. List S 

5886 Power Unit, 105-120 volt, 50-60 cps. 
List S 

MCS 8" PM loud-speaker with impedance t msatch-
ing transformer. 

954 
955 
6J5 
6V6 
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NATIONAL CRU OSCILLOSCOPE 

CRU WITH THE 

Description 
The CRU Oscilloscope is a compact inexpensive 

instrument whose capabilities make it outstanding 
in its field. Amateurs and electronic experimenters 
will recognize this 2" scope as an indispensible 
item of equipment to guarantee the efficient oper-
ation of their stations. Put the CRU scope to work 
in your station and watch it: 

Measure Percentage Modulation. 
Check distortion, excitation, overmodulation, 

etc., by the Trapezoidal pattern method. 
Monitor RF and Audio circuits continuously 

while you are on the air. 
Test Audio and RF circuits where extreme 

sensitivity is not required. 
The circuit of the CRU is simple yet ample having 

a self contained power supply and controls for 
brilliancy and focus, a potentiometer for controlling 
the amplitude of the horizontal deflection as well 
as a built-in 60 cycle sweep. Approximately 100 
volts dc. will give a 1" deflection on the CRU 
screen. 

Tubes 
Cathode- Ray 
Rectifier 

2AP1-A 
6X5 

CRU-P PANEL 

Controls 

A.C. ON/OFF: the A.C. line switch. 
Intensity: A potentiometer controlling the bril-

liancy of the pattern. 
Focus: A potentiometer controlling the clarity 

of the scope image. 
Sweep: A potentiometer controlling the length 

of the pattern. 
"Ext."—"60 cycle": A two position switch, 
which when on " Ext." connects the hori-
zontal deflection plates to the horizontal 
terminal strip at the rear of the cabinet. In 
the "60 cycle" position the 60 cycle A.C. 
sweep is connected to the horizontal de-
flection plates. 

BSW: A pair of insulated beam switch control 
terminals permitting connection to a switch 
or relay so that a trace appears on the screen 
only during transmission periods. 

Prices 

CRU-Table Model Oscilloscope, Less tubes 
List S 

CRU-P Rack Panel and Control Plate (to rack 
mount CRU Oscilloscope) List S 

NATIONAL POWER SUPPLIES 
National Power Supplies are specially designed 
for high frequency receivers, and include efficient 
filters for RF disturbances as well as for hum fre-
quencies. 
686S, Table model (165 V., 50 MA.), for operation 
from 6.3 volts DC, with vibrator. List S 
SPU-686S Rack Model List S 

697 Table Model (240V., 70 Ma. and 6.3 V., 
3.4 A.), for operation from 115, 230 Volts, 50/60 
cps. A.C. List S 
SPU-697 Rack Model List S 
5886 Table Model (155 V., 50 Ma. and 6.3 V., 
2.5 A.) for operation from 115 Volt, 50 60 cps. 
A.C. List S 

SPU-686S, SPU-697 686S, 697, 5886 



MICRO SWITCH 
A DIVISION OF FIRST INDUSTRIAL CORPORATION 

Freeport, Illinois 

Branch Offices 

CHICAGO 6..308 W. Washington Street 

NEW YORK 17 101 Park Avenue 

CLEVELAND 3 4900 Euclid Avenue 

LOS ANGELES 14...1709 West 8th Street 

BOSTON 16 126 Newbury Street 

• 

The Precise, Small 
Lightweight, Sensitive 

Switch for 
Radio Applications 

Micro Switch precision snap-action switches 
have proved invaluable for applications that 
call for switching substantial amounts of 
power by a unit operating in a small space. 
Micro Switch products are important elec-
trical switching units for electrical mecha-
nisms that make change, package products, 
control temperatures, heat water, bottle 
fluids, limit machine tools, record airplane 
flights, control electronic tubes and perform 
thousands of other diversified electrical con-
trol functions. 

MICRO SWITCH Products 
Meet These Requirements 

Small Size . . . No larger than your thumb, 
the basic, plastic enclosed switch measures 
11/16" x 27/32" x 1 15/16". 
Light Weight . . . With pin-type plunger, the 
plastic enclosed switch weighs less than one 
ounce. 

Long Life . . . Patented three-bladed beryllium 
copper spring gives millions of accurate repeat 
operations. 

Small Operating Force ... Force required to 
operate the switch may be as little as one ounce 
. . . or as much as 60 ounces. 
Small Operating Movement ... Movement of 
the operating plunger may be as little as .0004'. 

Good Electrical Capacity . . . Switch is 
Underwriters' listed and rated at 1200 V.A. at 
125 to 460 volts a.c. 

A G I Purpose Basle Switch with panel mounting. 
This "MICRO- basic switch is handy and useful as a door 
switch, or as a manual or mechanical push button switch. The 
threaded stem, with two thin brass hex nuts and two steel lock 
nuts aids adjustable location with respect to the panel. The 
internal switch mechanism is protected from excessive over-
travel by a stop ring located near the tip of the plunger. This 
type switch proves both handy and useful. 

B. The "MICRO" V3-1 Small Precise Switch. For a 
switch that must perform in small quarters the -MICRO" V3-1 
switch is of a size to meet these requirements. Small but accurate 
and dependable the V3-I is provided with two mounting holes, 
one elongated to provide greater accuracy in locating. Flat 
bosses on side add to ease of stacking or grouping when require-
ments demand they be used that way. 

C. JV-5 Actuator for use with V3-1 Switch. The JV-5 
Auxiliary Actuator with roller is designed for rapid cam or slide 
actuation of the V3-1 switch. The frame is stainless steel with 
the oil-impregnated bronze bearing serving as the roller. 

D. The "MICRO" V3-12 Switch. Low torque features this 
switch which can be actuated with . 14 ounce-inches— prac-
tically a feather touch. Pretravel of the actuating arm is 20° 
maximum with overtravel 20° minimum. It also features high 
resistance to shock, and in addition has clean make and break 
without contact bounce. Being enclosed keeps out dust and 
dirt and assures trouble-free operation. Time-tested and proved 
dependability, based on experience gained in making millions 
of switches, gives users an assurance of freedom from trouble. 

\ ....Actuating wire not furnished. 
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TYPE 30 

TYPE C 

TYPE K 

TYPE A 

CHOOSE FROM 

Type 30 Sangamo Tubular Capa-
citors, molded in a thermo-set-
ting, smooth brown finish plastic 
material are permanently sealed 
against moisture resulting in low 
power factor, long life and suc-
cessful operation at higher am-
bient temperatures. 

Types C and K plain or silvered 
mica capacitors, members of the 
Sangamo quality mica family, in-
sure dependability and life in ra-
dio receiver and commercial low 
voltage applications requiring 
small capacitance values. 

Types A and H famous high 
quality Sangamo mica capacitors 
are precision built to provide con-
tinuous, dependable service in in-
dustrial and transmitting applica-
tions for which they are designed. 

TYPE H 

SANGAMO ELECTRIC COMPANY MIGNTM 
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THE Ça11QaØIC LINE 

Ever since SA NGAMO revolutionized the manufacture of mica 

capacitors by molding them in bakelite, our engineers have been 

continually striving to improve further the operating characteris-

tics of Scingamo Capacitors. 

Now, due to the congested condition of amateur bands, capaci-

tors that " stay put," thus eliminating frequency shifts, are more 

essential than ever before. 

The name " Sangamo," synonymous with 

quality, assures the amateur a greater op-

portunity of establishing and maintaining 

those all-important contacts. 

Type 71 Diaclor Impregnated 
Capacitors, while being com-
pact and light. are constructed 
to withstand rigorous contin-
ued service under all normal 
conditions. 

SANG4M0 
lé 401.1., 

6COWILD 
- 7108 Fin• 

,,, 

TYPE 71 

Type E Mica Capacitors are spe-
cially designed to provide the 
amateur with a low cost, high 
voltage unit capable of carrying 
large currents under intermittent 
operation. They are not recom-
mended for commercial applica-
tions. 

SANGAMO 

••• 

TYPE E 

CAPACOUR 

TYPE E 

Type 40 Capacitors, impregnated 
in diaclor, a chlorinated dielec-
tric, are ideal for use in high 
voltage filter applications and 
power supplies for short wave 
equipment. 

TYPE 40 
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UOR over a decade, Eimac tubes 
have led the field in performance_ 

the acid test of electronic equipment. 
Ultra- modern Eimac tubes provide 
maximum power and efficiency for 
today's equipment, and are ready and 

waiting for the needs of tomorrow. 
These pages contain basic data on 

many Eimac products. Complete 
information on any of these world-
famous Eimac tubes is yours for 
the asking. Write for it today! 

EIMAC TRANSMITTING TUBES 
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TYPES 

1:4 

TUBE 
PRICE 

!S
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25T 6.3 3 0 29 1 6 2.4 0.4 2500 M8-071 3G 4 38 I 43 2000 75 7 25 $ 6.00 

3C24 6 3 3 0 25 1 6 I 8 0.2 2500 M8-071 3G 4 38 1 43 2000 75 8 25 6.00 HR-1 MR-1 

35T 5.0 4 0 30 1 9 4 0 0 2 2850 M8-078 3G 5 5 1 81 2000 150 t5 50 7.00 MR-3 

35TG 5 0 4 0 30 I 9 1 9 0 2 2850 M8-078 2M 5 76 1 81 2000 150 15 50 8.00 HR-3 MR-3 

U H50 7 5 3 25 13 2 4 2 2 0 4 M8-078 2M 7 0 2.69 1250 125 13 50 15.00 HR-2 HR-2 

75TH 5 0 6 5 20 2 3 3 5 0 25 4150 M8-078 2M 7.25 2 81 3000 225 16 75 10.50 FIR-3 HR-2 

75TL 5 0 6 5 11 2 3 2 2 0 4 3350 M8-078 2M 7.25 2 81 3000 225 13 75 10.50 HR-3 HR-2 

2C39' 63 1 1 1 95 65 030 21.000 2.75 1 26 1000 100, 3 100 30.00 

100TH 5 0 6 2 40 2 0 2 9 0 4 5500 me-on 2M 7.75 3.19 3000 225 20 100 15.00 HR-6 HR-2 

100TL 5 0 6 5 12 2.3 2.0 0.4 2300 M8-078 2M 7.75 3 19 3000 225 15 100 15.00 HR-6 HR-2 

152TH 5 or 10 13 or 6 5 20 4.7 7.0 0.5 8300 500013 4I3C 7.63 2.56 3000 450 30 150 24.00 MR-5 HR-6 

152TL 5 or 10 13 or 6.5 11 5 0 4 8 0.8 7150 500013 4BC 7.63 2 56 3000 500 25 150 24.00 HR-5 HR-6 

3C37' 6 3 2 4 .. 3 50 4.25 0 60 8000 3 10 1 50 1000 150 45.00 

250TH 5 0 10 5 37 2 9 5 0 07 6650 50018 2N 10 13 3 81 4000 350 40 250 27.50 HR-6 HR-3 

250TL 5 0 10 5 13 3 5 30 0.5 2650 500113 20 10 13 3 81 4000 350 35 250 27.50 HR-6 HR-3 

304TH 5 or 10 26 or 13 20 9 4 14 0 I 0 16,700 5000B 4BC 7 63 3 56 3000 900 60 300 50.00 HR-7 HR-6 

304TL 5 or 10 26 or 13 11 10 0 10 0 1 5 16,700 500013 4BC 7 63 3 56 3000 1000 so 300 51100 HR-7 HR-6 

450TH 7 5 12 0 38 4 7 8 1 0 8 6650 500213 4AQ 12 63 5 13 6000 500 ea 450 70.00 HR-8 MR-8 

450TL 7 5 12 0 19 5.0 6 6 0 9 6060 500213 46Q 12 63 5 13 6000 500 65 450 70.00 HR-8 HR-8 

750TL 7 5 21.0 15 4 5 6 0 0 8 3500 500313 4B0 17.0 7 13 6000 1000 100 750 150.00 MR-8 MR-8 

1000T 7 5 16 0 30 4 0 6 0 0 6 9050 500411 4AQ 12 63 5 13 6000 750 80 1000 125.00 MR-9 HR-9 

1500T 7 5 26 0 24 7 0 9 0 1 3 10,000 50091 4E10 17 0 7.13 6000 1250 125 1500 200.00 MR-8 HR-9 

2000T lo 0 26 0 20 9 0 13 0 1.5 11,000 50068 4130 17.75 8.13 6000 1750 150 2000 250.00 HR-8 HR-9 

3X2500A3 • 7 5 48 20 20 48 1.2 20,000 9 0 4 25 5000 2000 125 2500 165.00 . 

0  4-125A 5 0 6.2 6 2 0.03 10 3 3 0 2450 5008B 5.89 2 72 3000 225 400 30 5 125 25.00 MR-6 
o 
in 4-250A 5 0 14 5 0.06 12 7 4 5 4000 500813 6 38 3.56 4000 350 600 50 5 250 36.00 MR-6 
se-
1.2 4 X500A • 5 0 12 2 0.05 11 1 3 75 5200 

EIMAC RECTIFIERS 

4 32 2 57 4003 300 450 30 5 500 85.00 

MERCURY VAPOR RECTIFIERS HIGH VACUUM RECTIFIERS 

866A 

(8661 

RX21A 

110-211 

872A 

'en,.Grid 

KY21A 
,KY-21 

Control. 

100-R 2-150A 

(152-R. 

2-150D 

(152- RA) 

250-R 

1. Filament Voltage  

2. Filament Current.... .... 

3. Peak Inverse Voltage  
4. Peak Plate Current .. . 

5. Average Plate Current . 

2.5 

5.0 amperes 
10,000 

1.0 amperes 

.25 amperes 

2 5 

10 amperes 

11,000 

3 amperes 

.75 amperes 

5 0 

7.5 amperes 
10,000 

5.0 amperes 

1.25 amperes 

2 5 

10 amperes 
11,000 

3 amperes 

.75 amperes 

5 0 

li 5 
40.000 

. . . . 

.100 amperes 

50 
13.0 

30,000 

.150 amperes 

5 0 
13.0 

30.000 

.150 amperes 

50 

10.5 

80.000 

. . . .. 

.250 amperes 

Price 51 . 75 58 00 S7 50 $10 00 $13 50 515 00 $15.00 $20.00 

EIMAC VACUUM CAPACITORS HEAT DISSIPATING CONNECTORS 

Type  VC6-20 VC12-20 VC25-20 VC50-20 VC6-32 VC12-32 VC25-32 VC50-32 Type Hole Die, Price HR-5 125 $ 80 

Capacity  6-mmfd 12-rnmfd 25-enmfd 50-mmfd 6-mmfd 12-rninfd 25-mmfd 50-mmfd HR-1 .052 $ 80 HR-6 360 80 

20 20 32-KV 32-KV 32-KV 32-KV HR-2 .0625 .60 MR-7 125 1 60 
Rating  
RF Peak 

20-KV 20-KV -KV -KV 
HR-3 .070 .60 HR-8 570 1 60 

Price  512.00 $ 13 50 $16.50 $20 00 $14 00 $16 00 $19.00 $22.50 HR-4 .1015 .80 HR-9 570 3 00 

EIMAC DIFFUSION PUMP EIMAC VACUUM SWITCHES 

1-IV- 1 DMus,. Pump TYPE GENERAL DATA PRICE 

VS Single double throw switch within a 512 00 

An air-cooled vacuum pump of the oil-diffusion type. Capable of reach- 
ing an ultimate vacuum of 4 a 10-1 mm. of mercury when used with • suitable me- 
chanical forepump. Speed twithout baffle) approximately 67 liters, second at 4 x 10, 
to 4 a 10, mm. 

PRICE 

ON 

APPLICATION 

-2.. pole 
high vacuum adaptable for high voltage 

Switch switching. Contact spacing h.i0g1h5 ' . 20Kv. 
will handle 84 potentials as as 
In DCswitching will handle approximately 
1.5 Arnps at 5 Kv. 

Eimer Pump Oil   
VS-1 Same as above except for slightly smeller 

glass tubulation. 
512 00 
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MILLEN MODERN PARTS 
MILLEN RADIO PRODUCTS are well designed MODERN r ‘RTS for MODERN CIRCUITS, 
attractively packaged, moderately priced, and fully guaranteed. They have been de-
signed with a view toward easy and practical application as well as efficient perform-
ance. For instance, the terminals are located so as to provide shortest possible leads, 
mounting feet are designed for easy insertion of screws and socket contacts, so that the 
solder won't run down inside them and make impossible the insertion of the tube, etc. 
Thus our slogan, "Designed for Application." Our general catalog is available for the 

asking either fr  your favorite parts supply house or direct from the factory. 

11000, 12000, 13000. 14000 SERIES (CONDENSERS 

1)77" air gap is for 3000 volt peak rating 

MILLEN TYPE 

Code Capactty per side 
Air Gap 

Volume A cl 

Max. Min. Rating Price 

11035 
11050 
11070 
13035 
13050 
13070 
14290 
14100 
14050 
14060 

36 
51 
74 
35 
49.5 
71 

204 
90.5 
50 
60 

4.6 
6.5 
9.5 
4.9 
6.3 
7.3 

111.7 
12.9 

.077" 

.077 

.077 

.077 

.077 

.077 

.077 

.171 

.171 

.265 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
6000 
6000 
9000 

$6.90 
7.14 
7.80 
4.56 
5.20 
5.88 
14.00 
12.00 
7.211 

12.00 

CONVENTIONAL SINGLE SECTION TYPE 

Code 
Capacity per section 

Air Gap leln" On X" 
Mtn. Max.  Plates Mice 

12935 
12936 
12536 
12551 
12576 
12510 
12515 

9 
9 
6 
7 
9 
12 
18 

3 
37 
43 
55 
76 

101 
151 

.116" 

.176 

.077 

.077 

.077 

.077 

.077 

Polished 
Plain 
Plain 
Plain 
Plain 
Plnin 
Plain 

34.32 
3.90 
2.40 
- 2.70 
3.00 
3.60 
4.50 

CONVENTI( NAL DOUI LE SE) TIoN TYPE 

Code Capacity per section 
Air Gap Finish on Net 

Ann. Max. Plates Price 

12035 
12036 
12050 
12051 
12075 
12076 

6 
6 
7 
7 
9 
9 

43 
43 
55 
55 
76 
76 

.077" 

.077 

.077 

.077 

.((77 

.077 

Polished 
Plain 
Polished 
Plain 
Polished 
Plain 

$4.32 
3.90 
5.10 
4.32 
5.61 
5.40 

JAMES MILLEN 
MAIN OFFICE 

Code Description Net Price 

1000f) Worm Drive Unit $4.51) 
10001 Drum Meter Dial-0-100 1.85 
10007 1 % " Nickel Silver lust. Dial-0-1110 .611 
10008 334" Nickel Silver Inst. Dial-0-100 1.011 
10050 Dial Lock .45 
10060 Shaft Lock( or 3,'," Shafts .36 
10061 Shaft Lock .36 
10065 Vernier Drive Unit .36 
151811 Neutral Condenser 0.7-4.3 .90 
150112 Neutral Condenser 0.5-13.5 1.05 
, -,003 Neutral Condenser 1.5-8.5 .90 
15005 Neutral Condenser :3.4-14.6 2.00 
151106 Neutral Condenser 2.8-9.1 3.01) 
20015 Steatite Ultra Midget 15 mmfd SS .75 
20035 Steatite Ultra Midget 35 mmfd SS 1.00 
20050 Steatite Ultra Midget 50 mmfd SS 1.20 
20100 Steatite Ultra Midget 100 mmfd SS 1.50 
20920 Steatite Ultra Midget 20 mmfd DS 1.21) 
20935 Steatite Ultra Midget 35 mmfd Ds 1.41) 
21050 Steatite Ultra Midget 50 mmfd SS 1.75 
21100 Steatite Ultra Midget 101) mmfd SS 1.90 
21140 Steatite Ultra Midget 140 mmfd SS 2.10 
21935 Steatite Ultra Midget 35 mmfd DS 1.90 
22075 Steatite Midget 75 mmfd SS 1.32 
22100 Steatite Midget 100 mmfd SS 1.38 
22140 Steatite Midget 140 mmfd SS 1.62 
22915 Steatite Midget 15 mmfd DS 1.20 
22935 Steatite Midget 35 mmfd DS 1.30 
22950 Steatite Midget 51) mmfd DS 1.50 
23075 Steatite Dual Midget 75 mmfd per sec-

tion SS 2.60 
23100 Steatite Dual Midget 100 mmfd per sec-

tion SS 2.50 
23925 Steatite Dual Midget 25 mmfd per sec-

tion DS 2.25 
23950 Steatite Dual Midget 50 mmfd per sec-

tion DS 2.50 
24100 100 mmfd per section. Single spaced 2.7:, 
24935 35 mmfd per section. Double spaced 2.7:, 
26025 3.2-25 Air Padder .96 
26050 4-50 Air Padder 1.1o. 
26075 4.3-76 Air Pechter 1.211 
26100 5-97 Air Padder 1.32 
26920 4.5-20Air Padder 1.40 
26935 5.5-36 Air Padder 1.50 
27030 30 mmfd Mica Padder .21 
30001 Standoff, h x 1%, QuartzQ .15 
30002 Standoff, h a 2%. Quarte/ .21 
30003 Standoff. % x 2%, Quarte/ .55 
30004 St andoft% a 4 h. Quarte/ .65 
31001 Standoff, h xi. Isolantlte .20 
31002 Standoff, h x 2 h. Isolantite .27 

AND FACTORY 



55000 

34102 

41, 

e1L1-4'' 
34225 

33991 1 

33888 

37105 37104 

4100 

32103 32101 moo 32102 

36001 
leihr lee 
see Mho 

32150 
33105 

DESIGNED for APPLICATION 

Code 

1003 
1004 
1011 
11012 
11013 
41014 
41015 
12100 
12101 
12102 
12103 
12150 
42201 
12300 
13002 
430(14 
1:11105 
13006 
3007 
:0)08 
3(187 
3102 
3105 
13202 
13307 
33407 
33S88 
33991 
34010 
34100 
341(11 
341(12 
34140 
34154 
342111 
34225 
34240 
34285 
34800 
35151 
36001 
36002 
37001 
37104 
372(42 
3721) 
37222 
37302 

373(15 
37306 
37501 
38001 
38501 
39001 
39002 
39003 
39005 
39006 
40205 
40305 
41205 
41305 
43001 
43011 
43021 
43041 

Description Nei Price 

Standoff, u X 2. Isolantite 
Standoff, x 344, Isolantite 
Cone. H x H, Steatite 
Cone, 1 x I, Steatite 
Cone, 14,1 x I. Steatite 
Cone. 2 x I. Steatite 
Cone. 3 x 1H. Steatite 
Steatite Bushing for H" hole 
Steatite Bushing for H" hole 
Steatite Bushing for " hole 
Steatite Bushing for 4," hole 
Isolantite Thru-bushing. for 44" hole 
Steatite Bushing and Hardware 
Isolantite Bushing 
Crystal Socket 
4 Prong Socket 
5 prong Socket 
6 Prong Socket 
7 Prong. Large, Socket 
8 Prong. Octal, Socket 
Base Clump for 807 eta. 
Crystal Socket 
Acorn Socket. QuartzQ 
Crystal Socket 
Socket, Midget 9000 Series with Shield 
Socket, Midget 9000 Series lee Shield 
Aluminum Shield for 33008 
Socket for 991 etc. 
Shielded M II receiving 
Universal 2.5 M H 
Universal 2.5 Sill. less Standoff 
Commercial type 2.5 M 11 
Universal air Core Transmitting 
Transmitting Choke 
General Purpose RFC MIL 
General Purpose RF(' 25 Mil 
General Purpose RFC 4)) SIR 
General Purpose RFC 85 MII 
Interruption Frequency Oscillator Coil 
Steatite Antenna Insulators 
Ceramic Plate Cap. 9/16" for 866 etc. 
Ceramic Plate Cap. 4,3" for 807 etc. 
Black Bakelite Safety Terminal 
Four Terminal, Black Bakelite 
Steatite Plates. Pr. 
Bracket 
Terminal Posts . Pr. 
Two Terminal, Steatite 
Three Terminal. Steatite 
Four Cerminal. Stuâtite 
Five Terminal. Steatite 
Six Terminal, Steatite 
Low Loss Mica Bakelite Safety Terminal 
Isolantite 3/16" ( 4.1). Beads ( Pk of 50) 
100 Beads. 5/16" die_ Quartz() 
Truly Flexilile Isolantite 
Conventional 
Solid Brass N.P. 
Universal Joint. Non-Insulated 
Slide Action 
Midget Plug 
Intermediate size plug 
Midget Socket 
Intermediate size socket 
Quartz() blank form and plug 

Midget coils for each 
band. Mounted on No. 40205 

5.30 
.42 
.10 
.21 
.27 
.42 
.45 
.30 
.35 
.20 
.45 
.05 
.75 

1.80 
.25 
.27 
.27 
.27 
.34 
.27 
.30 
.25 
.90 
.25 
.65 
.45 
.18 
.45 
.75 
.36 
.30 
.36 

1.00 
1.50 
.60 
.75 
.75 

1.25 
1.20 
.30 
.21 
.21 
.41) 
.60 
.30 
.15 
.40 
.60 
.70 
.81) 
.90 

1.00 
.55 
.30 
.60 
.36 
.36 
.21 
.36 
.36 
.24 
.45 
.30 
.45 
.90 
1.25 
1.25 
1.25 

JAMES MILLEN 
MAIN OFFICE 

Code Deccriptlati Net Price 

43081 plug. No. I at end of code means 61.25 
44000 Quartz() form 14)" dia. X 3 's" .75 
44001 Quartz() blank form and plug 1.20 
44005 1.50 
44(110 1.50 
44020 1.50 
44(140 "100 watt" coils 1.50 
44080 for each band. Mounted on 1.90 
445011 swinging link and socket 1.75 
45000 Coll Form, I" die. no p.. low loss mica 

base Phenolic .35 
45004 Coil Form, 1" dia. 4 p., low loss mica 

base Phenolic .45 
45005 Coil Form. I" dia. 5 p.. low loss mica 

base Phenolic .45 
45500 Coil Form. 43" die.. Steatite .45 
46100 Coil Form. I H" dia, no p.. Quartz() .45 
47001 Coil Form. ( i)" tile_ Quartz() .10 
47002 ('4411 Form. ' n" ( 11a., Quartz() .15 
47003 Coil Form. "." dia.. Quartz() .35 
47004 Coll Form. ".i " dia.. Quartz() .45 
55(0)1 Sheet. 3 x )4H x . 1. (≥uartz() .45 
580(11 Coil Dope. 2 oz.. Quartz() .50 
59001 Panel Marking Decalcomania Kit 1.25 
59002 Decalcomania Kit - Black 1.25 
69041 Ultra-High Coil Form .60 
74001 Permeability Tuned Shielded Form 1.85 
74002 Untuned Shielded Form 1.50 
74400 Octal liase and Shield .75 
77083 "83" flash Filter 250M A 1.00 
77866 "866" IIash Filter 50014IA 1.25 pr. 
77872 "872" lia.sh Filter 1.40 pr. 
79020 14nic Band Wave Trap .90 
79040 7mc Band Wave Trap .90 
79080 3.5mc Band Wave Trap .90 
79160 1.7mc Band Wave Trap .90 

Air Trimmed 

60454 456 Diode Air ('ore 4.50 
60455 456 Interstage ( 1) Air ('ore 4.50 
60456 456 Interstage ( 2) Air core 4.50 

60501 5000 Interstage (2) Mr ( ore 4.50 
60502 5000 I)I(ide Mr Core 4.50 
60503 5000 FM Interstage Mr Core 4.50 
6(1504 MOO I. NI I lise Air( ore 4.5)) 
62161 1600 Interstage Iron 4'ore 4.50 
62162 160(1 Diode Iron Core 4.50 
62454 456 Diode Iron ('ore 4.50 
112456 456 liaterstage Iron Core 4.50 
63163 1600 1414) A ir ( ' ore 4.50 
63456 456 BF() Air Core 4.50 
63503 5000 BF() Air Cure 4.50 

Permeability Tuned 

64454 456 Diode (2) 2.25 
64426 456 Interstage (2) 2.25 
65456 456 BF() 2.25 
70721 Complete set of four Wavemeters, In case 4.0(1 
9)1601) Retrofit 18.00 
906(15 Range 2.8 to 9.7 me. Waverneter 4.50 
90606 Range 9.0 to 28 mc. Wavemeter 4.50 
90607 Range 26 to 65 me. Wavemeter 4.50 
906(18 Range 50 to 140 %Vavemeter 4.50 

MFG. CO., INC. 
AND FACTORY 
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WITH THE FEDERAL SELENIUM RECTIFIER 

-FIRST OF ITS KIND IN THE INDUSTRY! 

RADIO HAMS: Here's a new component for your 
sets—a dry-plate rectifier to use in place of the con-
ventional rectifier tube. It will give your radio re-
ceivers new performance, instant starting, longer 
life. In every way, Federal's miniature Selenium 
Rectifier makes the ideal power supply for all 
AC-DC sets and it has been adopted as a standard 
component by many leading radio manufacturers. 

Among its many other diversified applications are: 
—vibrator power supplies, television sets, phono-
graph combinations, heating lamps, door chimes, 
electric train accessories, scientific research appa-
ratus, stethoscopic and bacteriological equipment, 
measuring, intercommunications and electrical musi-
cal instruments and other electronic devices. 

These rectifiers can be obtained from your dealer or 
direct from Federal Telephone and Radio Corpora-
tion, Newark 1, New Jersey. Price $ 1.60 each net. 
Send $ 12 for standard package of twelve units. 
Write to Dept. F1065 for complete technical litera-
ture on how to apply rectifiers. 

Replacement for these Tubes: 
5T4 5Z3 5Y3 6X5 6Y5 3Y4 2516 35Z4 50Y6 II7Z6 
51J4 5W4 5Y4 014 615 1213 35W4 3515 5017 0Y4 
5114 5X4 .514 80 1215 2515 3513 3516 llIZ3 

Electrical Characteristics: 
Maximum RMS Voltage   . 130 Volts 
Maximum Inverse Voltage   380 Volts 
Maximum Peak Current   . 1200 ma. 
Maximum RMS Current   • 325 ma. 
Maximum DC Output   . 100 ma. 
Approximate Rectifier Drop ..... 5 Volts 

110113.25 

Ileeenenended eq.c.:r.;.81:113e •o9° 

11.-1 fled:tots esis10,9 ‘e e  
be 2.5 te ISO 41,0•4 as leg 

4.414.04 .0` se' 

Federal Telephone and Rai& Corporation 
In Canada t—f offered Electric Manufacturing Company, Ltd., Montreal. 
Export Dittrle — International Stonderd Electric Corp. 07 Sroad St., N.Y.C. 

Newark 1, 

New Jersey 
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' URNER 

Faithfully Reproduce 

Your Complete Messages 

These famous microphones, priced within the range 
of every amateur, amplify all vibrations received 
by the diaphragm without adding any of the har-
monics to assure clear, sharp communications with-
out distortion. You can rely on Turner under all 
climatic and acoustic conditions. 

22X 
22D 

22X Crystal is tops 
in performanre. Re-
produces clean and 
sharp. Smart engi-
neering cuts feed-
back to minimum. 

Tilting head and removable 7-foot cable set. 
Built-in wind-gag permits outdoor operation. 
Crystal impregnated against moisture. Au-
tomatic barometric compensator. Chrome type 
finish. Level -52 DB. Range 30-7,000 cycles, 

22D Dynamic is identical in appearance with 
22X but has high level dynamic cartridge. 
Dependable indoors or out. Output -54 DB. 
Range 30-8,000 cycles. 200 or 500 ohms or 
high impedance. 

Han-D 

Hang i t, hold it, use it on desk or 
floor stands. Han-D does the job of 
several mikes. Available as 9X 
Crystal, in brushed chrome finish, 
Level - 48DB, or 9D Dynamic in 
brushed chrome or gunmetal. Level 
-50DB, 200 or 500 ohms or hi-
impedance. 

33D Dynamic 
33X Crystal 

The full satin chrome 
finish of 33D Dy-
namic adds class to 
any rig. 90 tilting 
head gives semi- or non- directional pick-up. Output 
level -54DB. Range 40-9,000 cycles. Ruggedly built 
for recorder or P.A. work. Built in transformer free from 
hum pick-up. Available in 200 or 500 ohms or high im-
pedance. 33X Crystal same appearance as 33D. Level 
-52DB. Range 30-10,000 cycles. 

211 
DYNAMIC 

No. 211 is a Rugged Dynamic utilizing a new 
type magnet structure and acoustic network. 
The high frequency range has been extended 
and the extreme lows have been raised 2 to 
4 decibels to compensate for overall defi-
ciencies in loud speaker systems. Unique 
diaphragm structure results in extremely low 
harmonic and phase distortion without sacri-
ficing high output level. Tilting head, bal-
anced I ine output connection. Chrome or gun-
metal finish. 

NEW TURNER 
CHALLENGERS 

Plus Performance at Low Cost 

Model CX Model CD 
Crystal, in rich brushed 
chrome finish, with 7 

foot removable cable 
set using Amphenol 

connectors. Level -52 
DB. Ronge 50-7,000 

Cycles. 

Medal BX 
Crystal mike for record-
ing, P.A. and ham work. 
Bronze enamel finish. 
Level-52 DB. Range 50-
6,000 cycles. An excel-
lent unit. With 7 foot 
cable. 

Dynamic, same style 
and finish as CX, with 
removable 7 foot 
cable set. In 200-250 
ohms, 500 ohms or hi-
impedance. Level -52 
DB. Range 50-7,000 
cycles. 

Model BD 
Dynamic, same finish as 
BX. Works indoors or out. 
Level -52 DB. Range 
50-6,000 cycles. 200-
250 ohms, 500 ohms or 
high impedance with 7 
foot cable. 

FREE Turner Microphone Catalog with complete information and 
prices on Turner Microphones. Write for your free copy. 

Crystals Licensed Under Patents of The Brush Development Co. 

THE TURNER CO. 
CEDAR RAPIDS, IOWA 
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$250" 
Amateur Net 

Greatest continuous frequency 
coverage of any communications receiver 
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From 540 Ile. to 110 Mc. AM • FM • CW 

In the Model SX-42 Hallicrafters sets a 
new high standard of receiver perform-
ance and versatility. Covering all fre-
quencies from 540 kilocycles to 110 
megacycles, the SX-42 combines in one 
superbly engineered unit a top-flight 
standard and VHF communications re-
ceiver: standard, short-wave and FM 
broadcast receiver, and high fidelity 
phonograph amplifier. 
The tremendous frequency range of 

the SX-42, greater continuous coverage 
than has ever before been available in a 
receiver of this type, is made possible by 
the development of a new "split-stator" 
tuning system and the use of dual inter-
mediate frequency transformers. Re-
ception of amplitude modulated and 
continuous wave telegraph signals is 
provided for throughout the entire range 
of the SX-42. In addition, a discrimina-
tor and two limiter stages are available 
on bands 5 and 6 ( 27 to 110 megacycles) 
to permit the reception of frequency 
modulated signals. Musical reproduction 
of true high fidelity is assured by an 
audio system with a response curve 
essentially flat from 60 to 15,000 cycles 
and an undistorted output of eight watts. 
The controls of the SX-42 are ar-

ranged for maximum convenience and 
simplicity of operation. MAIN TUNING and 
BANDSPREAD knobs are mounted co-
axially, focusing the tuning functions 
in a single precision-built unit. BAND-
SWITCH and VOLUME are located at either 
side of the main dial. Auxiliary controls 
such as CRYSTAL PHASING, SENSITIVITY, 

etc., are logically placed so that those 
most frequently ufer.1 Ire in the Mile 
accessible positions. Hallicrafters new 
system of color coding makes it possible 
for the entire family to enjoy this fine 
receiver. The normal control positions 
for standard broadcast reception are in-
dicated by tiny red dots while FM ad-
justments are in green. 
The main tuning knob is provided 

with a precision vernier scale which is 
separately illuminated through a small 
window in the one-piece Lucite main 

dial housing. The main tuning dial is 
calibrated in megacycles and is marked 
with the numbers in the new FM band 
of 88 to 108 megacycles. The bandspread 
dial is calibrated for the amateur 3.5, 7, 
14, 28, and 50 megacycle bands. An addi-
tional logging scale is provided on this 
dial for use in other ranges. The small 
locking knob mounted coaxially with 
the main and bandspread tuning knobs 
permits either to be rotated freely while 
holding the other firmly in position. 

The many new and ingenious circuit 
features which make possible the amaz-
ing versatility of the SX-42 stem di-
rectly from Hallicrafters long experi-
ence in the design and production of 
VHF and UHF communications equip-
ment.The newly developed "split-stator" 
tuning system used on the three higher 
bands provides a far greater gain per 
stage than is possible with older meth-
ods. Each IF transformer contains wind-
ings for both 455 kilocycles and 10.7 
megacycles and the changeover is ac-
complished automatically between bands 
4 and 5. As band 4 runs to 30 megacycles 
and band 5 starts at 27 megacycles it is 
possible to use either narrow-band 
standard communications receiver per-
formance or wide-band FM perform-
ance on the amateur frequencies from 
28 to 29.7 megacycles. A type 7A4 tube 
functions as a beat frequency oscillator 
for CW reception. When the receiver is 
switched to FM, however, this tube be-
comes a direct current amolifier to oper-
ate the FM tuning meter.This meter per-
forms as a normal carrier level indicator 
for AM reception. A four position 
switch on the panel selects the desired 
mode of operation— PHONO, FM, AM 
or CW. 

In addition to its many new features 
the SX-42 continues all of the time-tried 
advantages characteristic of Hallicrafters 
top models. Freedom from "drift" and 
maximum stability are provided by tem-
perature compensation and the use of a 
type VR-150 voltage regulator tube. 

hallicrafters RADIO 
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Designed to 
function at a 
new high peak 
of high 
frequency 
efficiency 

A crystal filter circuit combined with variable interme-
diate frequency channel width offers six different 
degrees of selectivity on the four lower bands (to 30 
megacycles). CRYSTAL PHASING, CW PITCH, SENSITIVITY, 
and four position TONE control for LOW, MED, HI FI, and 
BASS, are all conveniently placed on the front panel as 
are RECEIVE/STAND-BY, NOISE LIMITER, and AVC switches. 
The beauty and modern functional styling of this 

new receiver are self evident. Without in any way 
detracting from the "precision instrument" appearance 
which characterizes fine communications equipment, 
Hallicrafters designers have succeeded in creating a 
receiver which is not out of place in the most luxurious 
surroundings. The rich deep gray of the panel, satin 
chrome "airodized" top, and light gray lettering with 
touches of red and green combine with the precision-
tooled controls and light translucent green of the illu-
minated dials and meter in a harmoniously integrated 
whole. 
Note in closeups at left the compact efficiency of the 

concentrically mounted main tuning and bandspread 
controls and the precise, logical grouping of the other 
dials. 
A finishing touch is furnished by the instrument type 

adjustable base, available as an accessory. By simply 
turning the knurled rim of the front support the re-
ceiver can be tilted to provide an "eye-angle" view of 
the dials for maximum accuracy and ease of tuning. 

Extraordinary rersatility... 

Features every ham titi nix 

CONTROLS: BAND SELECTOR. MAIN 
TUNING,BANDSPREAD,and selective DIAL 
LOCK, VOLUME and POWER OFF, AVC, 
NOISE LIMITER, RECEIVE/STANDBY, SE-
LECTIVITY, TONE, SENSITIVITY, CRYS-
TAL PHASING, RECEPTION, CW PITCH. 
"S" meter adjustment on rear of chassis. 

EXTERNAL CONNECTIONS: Antenna 
connections for doublet or single wire an-
tenna. Input impedance matches 300 ohm line 
except on broadcast band which is designed 
for use with ordinary single wire antenna. 
Output terminals to match 500 or 5000 ohm 
speaker. Phone jack on front panel. Phono-
graph input connector on rear of chassis. 
Socket for use of external power supply. Re-
mote standby switch connections provided for 
in power socket. Power cord and plug. 

PHYSICAL CHARACTERISTICS: The 
Model SX-42 is housed in a steel cabinet of 
true functional design. Panel and chassis are 
assembled as a unit and may be removed for 
servicing or for mounting in a relay rack. 
Panel is finished in deep gray, top of cabinet 
is of "airodized" steel finished in satin chrome 
and swings open on a full length piano hinge 
for maximum accessibility. Main dial housing 
is a single piece of Lucite fabricated by an 
injection molding process. Panel lettering is 
in light gray with incidental red and green 
markings for standard AM and FM reception. 
Dials are a light translucent green and are 
indirectly illuminated. 

FIFTEEN TUBES: 1-6AG5 1st RF ampli-
fier; 1-6AG5 2nd RF amplifier; 1-7F8 con-
verter; 1-6SK7, 1st IF amplifier; 1-6S07, 
2nd IF amplifier; 1-6H6 AM rectifier and 
noise limiter; 1-7H7 1st FM limiter amplifier; 
1-7H7 2nd FM limiter; 1-6H6 FM discrimi-
nator; 1-6SL7 audio inverter; 2-6V6 audio 
output tubes; 1-7A4 beat frequency oscillator 
and FM tuning meter amplifier; 1—VR-150 
voltage regulator; 1-5U4G high voltage rec-
tifier. 

OPERATING DATA: The standard Model 
SX-42 is designed for operation on 105-125 
volts 50/60 cycle alternating current. The 
universal Model SX-42U may be operated on 
110, 130, 150, 220 or 250 volts, 25 to 60 cycle, 
alternating current. The standard model 
draws 0.93 amperes at 117 volts. When oper-
ated from batteries through the auxiliary 
power supply socket it requires 5 amperes at 
6 volts DC for heater current and 150 milli-
amperes at 270 volts DC for plate current. 
Total battery current when operating from a 
6 volt battery and using a vibrapack as a 
source of plate power is 16 amperes. 

DIMENSIONS: Model SX-42. Cabinet only, 
20 inches wide by 93/4 inches high by 16 inches 
deep. Overall, 20 inches wide by 101/4 inches 
high by 18 inches deep. 

WEIGHT: Model SX-42. Receiver only, ap-
proximately 52 pounds. Packed for shipment, 
approximately 65 pounds. Model B-42. Ad-
justable base, packed for shipment, approxi-
mately 5 pounds. 
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SX-42 FEATURES 

1. Continuous frequency range - 540 kilo-
cycles to 110 megacycles in six bands. 
Band 1-540 to 1620 kilocycles. 
Band 2-1.62 to 5 megacycles. 
Band 3-5 to 15 megacycles. 
Band 4-15 to 30 megacycles. 
Band 5-27 to 55 megacycles. 
Band 6-55 to 110 megacycles. 

Adequate overlap is provided at the ends 
of all bands. 

2. Wide vision main tuning dial accurately 
calibrated. 

3. Separate electrical bandspread dial cali-
brated for amateur 3.5, 7, 14, 28, and 50 
megacycle bands. 

4. Beat frequency oscillator functions 
throughout entire range of receiver. CW 
pitch adjustable from panel. 

5. Four-position switch selects mode of op-
eration, PHONO, FM, AM, or CW. 

6. RECEIVE/STANDBY switch. 
7. Series type automatic noise limiter. 
8. Push-pull final audio stage delivers over 
8 watts with less than 8% harmonic dis-
tortion. 

9. Audio amplifier response curve is essen-
tially flat from 60 to 15,000 cycles. 

10. Red markings for broadcast reception and 
green markings for FM reception simplify 
operation for general use. 

11. Connections for coordinated operation 
with Hallicrafters transmitters. 

12. Separate SENSITIVITY (RF) and VOL-
UME (AF) controls. 

13. Four-position tone control provides LOW, 
MED, HI FI, and BASS. 

14. Special socket for use of external power 
supply. 

15. High frequency oscillator temperature 
compensated to reduce drift. 

16. "Micro-set" permeability adjusted coils 
in RF section. 

17. AVC switch. 

18. "Airodized" steel top provides full ven-
tilation and swings open on full length 
piano hinge for greatest accessibility. 

19. Wide band FM, AM or CW available from 
27 to 110 megacycles. 

20. Six-position selectivity switch with crys-
tal filter operates on frequencies between 
540 kilocycles and 30 megacycles. 

21. Combination carrier level meter and FM 
tuning indicator. BFO tube performs dual 
function as FM tuning indicator amplifier. 

22. New FM band marked with channel num-
bers in addition to megacycle calibration. 

23. Dual intermediate frequency transform-
ers. 455 kilocycle IF for standard opera-
tion, 10.7 megacycle IF for VHF and FM 
operation. 

24. "Split-stator" tuning makes possible su-
perior performance in VHF range. 

25. Chassis and panel can be removed as a 
unit for rack mounting. 

26. Crystal phasing control. 
27. Antenna input impedance matches 300 

ohm line. 
28. New Hallicraf tars Type HA-6 crystal used 

in crystal filter circuit. Holder of Mycalex, 
non-hygroscopic and unaffected by tem-
perature. 

29. Two limiter stages for maximum quieting 
on FM. 

30. Two tuned RE stages using miniature 
tubes for superior Vie performance. 

31. Phonograph input connections on rear of 
chassis. 

32. Type VR-150 voltage regulator tube pro-
vides maximum stability in high fre-
quency oscillator, converter, BFO, and 
FM tuning meter circuits. 

33. MAIN and BANDSPREAD tuning con-
trols and dial lock are mounted coaxially 
as a single precision-built unit. 

34. Main tuning knob provided with preci-
sion vernier scale, separately illuminated 
through small window in one-piece Lucite 
dial housing. 

NEW SPEAKERS TO 
MATCH THE NEW MODELS 

111111111 

The R-42 and the R-45 (the rack mounting 
version of the R-42) represent one of the 
greatest innovations in speaker design in re-
cent veers This ic tho fire rrankor of its aim  
to offer the splendid advantages of the bass 
reflex principle. Now in this sleek, highly 
functional design, matching the new line of 
Hallicrafters receivers, the bass reflex feature 
is available in a compact speaker that offers a 
new high quality of reproduction. The speaker 
size is 8 inches. Two position switch on front 
panel for communications or high fidelity re-
ception. Terminals on rear for 500/600 ohm 
line. R-42, size: 121/2 " deep, 113/4" high, 17' 
wide. R-e, size: 121/2 " deep, 123/4" high, 19' 
wide. 
11.42 Speaker . $25.00 R-45 Spine*, . • $27.54 

AU pricer Antater• Net 
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Function, beauty 
combined in 
an outstanding 
value... 

Model SM-10 
"S" Meter 

This new external 
"S" meter is avail-
able as an accessory 
and can be easily 
connected through a 
special socket on the 
rear of the receiver 
chassis. May also be 
used with other Hal-
licrafters models such 
as the S-20R, S-16, etc. 

FEATURES 

Many circuit refinements never before avail-
able in this price class. 
1. Overall frequency range — 540 kilocycles 

to 43 megacycles in 4 bands. 
Band 1-540 to 1700 kilocycles. 
Band 2-1.7 to 5.35 megacycles. 
Band 3-5.35 to 15.7 megacycles. 
Band 4-15.7 to 43 megacycles. 

Adequate overlap is provided at the ends 
of all bands. 

2. Wide vision main tuning dial accurately 
calibrated. 

3. Separate electrical bandspread dial, in-
ertia flywheel tuning. 

4. Beat frequency oscillator, pitch adjustable 
from front panel. 

5. CW/ANI switch. 
6. Standby/receive switch. 
7. Automatic noise limiter. 
8. Maximum audio output-21/2 watts. 
9. Internal PM dynamic speaker held in 

rubber shock mounts. 
10. Red markings for broadcast reception 

simplify operation for general use. 
11. Connections for coordinated operation 

with Hallicrafters transmitters. 
12. Separate SENSITIVITY (RF) and VOL-

UME (AF) gain controls. 
13. Three-position tone control. 
14. Special socket permits use of external 

auxiliary power supply. 
15. High frequency oscillator temperature 

compensated to reduce drift. 
16. "Micro-set" permeability adjusted coils 

in RF section. 
17. AVC switch. 
18. Exceptional accessibility of all parts due 

to new cabinet design. 
19. Socket for connection of Model SM-40 

"S" meter. 
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e. to 43 Mc. I * 540 to 1700 ke. * 5.35 to 15.7 Me. 

* 1.7 to 5.35 Me. * 15.7 to 43 Me. 

The sensational new S-40 with the finest 
performance ever presented in the pop-
ular price field is housed in a cabinet of 
true functional design — a completely 
new conception of receiver beauty and 
styling. Full use is made of newly 
developed materials and techniques. 
Maximum ventilation is assured by a 
multitude of tiny openings in the upper 
section of the cabinet which also impart 
a smart and pleasing appearance. The 
entire top of the cabinet opens on a full 
length piano hinge for complete accessi-
bility. Panel and chassis may be removed 
from the cabinet as a unit without dis-
turbing any controls or connections. All 
controls are clearly identified and the 
normal positions for standard broadcast 

reception are marked in red, making it 
easy for the whole family to use this fine 
receiver. 

The Model S-40 incorporates many 
circuit refinements and features never 
before available in this price class. The 
RF section uses permeability adjusted 
"micro-set" inductances, identical with 
those in the most expensive Hallicrafters 
receivers. Automatic noise limiter, tem-
perature compensated RF oscillator, beat 
frequency oscillator, separate RF and 
AF gain controls, three-position tone 
control, separate electrical bandspread, 
with inertia flywheel tuning, and many 
other features make this beautiful new 

ceiver an outstanding value. 

$7950 

Amateur Net 

CONTROLS: SENSITIVITY (including "S" 
meter on/off switch), BAND SELECTOR, 
VOLUME, TUNING, BANDSPREAD, AVC 
ON/OFF, CW/AM, NOISE LIMITER ON/ 
OFF, TONE AC OFF, PITCH CONTROL, 
STANDBY/RECEIVE. 

NINE TUBES: 1-6SG7 RF amplifier; 1-
6SA7 converter; 1-6SK7 1st IF amplifier; 
1-6SK7 2nd IF amplifier; 1-6SQ7 2nd detec-
tor and 1st audio amplifier; 1-6F6G output 
audio amplifier; 1-6H6 automatic noise lim-
iter and gas gate; 1-6J5GT beat frequency 
oscillator; 1-80 rectifier. 

OPERATING DATA: The standard Model 
S-40 is designed for use on 105-125 volts, 50 
to 60 cycle alternating current. The universal 
Model S-40U can be used on 110, 130, 150, 220 

or 250 volts, 25 to 60 cycle, alternating current, 
The standard model draws .76 amperes at 117 
volts. When used with external batteries the 
heater current is 5 amperes at 6 volts and plate 
current is 70 milliamperes at 270 volts. If a 
vibrapack is used for plate supply the total 
current demand for both plate and heaters is 
10 amperes at 6 volts. 

DIMENSIONS: Model S-40. Cabinet only, 
18% inches wide by 8% inches high by 9% 
inches deep. Overall, 18% inches wide by 9 
inches high by 11 inches deep. 

WEIGHT: Model S-40. Receiver only, ap-
proximately 28 pounds. Packed for shipment, 
approximately 33 pounds. Model SM-40. Meter 
only, approximately 13/4  pounds. Packed for 
shipment approximately 3 pounds. 

See what you hear mithillaYRIDie-A-Nammor 

Hallicrafters new Skyrider Panoramic adaptor, Model 
SP-44, offers all the advantages of panoramic reception 
in an unusually compact and inexpensive unit. With 
this adaptor connected to a Hallicrafters receiver it is 
possible to monitor up to 200 kilocycles of the radio 
spectrum visually and to analyze the characteristics of 
radio signals from your own or other transmitters. 
This new adaptor may be used with any receiver 

having an IF frequency between 450 and 470 kilocycles. 
Ten tubes. 

$9950 

Amateur Net hallicrafters RADIO 
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$3950 

Amateur Net 

111111mw 
FEATIUMES 

L Overall frequency range 
— 540 kilocycles to 32 
megacycles in 4 bands. 

Band 1-540 to 1650 kc. 
Band 2-1.65 to 5 Mc. 
Band 3-5 to 14.5 Mc. 
Band 4-1.3.5 to 32 Mc. 

Adequate overlap is pro-
vided at the ends of all 
bands. 

2. Main tuning dial accu-
rately calibrated. 

3. Separate electrical band. 
spread dial. 

4. Beat frequency oscillator, 
pitch adjustable from 
front panel. 

5. AM/CW switch. Also 
turns on automatic vol-
ume control in AM po-
sition. 

6. Standby/receive switch. 

7. Automatic noise limiter. 

8. Maximum audio output-
1.6 watts. 

9. Internal PM dynamic 
speaker mounted in top. 

10. Controls arranged for 
maximum ease of opera-
tion. 

11. 105-125 volt AC/DC for 
operation. Resistor line 
cord for 210-250 volt op-
eration available. 

12. Speaker/phones switch. 

CONTROLS: SPEAKER/ 
PHONES, AM/CW, NOISE 
LIMITER, TUNING, CW 
PITCH, BAND SELECTOR, 
VOLUME, BANDSPREAD, 
RECEIVE/STANDBY. 

EXTERNAL CONNECTIONS: 
Antenna terminals for doublet 
or single wire antenna. Ground 
terminal. Tip jacks for head-
phones. Line cord and plug. 

PHYSICAL CHARACTERIS-
TICS: The Model S-38 is housed 
in a sturdy steel cabinet fin--
ished in rich satin black. 
Speaker grille in top is of airo-
dized steel Chassis is cadmium 
plated. Lettering is in light gray 
and switch knobs are red. 
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For hams, beginning hams and all who want 
the finest receiver available at a low price 

The Model S-38 meets the demand for 
a truly competent communications re-
ceiver in the low price field. Styled in 
the post-war Hallicrafters pattern and 
incorporating many of the features 
found in its more expensive brothers, 
the S-38 offers performance and appear-
ance far above anything heretofore 
available in its clogs Fous tuning bands, 

CW pitch control adjustable from the 
front panel, automatic noise limiter, self-
contained PM dynamic speaker and 
"Airodized" steel grille, all mark the 
S-38 as the new leader among inexpen-

SIX TUBES: 1-12SA7 converter; 
1-125K7 IF amplifier; 1-12SQ7 sec-
ond detector, AVC, first audio am-
plifier; 1-125Q7 beat frequency os-
cillator, automatic noise limiter; 1-
35L6GT second audio amplifier; 1 
—35Z5GT rectifier. 

OPERATING DATA: The Model 
S-38 is designed to operate on 105-
125 volts AC or DC. A special ex-
ternal resistance line cord can be 
supplied for operation on 210 to 250 
volts AC or DC. Power consumption 
on 117 volts is 29 watts. 

DIMENSIONS: Model S-38. Cabi-
net only, 12% inches wide by 67/a 
inches high by 77/8 inches deep. 
Overall, 12% inches wide by 7% 
inches high by 8% inches deep. 

WEIGHT: Model S-38. Receiver 
only, 11 pounds. Packed for ship-
ment, 13½ pounds. 

sive communications receivers. 
The S-38 is an especially fine receiver 
for younger people just beginning to 
find the unending fascination offered by 
radio as a hobby. In addition to being a 
good standby receiver for any amateur, 
the S-38 has unlimited uses. Its compact 
functional design, its high performance 
on both short waves and standard broad-
cast reception makes it an ideal receiver 
for use in den or library, in college dor-
mitory, at camp or cottage or in any 
room around the house wherever a good 
extra receiver at a low cost is desired. 
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First of its kind ... a.low power, 

high quality, low price transmitter 
• 

409 

Cdei 

The Model HT-17 offers real Hallicrafters 
transmitter performance with maximum con-
venience and economy. No larger than a small 
receiver and styled to match the postwar 
Hallicrafters line, this new transmitter pro-
vides an honest ten watts of crystal-controlled 
CW output on the amateur 3.5, 7, 14, 21, and 
28 megacycle bands. 

A pi-section matching network is an inte-
gral part of the plate circuit and, together with 
an adjustable link, provides coupling to any 
type of antenna or permits the HT-17 to be 
used as an exciter for a high power final 
amplifier. The oscillator stage uses a type 
6V6-GT tube and is automatically switched 
to a Tritet circuit when coils for the three 
higher bands are plugged in. Full output on 
the 14, 21, and 28 megacycle bands is obtained 
with 7 megacycle crystals. A type 807 tube is 
used in the final amplifier, and the self-con-
tained power supply, for 105-125 volt AC op-
eration, employs a 5Z3 rectifier. Connections 
are provided for an external modulator. The 
"airodized" steel top opens on a full length 
piano hinge for maximum accessibility and 
ease in changing coils and crystals. A pilot 
lamp is provided on the front panel for 
tuning. Coil sets extra. 

$50" Amateur Net 
(Approximate) 

CONTROLS: PLATE, LOADING, TRANSMIT/-
STANDBY, METER OSC/PWR AMP, AC ON/OFF 
(all on front panel). Oscillator plate tuning. Tritet 
tuning (easily accessible by raising top). 

EXTERNAL CONNECTIONS: Antenna terminals 
for single wire, using pi-section network tuning, or 
two-wire low impedance line, using link coupling. 
Ground terminal. Connections for key and external 
modulator. AC line cord and plug. Special socket 
for use of external power supply. Fuse. 
PHYSICAL CHARACTERISTICS: The Model 
HT-17 is enclosed in a sturdy steel cabinet with all 
operating components mounted on a strong cad-
mium plated chassis. Top is of "Airodized" steel 
and opens on a full-length piano hinge for maxi-
mum accessibility. Dials are of the slide rule type. 
Finish is rich satin black. Trim and lettering match 
the new Hallicrafters receivers. 

THREE TUBES: 1-6V6-GT crystal oscillator; 1-
807 power amplifier; 1-5Z3 rectifier. 

OPERATING DATA: The Model HT-17 is designed 
for operation on 105-125 volts 50/60 cycle alternat-
ing current. Connections are provided for use with 
external batteries or other emergency power 
source. When operated on 117 volts the total cur-
rent is 1.07 amperes ( 125 watts). Heater current 
needed for auxiliary power supply operation is 
1.35 amperes at 6 volts, plate current is 135 milli-
atnperes at 400 volts. Total demand when used 
with a vibrapack on six volt battery is 18 amperes. 
DIMENSIONS: Model HT-17. Cabinet only, 12% 
inches wide by 67/8 inches high by 77/8 inches deep. 
Overall, 127/. inches wide by 7% inches high by 
8% inches deep. 
WEIGHT: Model HT-17. Transmitter only 21 
pounds. Packed for shipment 25 pounds. Coils, 
packed for shipment, per set, approximately 1% 
pounds. 
SM-2 plate milliampere meter. Range 0 to 150 ma. 
Supplied for quick installation in HT-17 transmit-
ter in place of tuning pilot lamp, at extra cost. 

FEATUR 

1. Frequency range — amateur bands from 3.5 to 
30 megacycles. 

Z. Power output-10 watts minimum on all bands. 
3. Pi-section matching network plus coupling link 

permits use with any antenna. 
4. May be easily coupled to drive a high power 

final amplifier. 
5. "Alrodized" steel top for maximum ventilation. 
6. Full-length piano hinge permits entire top to 

swing open for ease in changing coils, crystals. 
7. All operating and tuning controls easily acces-

sible. 
E. Self-contained prwrr supply for 105-125 volt 

50/60 cycle AC operation. 

9. Special socket for use of external auxiliary 
power supply. 

10. Oscillator circuit automatically switched from 
Pierce to Tritet, on three higher bands. 
Full output at highest frequency with 7 mega-
cycle crystal. 

12. Terminals for connection of external modu-
lator. 

13. Pan-I switrh to connect tuning pilot lamp in 
exciter or amplifier circuits. 

14. New styling harmonizes with Hallicrafters post-
war receivers. 

is. Plue-in provision for SM-2 plate milliampere 
meter. 
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A variable master oscillator 
43/ 

combining 

excellent stability and ease of operation 

O' 
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Here is another new and welcome addition to 
the Hallicrafters line, a variable master oscil-
lator. It is specifically designed to provide the 
amateur operator with a continuously vari-
able exciter unit which is as easy to tune or 
shift to a new frequency as a modern receiver. 
Outstanding features never before available 
in a unit of this kind include excellent stabil-
ity, negligible frequency drift, voltage regu-
lator and complete simplicity of operation. 
It is accurately calibrated for the five ham 
bands. The heart of the unit is the variable 
master oscillator which employs a 6BA6 tube 
in an electron coupled circuit with plate and 
screen voltage regulation. This circuit is sci-
entifically temperature-compensated and is 
tuned by one section of an air dielectric 
variable condenser, another section of which 
tunes the 6V6 frequency multiplier amplifier. 
Power output of the HT-18 is fed through a 
six foot 72 ohm coaxial line which may be 
connected to any commonly used crystal cir-
cuit of a transmitter. The RF output at the 
line end is not less than 21/2 watts and it can 
therefore be used to drive a high power class 
"C" amplifier. For example the unit will pro-
vide ample driving power to two 813's which 
will supply over 500 watts of CW power and 
about 300 watts of phone carrier. 

In addition to variable frequency operation, 
the Model HT-18 provides for three crystals 
for spot frequency use. These crystals may be 
switched into the circuit from the front panel. 

CONTROLS: BAND SELECTOR, TUNING, 
VARIABLE FREQUENCY — CRYSTAL SE-
LECTOR, POWER ON/OFF SWITCH, CAR-
RIER ON/OFF SWITCH, BEAT FREQUENCY 
SWITCH. 

EXTERNAL CONNECTIONS: R-F output 
terminals. Power line cord, carrier switch ter-
minal connectors for receiver and transmitter 
control. Shorting type key jacks on front panel. 

PHYSICAL CHARACTERISTICS: The cabi-
net of the Model HT-18 is styled to match the 
new Hallicrafters models and is finished in rich 
satin black. Airodized steel top swings open on 
a full-length piano hinge for maximum accessi-
bility. Panel lettering is light gray and dial 
scale is green indirectly illuminated. 

FIVE TUBES: 1-6BA6 electron coupled oscil-
lator or crystal oscillator; 1-6V6 amplifier or 
frequency multiplier; 1—VR-105 voltage regu-
lator; 1—VR-150 voltage regulator; 1-5Y3GT 
power rectifier. 

OPERATING DATA: The Model HT-18 is de-
signed for operation on 105-125 volts 50/60 cycle, 
alternating current. Crystals used if desired are 
in the 3.5 megacycle band but are not supplied 
with unit. 

111111MBRimr.. 

FEATURES 

1. Frequency range. Five amateur bands. 

Z. Wide vision tuning dial accurately calibrated. 

3. 21/2 watts measured output at end of 6 foot 
72 ohm transmission line. 

4. Negligible drift. 

5. Scientifically temperature-compensated. 

6. Oscillator and amplifier keyed. 

7. Built in crystal sockets for spot frequency 
operation. 

8. 

9. 

10. 

11. 

12. 

13. 

Two voltage regulators. 

Complete band switching. 

Ganged tuning. 

All coils self-contained, no plug in coils. 

Tubes and circuit components carefully se-
lected for maximum stability. 

Oscillator operates on lowest frequency 
range only. 

Higher frequency bands reached by means 
of high efficiency frequency multiplier. 
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Hallicrafters Model HT-9 is an ideal me-
dium power transmitter. Designed for 
maximum flexibility and convenience. 
In addition to coils and crystals it re-
quires only a microphone or key, anten-
na and a source of AC power to go 
on the air. 

Five individual plug-in tuning units 
and crystals may be accommodated in 
the exciter section simultaneously. Band 
switching is easily accomplished by 
changing one coil in the final amplifier 
and selecting the desired exciter fre-
quency by means of a panel switch. Ex-
citer units are pre-tuned and the only 
additional operation needed is a slight 
adjustment of the final tank tuning 
capacitor. 
Separate meters are provided for the 

power amplifier plate and grid circuits 
and a third meter may be switched into 
either the exciter or modulator cathode 
circuits. All controls are conveniently 
arranged on the panel and a safety in-
terlock switch is provided for protection 
against accidental shock when the cabi-
net is opened. 

• / 
• 7 
• / 
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A real ham rig 
Medium power 
Maximum flexibility 

$250" 
Leas Coils and Crystals 

Amateur Net 



AVIATION RADIOTELEPHONE 

/ / 

TRANSMITTER 

FEATURES 

1. Frequency range 1500 kilocycles to 18 mega-
cycles and amateur 28 megacycle band. 

2. Power output 100 watts on CW, 75 watts on 
phone. 

3. Antenna coil will match any resistive load 
from 10 to 600 ohms. 

4. Maximum ventilation provided by louvers on 
sides, cutouts at rear. 

5. Hinged top permits access to interior for 
changing coils and crystals. 

6. All operating controls on front panel. 
7. Self contained power supply for 105-125 volts, 

50/60 cycle AC operation. 
8. Input for any medium level, high impedance 

microphone 
9. Metering of cathode current of exciter or 

modulator, power amplifier grid and power 
amplifier plate. 

10. 100 per cent modulation with low distortion. 
11. Carrier hum more than 40 db. below 100% 

modulation. 
12. Frequency response flat within 3 db. from 

100 to 5000 cycles. 
13. Five operating frequencies may be pre-set in 

the oscillator and buffer doubler stages and 
selected at will by means of the band switch. 

14. Line fuses mounted on rear of chassis. 
15. Convenient table mounting. 
16. Rugged construction and oversize compo-

nents assure dependable operation. 

CONTROLS: AUDIO GAIN, (SPEECH 
AMPLIFIER) OFF/ON, CATHODE 
CURRENT EXC. MOD., PLATE PWR. 
ON/OFF, FIL. PWR. ON/OFF, C.W. 
PHONE, BAND-SWITCH, TRANSMIT 
/STANDBY, PLATE TUNING. 

METERS: Cathode current, P.A. grid, 
P.A. plate. 

EXTERNAL CONNECTIONS: Antenna 
terminals. Terminal strip for key, an-
tenna relay, and remote control of re-
ceiver. Line cord and plug. Two line 
fuses. Microphone input connector (on 
left end of cabinet). All connections ex-
cept microphone are located on rear of 
chassis. 

PHYSICAL CHARACTERISTICS: The 
Model HT-9 is constructed on a heavy 
cadmium plated steel chassis. Cabinet 
is of steel finished in gray wrinkle 
enamel and is provided with heavy rub-
ber mounting feet. Ventilating openings 
in top and sides assure adequate cooling. 
Interlock switch under lid cuts high 
voltage supply when cabinet is opened. 

TUNING UNITS: Final amplifier coils 
and exciter tuning units are available 
for the 1.75, 3.5, 7, 14, and 28 Mc. amateur 
bands. General coverage coils and units 
for all frequencies between 1.5 and 18 
Mc. may be obtained on special order. 

FOURTEEN TUBES: 1-6L6 crystal 
oscillator (used above 8 Mc. only) ; 1-
6L6 crystal oscillator or doubler; 1-814 
final RF amplifier; 1-6SJ7 1st speech 
amplifier; 1-6J5 2nd speech amplifier; 
4-6L6 push-pull parallel modulator 
stage; 2-5Z3 rectifiers; 1-80 rectifier; 
2-866 rectifiers. 

OPERATING DATA: The model HT-9 
is designed for operation on 105-125 
volts, 50/60 cycle alternating current. In 
normal operation it draws approxi-
mately 3.5 amps. (400 w.). 

DIMENSIONS: Model HT-9 overall 
clearance: 29'/8 inches wide by 12% 
inches high by 201/2 inches deep. 
WEIGHT: Model HT-9 transmitter, 120 
pounds. Packed for shipment, 125 
pounds. 

11_ Ili 
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P ATED CRYSTALS 
BLILEY TYPE AX2 

We are justly proud of the technical accomplish-
ments represented in the AX2 plated crystal. Its 
advanced development and pace-setting design 
again demonstrate Bliley's leadership in the 
manufacture of crystals for amateur frequencies. 

Primary electrodes in the AX2 plated crystal 
unit consist of a micro-thin metal film which is 
deposited directly on the major surfaces of the 
quartz crystal by evaporation under high vac-
uum. This film exhibits extremely high adhesion 
to the crystal and can almost be considered as 
a chemical bond to the quartz. 

Secondary electrodes, under spring pressure 
are used to clamp the crystal in position and to 
provide a medium for thermal dissipation. 

Bliley's plated crystal gives you better grid 
current $tability over a wide temperature range 

RYS1 A S 
Type 

Type 

Type 

AX2 

AX2 

AX2 

Units, 80- meter band $2.80 Each 

Units, 40- meter band 2.80 Each 

Units, 20- meter band 3.95 Each 

@ @ 

plus improved frequency stability under high drive 
conditions. 

In addition to the plating feature, the AX2 
gives you such famous Bliley qualities as: 

• Acid etching to frequency to prevent aging. 
• Nameplate calibration accurate to ± .002% at 25° C 

in factory oscillator. 
• Temperature stability better than ± .02% between 

—10° and +60° C. 

• Activity level tested between — 10° C and +60° C. 
• Solid, stainless steel pins. 

• Welded contact between pins and contact plates. 
• Neoprene gasket seal. 

• Moisture resistant, molded phenolic case and cover. 

• Small, compact size permits easy stacking. Twa 
units may be mounted back to back in standard 
octal socket. 

• All nomenclature on top of holder for easy identifi-
cation. 

Not a thing has been overlooked to insure top 
performance under any conditions encountered 
in amateur equipment. All our wartime experi-
ence is reflected in this new model, engineered 
specifically for amateur frequencies. 

BLILEY ELECTRIC COMPANY . UNION STATION BuILDING, ERIE, PENNSYLVANIA 
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TYPE FM6-S 100 kc. 
Primarily for use as a freq. standard. 
Plated precision crystal, rigidly clamped 
between resonant pins, provides excep-
tional electrical and mechanical stabil-
ity. Freq. is adjustable to exactly 100kc. 
at 25° C when unit is used in recom-
mended oscillator circuit. Freq. stability 
±.005( at any temp. 0° C to 50° C. 

PRICE $18.75 

TYPE CF3 455 kc. 
Single signal filter crystal unit. Excep-
tionally low holder capacity permits 
sharp signal discrimination in filter 
network of general communications re-
ceivers. Frequency 455 kc. free from 
spurious responses within 7 kc. 

PRICE $5.00 

TYPE CF6 455 kc. 

Single signal filter crystal unit. Fre-
quency 455 kc., 5 kc. — free from 
spurious responses within 7 kc. of fun-
damental. Designed for intermediate 
frequency filter in general communica-
tions receivers. 

PRICE $4.50 

TYPE SMC100 100-1000 kc. 

Dual frequency crystal provides either 
100 kc. or 1000 kc. frequency source. 
When used in recommended oscillator 
circuit 1000 kc. frequency is within 
.05% at 25° C and 100 kc. frequency 

can be adjusted to zero beat at 25° C. 
Suggested for signal, generators used in 
alignment of radio receivers. 

PRICE $$.75 

74, die«, 
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CRYSTAL coivreeo‘up wawa*. 

or instant channel selection and frequency 
ccuracy, radio service technicians use this 
liley test instrument. It provides direct 

rystal control for i-f alignment. Write 

for descriptive Bulletin 32. 



AMPHENOL "SIGNAL SQUIRTER' 

ROTARY BEAM ANTENNA 

Amphenol now offers this world famous rotary beam 

antenna developed by M. P. Mims, W5BDB. High for-

ward gain, high front to back ratio, a rugged rotary • • • • 

drive system and a simplified direction indicator char-

acterize this fine antenna which has been the standard 

of comparison for many years. Available for the 10 

and 20 meter bands and in a combination covering 

both bands. 

48 
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TWIN- LEAD TRANSMISSION LINE 

Combining convenience and efficiency, Amphenol 

Twin-Lead is the first choice of amateurs for construction 

of antennas and transmission lines. Type 14-023 Transmitting 

Twin-Lead, with an impedance of 75 ohms, is the favorite 

for transmitter applications. Conservatively rated at 1 kw. 

Three impedance values:-300 ohms, 150 ohms and 

75 ohms are available in Amphenol Receiving Twin-Lead 

for receiving and low power transmitting applications. 

In addition to the three new products 

described, Amphenol is the world's 

largest single source of: 

COAXIAL CABLES AND CONNECTORS 

ANTENNAS 

RADIO COMPONENTS 

PLASTICS FOR ELECTRONICS 

All are available from your distributor. 

See him tomorrow. 

AMPHENOL "EASY- TO-DRILL" CLEAR 

POLYSTYRENE WINDOW PANE 

This clear polystyrene window pane ends the 

problem of bringing in lead-ins through glass. 

It is easy to drill and cut to size. Ordinary wood-

working tools will do the job. Offering the high 

dielectric strength of polystyrene, this window 

pane ends broken glass and drilling through sash. 

Ordinary putty holds it in place. Available 

in 12" x 16" panes of 3/32" thickness, 

and in other sizes to order. 

AMERICAN PHENOLIC CORPORATION 
CHICAGO 50, ILLINOIS 

In Canada • Amphenol Limited • Toronto 

49 



SC- 46 • Speaker Cabinet only  
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"HQ-129-X" 

AMATEUR 

RECEIVER 

The Hammarlund "HQ- 129-X" amateur communications 
receiver is designed to meet the demands of the most critical 
amateurs. Its design includes every feature essential to finest 
performance. 

The "HQ- 129-X" has a continuous range from .54 to 31 
megacycles in six separately calibrated bands with con-
tinuous bandspread throughout the entire range. In addition, 
the bandspread dial is calibrated for each of the four most 
important amateur bands- 3.5-4 mc, 7-7.3 mc, 14-14.4 
mc and 28-30 mc. 

The "HQ- 129-X" has the Hammarlund patented variable 
wide-band crystal filter which works exceptionally well on 
phone or short wave broadcast signals. 

There are many other features: Variable antenna compen-
sator, beat oscillator, voltage regulator, series noise limiter, 
send-receive switch, automatic volume control, calibrated "S" 
meter, audio gain control, sensitivity control— plus all that 
goes into a receiver built by engineers who have spent a 
lifetime designing commercial communication equipment. 

The "HQ- 129-X" is available complete in a two-tone gray 
finish including tubes and a 10 inch P. M. dynamic speaker. 

"HQ- 129-X" Amateur Net Price $ 168.00 

SC- 10 — Speaker cabinet finished to match. 
Amateur Net Price 5.25 

Send for twenty-page technical booklet 

SERIES 400 "SUPER-PRO" 

SPC-4 0 O- X • Receiver (Table Model) with P.M. speaker unit 
only  

Net Price 

$342.00 

SPR-4 0 O- X • Receiver ( Rack Model) less speaker  3 4 4.5 5 

5.25 

The Series 400 Commercial "Super- Pro" re-
ceiver covers a new and wider range of 
frequencies. The SP-400-X model covers from 
.54 to 30 megacycles taking in all of the 
standard and short wave broadcast bands 
as well as amateur bands down to 30 mega-
cycles. The "Super-Pro" has become standard 
equipment with many engineers in the radio 
press and broadcast fields. During the recent 
war, "Super- Pros" were standard equipment 
in practically every Army Airways Communi-
cations System installation throughout the 
world. Many letters from the men who oper-
ated them attest to the soundness of design 
and ability to withstand the most gruelling 
operating conditions. 

The "Super-Pro" has continuous variable 
selectivity from razor-sharp "single-signal" 
to wide band high fidelity for broadcast 
reception. This feature together with the high 
power high fidelity 8 watt audio amplifier 
makes this an ideal receiver for use in enter-
tainment installations as well as for home use. 
In addition the SP-400-X has AVC, continuous 
bandspread, calibrated "S" meter, BFO, 
noise limiter, send-receive switch, ear phone 
terminals, phono-input and separate heavy 
duty power supply. 

HAMMARLUND MANUFACTURING CO., INC., 460 W. 34th Street, New York 1, N. Y. 



HornianornunD 
"MC" MIDGET 

CAPACITORS 

Ideal variable for high and very high 

frequency tuning, laboratories, etc. Isolan-

tite Insulation. All contacts riveted or 

soldered. Vibration proof. New improved 

Hammarlund split type rear bearing, and 

noiseless wiping contact. Cadmium plated 

soldered brass plates. Shaft-1/4 ". 

Code Capacity List 

MC- 20-5  20 mmf.  $2.55 

MC- 35-5  35 mmf.  2.65 

MC- 50-5  50 mmf.  2.80 

MC- 50-M  50 mmf.  2.80 

MC-75-5  80 mmf.  3.00 

MC- 75-M  80 me.  3.00 

MC- 100-5 100 mmf   3.25 

MC- 100-M 100 mmf.  3.25 

MC- 140-5 140 mmf.  3.50 

MC- 140-M 140 mmf.  3.50 

MC- 200-M 200 mmf.  3.80 

MC- 250-M 260 mmf.  4.15 

MC- 325-M 320 mmf.  4.65 

.'M"-Midline Plates. "V-Straight Line Cap. Pla.y. 

-MIC" TRANSMITTING CAPACITORS 

Compact types. Isolantite 

insulation. Base or panel 

mounting. Polished alumi-

num plates. Stainless steel 

shaft. Size of 150 mmf. 

with .070" plate spacing 

only 4W' behind panel. 

"B" models hove rounded 

plates. "C" types have 

plain plate edges. Self-

cleaning wiping contact. 

Code Capacity List 

MTC-20-B  20 mmf. $4.75 

MTC-100-13 100 mmf.  6.15 

MTC-150-C 150 mmf.  7.10 

MTC-250-C 260 mmf   6.15 

MTC-350-C 365 nef.  6.75 

FLEXIBLE COUPLINGS 

These flexible couplings are designed for 
both insulated and non-insulated applica-
tions. The PC-46-S is insulated for 6000 
volts with silicone treated ceramic, will com-
pensate for considerable shaft misalign-
ment, but will not give springy action. 
Overall depth 13 I 6", diameter 11/4 ". 
The FNC-46-S is a non-insulated coupling 
for use where insulation is unnecessary. The 
general design is the same as the PC-46-S 
but has a heavy metal body instead of 
ceramic. Overall depth 23/32", diameter 
11/4 ". 

Code 

FC-46-5-Insulated 

F N C- 46-5-Non-insulated 

HAMMARLUND 

List 

§  90 

 90 

Code 
BFC-12 
BFC-25 
BFC-38 

BUTTERFLY CAPACITOR 
The new butterfly capacitor is designed 
for use in VHF and UHF applications 
where the butterfly design is indispens-
able. Can be used as a single series unit 
or as a split stator with grounded rotor. 
This new butterfly capacitor is ideal for 
use in transmitters as well as receivers. 
Has soldered rotor and stator assembly; 
is plated to resist corrosion; silver plated 
rotor contact; sleeve type bearing, low-
loss ceramic end panel. Approximately 
1M" square. Depth behind panel depends 
on number of plates. Insulated mounting 
studs prevent rotor from being grounded 
when mounted to metal. 

MMF. Cap. per Sec. Series Cap. 
Max. Min. Max. Min. 
14.5 3.5 7.9 2.2 
27.5 5.0 14.5 3.0 
40.5 6.3 21.0 3.7 

PRICE 
NOT 

AVAILABLE 

"APC" MICRO CAPACITORS 
For H.F. and very H.F. For I.F. tuning, 
trimming R.F. Coils or gang capacitors, 
general padding, etc. Constant capacity 
under any condition of temperature or 
vibration. Size 100 mmf. 1 7/32" x 
15 16" x 1 7/32". Isolontite base. Cad-
mium plated soldered brass plates. 
Code Capacity List 

APC-25   25 mmf.  $ 1.50 
A PC- 50   50 mmf   1.75 
A PC- 75   75 mmf.  1.95 
APC-100 100 rnrnf.  2.20 
A PC- 140  140 mmf.  2.60 

"RMC" CAPACITOR 
The new "RMC" is designed for appli-
cations where strength and solid con-
struction is as important as electrical 
design. Its frame consists of 3/32" 
aluminum end plates reinforced by 
three horizontal bars or pillars which 
hold the assembly rigid. 
Two low loss silicone treated cer-

amic insulated bars support the stator. 
Bearings are hand-fitted sleeve in the 
front and single ball thrust in the rear 
-torque is smooth and uniform. Con-
tact to the rotor is made through a 
silver-plated beryllium forked spring. Brackets are provided for 
mounting either side down, or to o front panel with spacing pillars. 
Voltage rating- 1000 V. 

Code Capacity List 

RMC-50-5  50. mmf.  $ 3.7 5 
R MC- 100-5 105. mmf.  4.25 
R MC- 140-5 143.5 mmf.  4.50 
RMC-325-5 327. mmf.  5.65 

"VU" UHF CAPACITOR 
The capacitors listed below are avail-
able for use by manufacturers, engi-
neers and amateurs for all types of 
communications equipment having 
tuned circuits operating as high as 
500 mc. The many advantages of 
these new capacitors are of course 
due to the silent electrical operation 
made possible through the use of 
pyrex glass ball bearings. 

Elimination of the rotor contact 
further precludes the possibility of 
noise and permits a more symmetrical 
design of the capacitor itself and 

consequently allows better circuit layout. Two sets of contacts are 
provided, so that the vacuum tube con be mounted on one side and the 
inductor on the other side of the capacitor. Voltage rating-700 V. 

Code Capacity 
VU- 20 22.5 mmf   
VU- 30 31.5 mmf.  
VU-45 45.0 mmf.  

Prices sithiect to change without notice 

List 
$10.75 
11.50 
12.70 

MANUFACTURING CO., INC., 460 W. 34th Street, New York 1, N. Y. 



Since 1923 we have been pioneers 

in the design and manufacture of 

the finest in radio hardware: 

Ceramic, Porcelain and Steatite 

Insulators ... Antennas ... Hook-

Up Wires ... Shielded Microphone 

Cable and S. J. Cable . . . and 

other top-quality " Birnbach" 

products. 

Complete Stock At Your Dealer 

BIRNBACH RADIO CO., Inc. 
145 HUDSON ST. NEW YORK, 13, N. Y. 
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In keeping with its policy of 

providing all services within its 

power, The American Radio Relay 

League makes available to amateurs 

and would-be amateurs literature prop-

erly prepared to present in the best form 

all available information pertaining to ama-

teur radio. The fact that its offices are the 

national and international headquarters of radio 

amateurs, makes League publications authoritative, 

complete, up-to-the-minute; written from a thoroughly 

practical amateur's point-of- view. These publications are 

frequently revised and augmented to keep abreast of the 

fast-changing field. At this time they will be found par-

ticularly adaptable for radio training purposes. All are 
printed in the familiar QST format which permits thorough 

but economical presentation of the information. Most of 

the publications and supplies described in the following 

pages are handled by yóur dealer for your convenience. 

_e— 
cb-ruire 

a 

THE AMERICAN RADIO 
RELAY LEAGUE, INC. 

WEST HARTFORD 7 

CONNECTICUT 

IflI 
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THE 

OFFICIAL MAGAZINE 

OF THE 

AMERICAN RADIO RELAY LEAGUE 

QST faithfully and adequately reports each month the rapid 

development which makes Amateur Radio so intriguing. Edited 

in the sole interests of the members of ,The American Radio Relay 

League, who are its owners, QST treats of equipment and practices 

and construction and design, and the romance which is part of Amateur 

Radio, in a direct and analytical style which has made QST famous all 

over the world. It is essential to the well-being of any radio amateur. 

QST goes to every member of The American Radio Relay League and 

membership costs $ 2.50 in the United States and Possessions, $ 3.00 in 

the Dominion of Canada, $4.00 in all other countries. Elsewhere in this 

book will be found an application blank for A.R.R.L. membership. 

For- thirtytwo 

years land 
therebytheoldest 
American radio 
magazine) QST 
has been the 

"bible" of Amateur 

Radio. 



UHT 
BINDERS 

Those who take pride in the appearance of their lay-out and 
wish to keep their reference file of QST's in a presentable man-

ner, appreciate the QST binder. It is stiff -covered, finished in beaut:-
ful and practical fabrikoid. Cleverly designed to take each issue as 
received and hold it firmly without mutilation, it permits removal of 
any desired issue without disturbing the rest of the file. It accommo-
dates 12 copies of QST. Opens flat at any page of any issue. 

With each Binder is furnished a sheet of gold and black gummed 
labels for years 1928 through 1948. The proper one can be cut from 
the sheet and pasted in the space provided for it on the back of the 
binder. The back copies of QST contain the record of development of 
modern amateur technique. They are invaluable as technical references. 
Back copies are generally available— list will be sent upon request. 

Binder Price 



The latest 

edition of THE 
RADIO AMATEUR'S 
HANDBOOK is postwar 

in content, containing the 
kind of information which has made the 

HANDBOOK world-famous. To maintain the 
high standard of practical usefulness set by previous edi-

tions, a new treatment of the constructional sections of the 
HANDBOOK has been accomplished. The theory and design 
sections cover every subject encountered in practical radio com-

munication. Completely sectionalized by topics with abundant cross-
referencing, and fully indexed. The HANDBOOK continues to be the 
world's most valuable and widely-used radio book. 

$1.25 Paper Bound 
$2.50 Buckram Bound 

In U.S.A. Proper 

$2.00 Paper Bound 
$3.00 Buckram Bound 

Elsewhere 

50c 
Postpaid Anywhere 

The objective in preparing this course was to accent those principles 
most frequently applied in actual radio communication. "A Course 
In Radio Fundamentals" is a study guide, examination book and 
laboratory manual. Its text is based on the " Radio Amateur's 
Handbook." Either the special edition prepared during the 
war for training purposes or the Standard Edition may be 
used. References contained in the " Course" are in both 
editions. As a text, this book greatly smooths the way 
for the student of the technicalities of radio. It 
contains interesting study assignments, experi-
ments and examination questions for either 
class or individual instruction. It de-
scribes in detail 40 experiments 
with simple apparatus giving a 
complete practical 
knowledge of radio 
theory and 
design. 



Aware of 
the practi-

cal bent of the 
average amateur and 

knowing of his limited time, the 
league, under license of the designer, 

W. P. Koechel, has made available these calcula-
tors to obviate the tedious and sometimes difficult mathematical work 

involved in the design and construction of radio equipment. The lightning 
calculators are ingenious devices for rapid, certain and simple solution of 

the various mathematical problems which arise in radio and allied work. 
They make it possible to read direct answers without struggling with formulas 

and computations. They are tremendous time-savers for amateurs, engineers, 
servicemen and experimenters. Their accuracy is more than adequate for the 

solution of practical problems, and is well within the limits of measurement by 
ordinary means. Each calculator has on its reverse side detailed instructions for its 
use; the greatest mathematical ability required is that of dividing or multiplying 
simple numbers. They are printed in several colors. You will find lightning calculators 
the most useful gadgets you ever owned. 

RADIO CALCULATOR 
TYPE A 

This calculator is useful for the problems that confront the 
amateur every time he builds a new rig or rebuilds an old one 
or winds a coil or designs a circuit. It has two scales for physi-
cal dissensions of toils from one-nall Inch to five and one-
half inches in dismeter and from one-quorter to ten inches 
in length, a frequency scale from 400 kilocycles through 
150 megacycles; a wavelength scale from two to 600 me-
ters; o capacity scale from 3 to 1,000 micro-microfarads; 
two inductance scales with a range of from one micro-
henry through 1,500; a turns-per-inch scale to cover 
enameled or single silk covered wire from 12 to 35 
gauge, double silk or cotton covered from 0 to 36 and 
double cotton covered from 2 to 36. Using these 
scales in the simple manner outlined in the instruc-
tions on the back of the calculator, it is possible to 
solve problems involving frequency in kilocycles, 
wavelength in meters, inductance in microhenrys 
and capacity in microforads, for practically al! 
problems that the amateur will have in de-

signing—from high-powered transmitters 
down to simple receivers. Gives the direct 

reading answers for these problems 
with accuracy well within the toler-

ances of practical construction. 

$1.00 
Postpaid 

OHM'S LAW CALCULATOR 
TYPE E 

This calculator has four scales 

A power scale from 10 microwatts through 10 kilowatts. 

A resistance scale tram .0 i onm theough 100 itiegohms. 

A current scale from 1 microampere through 100 amperes. 

A voltage scale from 10 microvolts through 10 kilovolts. 

With this concentrated collection of scales, calculations 

may be made involving voltage, current, and resistance, 

and can be made with o single setting of a dial. The 
power or voltage or current or resistance in any cir-

cuit can be found easily if any two are known. This is 
o newly-designed Type B Calculator which is more 

accurate und simpler rouse than the justly-famous 

original model. It will be found useful for many 
calculations which must be made frequently 

but which ore often confusing if done by 
ordinary methods. All answers will 

be accurate within the tolerances 
of commercial equipment. 

$1.00 
Postpaid 



The standard ele-

mentary guide for the prospective 

amateur. Features equipment which, al-

though simple in construction, conforms in 

every detail to present practices. The apparatus 

is of a thoroughly practical type capable of giving 

long and satisfactory service— while at the same 

time it can be built at a minimum of expense. The design 

is such that a high degree of flexibility is secured, 

making the various units fit into the more elaborate 

station layouts which inevitably result as the amateur 

progresses. Complete operating instructions and 

references to sources of detailed information on 

licensing procedure are given. 

25c 
Postpaid Anywhere 

scettneG 

To obtain an 
amateur operator's li-

cense you must pass a gov-
ernment examination. The License 

Manual tells how to do that— tells 
what you must do and how to do it. 

It makes a simple and comparatively 
easy task of what otherwise might 
seem difficult. In addition to a large 
amount of general information, it con-
tains questions and answers such as are 
asked in the government examina-
tions. If you know the answers to the 
questions in this book, you can pass 
the examination without trouble. 

25c 
Postpaid Anywhere 

This booklet is designed to 
train students to handle code skillfully and 
with precision, both in sending and in receiv-

ing. Employing a novel system of code- learn-
ing based on the accepted method of sound 
conception, it is particularly excellent for the 
student who does not have the continuous help of 

r an experienced operator or access to a code 
machine. It is similarly helpful home-study material 
for members of code classes. Adequate practice 

material is included for classwork as well as 
for home-study. There are also helpful data 
on high-speed operation, typewriter copy, 
general operating information— and an en-

tire chapter on tone sources for code practice, in-
cluding the description of a complete code instruc-
tion table with practice oscillator. 

25c 
Postpaid Anywhere 

//« 

)\-



/ Amateurs are 
,....._--,- noted for their ingenuity 
---"" in overcoming by clever 
— means the minor and major ob-

stacles they meet in their pursuit of their 
chosen hobby. An amateur must be re-

sourceful and a good tinkerer. He must be 
able to make a small amount of money do a 

-- great deal for him. He must frequently be able li to utilize the contents of the junk box rather than 
buy new equipment. Hints and Kinks is a compila-

tion of hundreds of good ideas which amateurs have 
found helpful. It will return its cost many times in 

money savings— and it will save hours of time. 

A com-
prehensive manual of antenna de-

sign and construction, by the head-
quarters staff of the American Radio 

Relay League. Eighteen chapters, profusely 
illustrated. Both the theory and the practice 
of all types of antennas used by the amateur, 
from simple doublets to multi- element rotaries, 
including long wires, rhomboids, vees, phased 
systems, v.h.f. systems, etc. Feed systems and 
their adjustment. Construction of masts, lines 
and rotating mechanisms. The most compre-
hensive and reliable information ever 
published on the subject. 

50c 
Postpaid 

50c 
Postpaid 

The Story 
of Amateur Radio, by 

Clinton B. DeSoto—a detailed, 
accurate presentation in full book 
length of all the elements that have 
served to develop the most unique 
institution of its kind in the history of the 
world. A book of history butnot a history-
book, TWO HUNDRED METERS AND 
DOWN: The Story of Amateur Radio tells 
in spirited, dramatic fashion the entire 

re -nt oej  wr in of nicFM eptei 
Approximately 200 pages, 90,000 
words, with durable imitation leather 
red paper cover 

$81 .00 Postpaid 

Deluxe edition bound 
in blue cloth 

$ Postpaid 



STATION OPERATING SUM 

LOG BOOK 

As can be seen in the illustration, the log page provides space for all•facts pertaining 
to transmission and reception, and is equally as useful for portable or mobile operation 
as it is for fixed. The log pages with an equal number of blank pages for notes, six 
pages of general log information (prefixes, etc.) and a sheet of graph paper are spiral 
bound, permitting the book to be folded back flat at any page, requiring only the page 
size of 81/2 x 11 on the operating table. In addition, a number sheet, with A.R.R.L. 
Numbered Texts printed on back, for traffic handlers, is included with each book. 

35e per book 

The operating supplies 
shown on this page have 
been designed by the 
A.R.R.L. Communications 

Department. 

OFFICIAL RADIOGRAM FORMS 
The radiogram blank is designed to comply with 
the proper order of transmission. All blocks for 
fill-in are properly spaced for use in typewriter. 
It has a heading that you will like. Radiogram 
blanks, 81/2 x 7Vs, lithographed in green ink, 
and padded 100 blanks to the pad, 25c per 

pad, postpaid. 

MESSAGE DELIVERY CARDS 
Radiogram delivery cards em-
body the same design as the 
radiogram blank and are avail-
able in two styles — on stamped 
government postcard, 2c each; 
unçtamped, 1c each 
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MEMBERSHIP 

STATIONERY 
Members' stationery is standard 81/2 x 11 bond 
paper which every member should be proud to use 
for his radio correspondence. Lithographed on 81/2 x 
11 paper. 

100 Sheets, 50e 250 Sheets, $ 1.00 

500 Sheets, 141.75 
POSTPAID 

In the January, 1920 issue of OST there appeared an editorial requesting suggestions 
for the design of an A.R.R.L. emblem — a device whereby every amateur could 
know his brother amateur when they met, an insignia he could wear proudly wher-
ever he went. There was need for such a device. The post-war boom of amateur 
radio brought thousands of new amateurs on the air, many of whom were neigh-
bors but did not know each other. In the July, 1920 issue the design was announced 
— the familiar diamond that greets you everywhere in Ham Radio — adopted by 
the Board of Directors at its annual meeting. It met with universal acceptance and 
use. For years it has been the unchallenged emblem of amateur radio, found wher-
ever amateurs gathered, a symbol of the traditional greatness of that which we call 
Amateur Spirit — treasured, revered, idealized. 

THE LEAGUE EMBLEM, with both gold border and 
lettering, and with black enamel background, is avail-
able in either pin (with safety clasp) or screw-back but-
ton type. 

In addition, there are special colors for Communica-
tions Department appointees. 
• Red enameled backgroundfor the SCM. 
• Blue enameled background for the ORS or OPS. 
THE EMBLEM CUT: A mounted printing electro-

type, W' high, for use by members on amateur printed 
matter, letterheads, cards, etc. 

EACH, 5047 POSTPAID 

Stationery and Emblems are avail-
able only to A.R.R.L. Members. 
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MODEL AF -100 

Price 
Built forS $450.00 

the Present - - Complete 
and the ji \ltIIliwith Tubes 
Future and Coils 

6— BAND AMATEUR TRANSMITTER 

100 WATTS — AM, FM, CW AND ICW 

Write for detailed information and Catalog 

DESIGNERS & BUILDERS OF BROADCAST STATION EQUIPMENT, 

• 250 WATTS to 50 KW — AM and FM 

SUPREME TRANSMITTER CORPORATION 
260 WEST ST. NEW YORK 13. N. Y. 
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—61.6 
—616 
—616 

—3D23 
—807 
—615 

—65.17 
— 866A 
—5R4GY 
—5R4GY 

— 80 
—6X5GT 
—VR 150 
—6SN7GT 

PREME TRANSMITTER Model AF- 100, 6-Band, 100 Watt 
utput) Desk Type Transmitter. Embodies ALL the features 
ost desired by the majority of the amateurs. Designed to 
ver the amateur bands most frequently used: 10, 11, 15, 
1, 40 and 80 meters for CW, ICW, AM and FM Phone 
;Insmission. This is the very first transmitter offered to the 
nateur which has the new feature of Frequency Modulation 

the band of frequencies assigned for this purpose, namely 
.185 to 27.455 and 29 to 29.7 megacycles. Model AF- 100 
continuously tunable throughout the range of each of the 

nateur bands. A highly stable variable oscillator followed 
slug-tuned buffer and doubler stages which are ganged to 

e oscillator dial simplifies the problem of working through 

severe ORM and further enhances the pleasures of easily es-
tablishing and retaining OSOs. Band changing is easily 
accomplished in the exciter by a band selector switch and in 
the final by the plugging in of a coil for the particular band 
selected. This unit is one of the simplest to operate—and 
highly efficient on all bands, for all types of emission. 

Front Panel Controls: Oscillator Dial; Final Amplifier Dial; 
Oscillator Selector Dial; Modulation Selector Dial; Microphone 
Gain Control; Band Selector Switch; Filament Power Switch; 
Plate Power Switch; Emission Selector Switch; Standby Control. 

Metering: PA Plate Current; PA Grid Current; Modulator Plate 

Current. 

TUBE COMPLEMENT 
Function 

—6AC7 Reactance Tube Modulator 
—6J5 Variable Frequency 

Oscillator 
—6AC7 Class "A" Amplifier or 

CryStai Oscillator 
—61.6 80 meter Buffer or 40 meter 

Doubler 
20 meter Doubler 
15 meter Tripler 
10 meter Doubler 

Final Amplifier 

Class AB z Modulators 
Modulator Driver 

Speech Amplifier 
High Voltage Rectifiers 
low Voltage Rectifier 
Modulator Rectifier 
Speech Rectifier 
Bias Rectifier 

Voltage Regulator 
Audio Oscillator 

Frequency Range: 
Output Power: 

Method of Modulation: 

Modulation Capabilities: 

Input Audio Source: 

Audio Frequency Response: 

Noise Level: 

Audio Frequency 

Frequency Control 

ELECTRICAL CHARACTERISTICS 
Amateur Bands- 10, 11, 15, 20, 40, 80 meters 
100 watts on CW. ICW and Frequency Modulation 
100 watts Amplitude Modulation 

AM—High level Class 
FM—Reactance Tube Modulation 

AM-100% 
FM-100% = ± 75 kilocycles 

High Impedance Crystal or Dynamic Microphone. level 
60 DB down 

AM--1-2DB, 200 to 6000 cps 
FM--1-1DB, 100 to 7500 cps 

AM—Minus 45DB below 100% modulation 
FM—Minus 60DB below 100% modulation 

(± 75 kilocycles) 

Distortion AM-5% at 85% modulation for 100 watt output 
FM-1.5% at 100% modulation 

Elements: Stabilized Variable Frequency Oscillator or two ( 2) 
crystal controlled positions. 

conomical — Power 

7'7 wide, eep. 

Consumption: 325 watts 

owersource; Volts eye es 

Approximate Weight: 125 lbs. 

COMPLETE: The only items needed to get " on the air - are o key, a mike and two crystals 

INEXPENSIVE: A WONDERFUL VALUE! 



bleISTERPRO 
The QUALITY 

ALL 

NEW 

POST-

WAR 

MODELS 

MODEL 

revt• 

RECORDING 

TURNTABLE 

ILLUSTRATED 

IMq ION= Mal UM CM MI • 

Meets All NAB 
Standards 

Transcription and Recording Equipment 

"MASTER-PRO" MODEL-V 
16— RECORDING TURNTABLE 

A precision-constructed instrument, unsurpassed 

in quality and performance.... operating in 

many of the leading broadcasting stations and 

educational institutions. Ruggedly constructed 

and painstakingly assembled for efficient and 

prolonged service. 

SPECIFICATIONS: 

14-lb. 1-ribbed cast iron chassis. 

Lathe turned aluminum cast turntable. 

New specially constructed smooth power-

ful constant speed motor. 

Neoprene idlers. 

Blu-gray wrinkle finish 

MODEL G-2 16" TRANSCRIPTION TURNTABLE 
... Not shown ... Similar to Model V above. 
Write for Literature. 

MODEL "M-5" 

RECORDING MECHANISM 

ILLUSTRATED • MOUNTED 

"MASTER-PRO" M-5 RECORDING 
MECHANISM WITH CUTTER 

"Master Pro" M-5 is a be.wiful precis• tool you will be glad to own. 
RUGGEDNESS: Fifteen pounds of steel and bronze, chrome plated, assures 
long wear and the ability to stand up against rough treatment. 

QUALITY: The " Master Pro" M-5 is machined to tolerances unheard of 
in pre-war production. Working surfaces and moving parts are polished 
to a micro finish to insure velvety smoothness and control in operation. 

The "Master- Pro" M-5 is a universal machine that can be readily attached 
not only to the Master- Pro V Recording turntable, but to any other make of 
turntable that has the standard center pin. 

Proved by test and performance by experts. 

Standard screw cuts 120 line per inch outside- in. Feed screws for 105 or 
120 line outside- in or inside- out, substituted at purchaser's request. 

"MASTER-PRO" VM-2 
RECORDING LEVEL 

METER 
Mounted in an unbreakable, cast 
aluminum case, the VM-2 Recording 
Level Meter takes recording out of 
the hands of the expert. The dial is 
scientifically designed, as to angle 
and to color. It enables the artist to 
watch the volume of his recording 
while performing and is readable up 
to 25 feet. The possibility of over-
cutting is reduced to a minimum. 

The VM-2 Recording Level Meter is 
wired to operate from the output of an 

8, IS, 200 or a $00 Ohm amplifier 

COMING NEW ITEMS— SEND NAME— GET ON OUR MAILING LIST NOW 

ji 
NEW YORK 13, N. Y. 146 GRAND STREET 

Export Division: MORHAN EXPORT CO. • 458 Broadway, New York 13, N. Y. 

o 

* Write forillustrated 
literature on these 
and other REK - 0-

• KUT products. 

64 



The Vibrapack line includes mod. 
els for input voltages of 6. 12. and 
32 volts DC and nominal output 
voltages from 125 to 400. Models 
available with switch for four output 
voltages in 25-volt stages. Hermet-
ically sealed vibrators. High effi-
ciency—low battery drain. 

Mallory 
Transmitting 
Capacitors 

Built with adequate 
safety factor for 
long life. Round and square can styles. Available in 
20 stock sizes, working voltages from 600 to 6,000. 

WIT:61W 
Approved Precision Products 

Vibrapacks* Provide 
Dependable Plate Power for 

Portable Equipment 

Mallory Vibrapacks provide econom-
ical, efficient and dependable plate 
power for operating radio receivers, 
transmitters, PA systems, direction 
finders and other electronic equipment 
on vehicles, farms, portable equipment, 
or wherever commercial AC power 
is unavailable. 

Write for Form E-555 for detail information 

lode les' 
Vitreous Enamel Resistors 
Mallory fixed and adjustable power resistors pro-
vide maximum efficiency in operation with excellent 
temperature and humidity characteristics. Available 
in rated capacities from 10 to 200 watts, resistances 
from 1 to 100,000 ohms. 

Ham Band Switches 
Ceramic insulation provides low losses at high 
frequencies. The Mallory 
Ham Band Switch is rated 
for use in transmitter plate 
circuits using up to 1,000 
volts DC with power up 
to 100 watts, inclusive. 

OTHER MALLORY PRODUCTS INCLUDE: 
Ham Band Switches 
Jacks 
Jack Switches 
Knobs 
"L" Pad Attenuators 
Noise Filters 

Attenuators 

Battery Chargers 

Capacitors, Dry Elec-
trolytic 

Capacitors, Paper 

Plugs 
Potentiometers 
Push Button Switches 
Rectifiers, Dry Disc 
Resistors 
Rheostats 

"T" Pad Attenuators 
Variohm* Resistors 
Vibrators 
Vitreous Resistors 
Volume Controls 
*Res. U.S. Pat. Off. 

All Mallory standard parts available from Mallory Distributors 
Write for Catalog 

FOR IMPROVED PERFORMANCE USE MALLORY APPROVED PRECISION PRODUCTS 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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SELECTOR 
SWITCHES 

have self-cleaning 

double-wipe contact jaws, 

positive index, adjustable stop and 

bakelite or steatite insulation 

CENTRALAB 

RADIOHMS 
... feature .hard-surfaced materials, 

patented design and skilled 

workmanship. They are 

manufactured for long service 

under extreme conditions. 

... are manufactured for 

high frequ.ency circuits where 

the ultimate in stability and 

retrace characteristics 
is PscPn ti al 

CUSTOM 
CERAMICS 

... at Centralab include 

Steatite, Cordierite, Zirconite 

and a wide rE nge of dielectric 

materials. Availablb to 

manufacturers only. 

CERAMIC 
TRIMMERS 

...are interchangeable 

with air trimmers for most 

applications and have advantages 

in space requirements and 

mechanical stability. 

HI- ACCURACY 
CERAMIC 
CAPACITORS 

... represent a new development 

in which the order of accuracy 

is suitable for rigid frequency 

r_rintri-d 7-,n1 • 



TONE 
SWITCHES 
. . . include off-on switches, 

station selectors in inter-

communication systems, talk-listen 

switches and simplified band 

change switches. 

AVAILABLE 

WHERE 

POWER 
SWITCHES 

. .. are suitable for transmitters, 

power supply converters and 

special industrial and electronic 

uses. Sections and indexes 

also available. 

LEVER ACTION 
SWITCHES 

. are particularly adapted 

to broadcasting, receiving, 

public address, test instruments 

and industrial uses. They are 

available in ten combinations. 

Further information available in Catalog No. 25 obtainable at 

your Authorized Centralab Distributor or from the plant 

at 900 E. Keefe Avenue, Milwaukee 1, Wisconsin. 

CERAMIC 
TRANSMITTING 
CAPACITORS 
. feature extremely low power 

factor, stable retrace characteristics 

and maximum flashover 

commensurate with physical size. 

DIVISION OF GLOBE-UNION INC. MILWAUKEE 1, WISCONSIN 

,57oe 
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FS344 Frequency Standard $79.50 

You'll Want to Ulse JAMES 
KNIGHTS 

" Stabilized '  

cie 
Precision Quality 

for the Amateur! 
When building your new rig or revamping the old one 
to conform to the new Ham bands, be sure to use JK 
"Stabilized" Crystals—the crystals that are so carefully 
made and so perfectly mounted that you can install 
them and forget about them. JK "Stabilized" Crystals 
will stay " right on" at any normal operating tempera-
ture, and they're not affected by dust, moisture or 
vibration. Ask your jobber about JK "Stabilized" 
Crystals or write direct for our new illustrated folder. 

*JK "Stabilized" Crystals are made by the latest known 
methods of precision crystal manufacture. Our process 
known as "Stabilizing" absolutely prevents frequency 
shifts due to aging, either in operation or on the shelf. 

The men of the James 
Company have 

grown up with Ham 
0 Radio. Because of their 

work with piezo quartz 
since it first came into use 
as a frequency control, 
they know what is ex-
pected of a good Ham 
Crystal. You can depend 

JAMES KNIGHTS 
on JK " Stabilized" 

"A Radio Researcher 
Since the Early Days" Crystals. 

LEON A. FABER 

W9DAX—"An Ac-
tive Ham Since 1913" 

The JAMES KNIGHTS co. 
SANDWICH ILLINOIS 

Sixty Miles Southwest of ChicagUnK 

irl() 
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The many AlSiMag insulators in the 
average rig must meet several different 
insulation requirements. For that reason, 
AlSiMag insulators are made of many 
different technical ceramic compositions. 
All these compositions are sold under the 
trade name AlSiMag. Each one has 
definite electrical and mechanical prop-
erties which have been carefully deter-
mined. The new Property Chart gives the 
properties of the more frequently used 

AlSiMag compositions. A copy will be 
sent you free on request. 
• All AlSiMag technical ceramics are 
custom made. Sales are made only to 
manufacturers or to supply houses. No 
sales can be made direct to hams. 
However, the Research Division of Ameri-
can Lava Corporation welcomes sugges-
tions or criticisms and is always on the 
alert for suggestions for improvements in 
AlSiMag products. 

Address requests for Property Chart to: 

AMERICAN LAVA CORPORATION 
946 KRUESI BLDG., CHATTANOOGA 5, TENNESSEE 

4 4TH YEAR OF CERAMIC LEADERSHIP 

The new AlSiMag Property Chart is conveniently designed so 
that it tan be tacked on the wall, placed under your desk 
glass or placed in your regular business file. It is easy to 

read and makes it easy to find exactly the AlSiMag com-
position which is best suited for each of your electronic or 
electrical applications. 



ummummimmummummo+ MICA 

TYPE 59: Mica transmit-
ter capacitor used as grid, 
plate blocking, coupling, 
tank and by-pass appli-
cations. In low- loss, white 
glazed ceramic cose and 
wide-path end terminals. 

TYPE 9: Moulded mica 
capacitor for r.f, by-pass, 
grid and plate blocking. 
Mechanically strong, well. 
insulated, moisture-resis-
tant, with short heavy 

terminals. 

TYPE 6: Mico capacitor 
with series-stack construc-
tion. For aircraft, port-
able equipment, high. 
power transmitters, etc. 
Especially suited for grid, 
plate, coupling, tank and 
by-pass applications. 
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h.. and you radio "hams " know . s capacitor performance "makes" 

or breaks" the rig. Now that you're getting back on the air you want to stay on 

it — without a letdown or a break. 

You make no mistakes when you depend on C-D Capacitors. Cornell-Dubilier 

has built a name and a reputation that stand for consistently dependable 

capacitor design and manufacture. And, if uninterrupted pleasure in your 

hobby depends on capacitor performance, you'll be wise to depend on a 

high-quality, low-cost product that has enjoyed the loyal choice of wireless and 

radio amateurs for more than thirty-seven years. 

ASK YOUR LOCAL C-D DISTRIBUTOR FOR CATALOG # 195A, containing complete listings of 

C-D Capacitors for Amateur Equipment, Capacitor Test Instruments and 

Quietone Interference Filters. Or write direct to Cornell-Dubilier Electric 

Corporation, South Plainfield, New Jersey. 

FIVE MODERN PLANTS • SKILLED PERSONNEL 

The better to serve you, Cornell-Dubilier now 

operates five huge modernly-equipped plants 

centrally located: at South Plainfield, N. J.; 

New Bedford, Worcester, and Brookline, Mass., 

and at Providence, R. I. At each plant skilled 

capacitor specialists and trained technicians 

build C-D Capacitors 10E many uses, check 

every process carefully, test and cautiously in-

spect every capacitor to guarantee perfection. 

PAPER • Et Er TROLY TIC 

TYPE YAB: Dykanol TYPE TQ: Dy-
impregnated and filled, kanol trans-
non- inflammable, non- mining filter 
oxidizable and remains capacitor 

unaffected by extensive with univer-
variations in temperature, sal mounting. 

humidity or voltage Designed pri• 

stresses. For by-pass, manly for 
audio frequency coup- amateur low-
ling, etc. powerbroad-

cast and corn-
mercialtrans - 

mitters; also 
adapted for high power, 
high fidelity public ad-
dress systems and port-

able power amplifiers. In 

sturdy, non-corrosive alu-
minum case. 

CORNELL-DUBILIER 
world's largest manufacturer of 

1910 

1947 

CAPACITORS 

TYPE TJU: Dykanol trans-

mitting filter capacitor, 
compact, lightweight, fur-

nished with universal 
mounting clamp, well. 

insulated terminals. Her-
metically sealed in non-

corrosive, steel container. TYPE ILA: Inverted Dy. 

kanol Filter capacitor of 
extra high dielectric 
strength, lower-r.f. resis-
tance, light weight, high 

insulation resistance, and 
higher voltage break-

down. Hermetically sealed 
in sturdy aluminum con-

tainers. 



'Cindy." Cardieid Dynamic 

Models 731 and 726 

Model 610 Dymmis 

Model 910 Crystal 

H06 P34.1100 Dynamos 

Model 630 

Versatile Dynamic 

Model 640 

NO FINER 

CHOICE THAN 

• 

"Cardux - Cardieid Crystal 

Model 950 

III-Direntenal Velocity 

Models V-3, V-2, V-I 

WITH important E-V developments such 
as the Mechanophase* Principle, the Differentialt 
Principle, the Aconstalloy Diaphragm ... ELECTRO-
VOICE brings you the widest selection of 
quality microphones, for both general and speci-
fic applications. In the complete E-V line of-uni-
directional, bi-directional, and non-directional 
types, you can easily find exactly the right micro-
phone to give you the sound pick-up and repro-
duction you want A few models are shown here. 
ELECTRO-VOIC.E engineers are glad to help you 
on any special problems. Send now for new E-V 
Catalog No. 101. 

•Patents Pending }Potent No. 2,350,010 
Crystal Microphones Liconmd under Mush patents. 

.11 111 
G 1-Purpese Dynomic 

Model 605 

-Ï-

Difl•rentral Handset 

Model 260 Carbon, Medal 660 Dynamic 

mileei*Vcriecz 

0fie,en?i,I Carbon 

Hand-Held Model 205-5 

Differential Oynarnir 

Model 606 

Hand-Held Dynamic Model 600-D 

Oillereatiel Dymesic Model 602 

Cornet Crystal Model 902 

ELECTRO -VOICE INC . 
BUCHANAN, MICHIGAN 

Export Division: 

13 E. 40th St., New York 16, N.Y., U.S.A. Cables Arlob 
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r WRITE FOR YOUR COPY OF 

THIS HELPFUL CATALOG 
Oc 

LI 
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A l çiL tL C 
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f ItitS Asp 110 M Etill 
FOR SERVICE MEN 

AMATEURS d 

' RERIMERITAl 

kietIOUStRIAl USERS 
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5Pg AGUE PILOOUCIS COMP Ate , Sore% 
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If you use capacitors or wire-wound 
resistors of any type, shape, size or style 
of mounting, write today for your copy 
of the big Sprague Catalog C306. Lists 
every type you'll require. Chock full of 
application data, dimensions, illustra-
tions and other helpful information. 

TYPES CR, OT and PC — The new Sprague Trans-
milting Types — both filled and impreg. 
mated with exclusive Sprague KVO ( Kilo. 
Volt- Oil) — protected with Lifeguard Ter. 
minal Caps. 

TYPE TL — The famous Sprague Tubular By•Pass Ca. 
pacitors — " Hot a failure in a million." 

SPRAGUE MICA CAPACITORS — All types, shapes, sizes 
for every requirement. Twice-tested for 
R-F characteristics. 

TYPE Ut — The popular, inexpensive cardboard-cased 
transmitting units. 

TYPES Ti, SW and PX — High- voltage paper and metal 
tubulars including hermetically- sealed types. 

SPRAGUE KOOLOHM RESISTORS — The out. 
standing wire-wound resistor development 
in 20 years. Made with wire insulated 
BEFORE winding with 1000° C. heat. 
proof, moisture- resistant ceramic. 

SPRAGUE ATOMS — The midget capacitors 
for every dry electrolytic need. 

TYPE LM — The new universal replace. 
ments for any type of direct chassis 
mounting. 

TYPE PTM - Rectangular dry eloctrolytics. 

TYPES UHC and HLV — High-capacity low-
voltage tubulars—cardboard or metal can. 

'APE EL— The handy prong-type self. 
mounting midget dry electrolytia. 

TYPES PLS, IS, SC, Cl and AP — Aluminum 
can type drys for every application. 

TYPE RW Inexpensive, dependable wet electrolytic 
replacements. 

TYPE RC — High-voltage metal container drys. 

TYPE BP — The famous " bathtub-style" metal encased 
paper capacitors. 

. and various others. 

SPRAGUE PRODUCTS CO. 

North Adams, Massachusetts 

CAPACITORS • KOOLCIIImM EGRFSFFISTORS 
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ES I CO 
SOLDERING 

IRONS 

are widely used in industrial plants throughout the coun-

try. They are designed to withstand the strain of continuous 
service required of factory tools. 

SPOT SOLDERING MACHINE 

designed for treadle operation for advancement of iron and 

solder leaving operator's hands free for handling of product. 

SOLDERING IRON TEMPERATURE 

CONTROLS 

prevent overheating of soldering irons be-

tween soldering operations. Irons do not 

deteriorate when being used. The idle period 

causes oxidation and shortens life. 

SOLDER POTS 

ruggedly constructed pots of various sizes 

designed for continuous operation and so 

constructed that they are easily and 

quickly serviced, should elements have to 

be replaced. 

Write for Catalog 

ELECTRIC SOLDERING IRON CO., INC. 

2547 West Elm Street 

DEEP RIVER, CONNECTICUT 
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Manufacturers of Iransfor 

LECTROSIC 1140 

ere7r, 
15U VARICK 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK IS, N. Y., CABLES: "ARLAB" 
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    RIATHERE'S AN 

RCA POWER TRIODES 

810—Class B or class C. 750 
watts input in class C teleg-
raphy up to 30 Mc. at 2500 
plate volts. 

811—Class 8 or class C. 220 
watts audio output in class 8 at 1500 plate 
volts. 

812—Class C r-f amplifier. 225 watts input up to 
60 Mc. at 1500 plate volts. 

833-A—Class C r-f amplifier. A single tube 
takes a full KW at comparatively low plate 
voltage. 

8005—Class B or class C. 300 watts input in class 
C telegraphy up to 60 Mc. at 1500 plate volts. 

RCA RECTIFIERS 

5R4-GY—Full-wave, high-vac-
uum type. 250 ma. output 
at 700 volts. 

816—Half-wave, mercury-va-
por type. In full-wave circuit, 250 ma. output 
at 1500 volts. 

866A/866—Half-wave, mercury-vapor type. In 
full-wave circuit, 500 ma. output at 3100 volts. 

RCA DUAL BEAM POWER 

815—Class C amplifier. 68 
watts input in class C teleg-
raphy up to 150 Mc. 

829-B—Class C amplifier. 120 
watts input in class C teleg-

raphy up to 200 Mc. and 105 watts up to 250 
Mc. 

832-A—Class C amplifier. 36 watts input in class 
C telegraphy up to 200 Mc. and 32 watts up 
to 200 Mc. 

TUBE 

RCA MINIATURES 

3A4—Power amplifier pen-
tode. AF output, 700 milli-
watts. RF output, 1.2 watts 
at 10 Mc. 

3A5— HF twin triode. Class C 
telegraphy, output of about 2 watts at 40 Mc. 

6AK5—HF amplifier pentode with sharp cut-off, 
for frequencies up to 400 Mc. 

6J4—UHF amplifier triode. Primarily for use as 
grounded-grid amplifier up to 500 Mc. 

9001—Detector amplifier pentode with sharp cut-
off. For UHF applications. 

9002—UHF triode detector, amplifier, or oscillator 
in superheterodyne receivers at frequencies up 
to 500 Mc. 

RCA BEAM POWER 

807—Oscillator or amplifier 
75 watts input in class C tel-
egraphy up to 60 Mc. at 
750 plate volts. 

813—Class C amplifier. 500 
watts CW input up to 30 Mc. at 2250 plate volts. 

2E26—Class C amplifier. 40 watts CW input up to 
125 Mc. and 30 watts input up to 160 Mc. at 
600 plate volts. 

RCA ACORNS 

6F4—UHF triode oscillator for 
frequencies up to 1200 Mc. 

954—UHF pentode detector or amplifier for fre-
quencies up to 430 Mc. 

955—UHF triode detector, amplifier or oscillator. 
For receivers or transmitters up to 600 Mc. 

958-A — UHF triode amplifier or oscillator for 
low-power UHF transceivers. 



RCA UHF POWER TRIODES 

2C43—"Lighthouse" triode. 20 
watts input up to 1500 Mc. 
Useful as keyed or modu-
lated oscillator as high as 

3000 Mc. 
826—Oscillator, r-f amplifier or frequency multi-

plier. 50 watts input in class C telegraphy up to 
250 Mc. 

8025-A—Oscillator, r-f amplifier or frequency 
multiplier. 50 watts input in class C telegraphy 
up to 500 Mc. 

RCA RECEIVING TYPES 

NOW— CW RATINGS ON 

RCA RECEIVING TUBES 

Strictly for the benefit of radio amateurs, Class C 
CW transmitting ratings hove been established on 
the following receiving types: 6AG7, 6AK6, 6AQ5, 
6F6, 6L6, 6N7, 6V6-GT and 12AU7. 

Detailed information on these new ratings will be 
found in the October-November 1946 issue of Ham 
Tips. A copy may be obtained on request. 

Have you seen HAM TIPS? 

Get a free copy from your local 

RCA Tube Distributor 

TUBE DEPARTMENT 

RCA has an amateur type tube for every 

service, every power and every active 

band. A few of the most popular types in 

each classification are listed. 

In addition, there are special types, 

such as voltage regulators, thyratrons, 

and the well-known receiving types in 

metal, glass, and miniature. 

Your local RCA Tube Distributor has 

complete technical data on all RCA tube 

types. Contact him for further informa-

tion on the types in which you are in-
terested, or write RCA, Commercial En-

gineering, Section A- 1K, Harrison, New 

Jersey. 

RCA LABORATORIES, 

PRINCETON, N. J. 

THE FOUNTAINHEAD OF 
MODERN TUBE DEVELOPMENT IS RCA 

RADIO CORPORATION of AMERICA 

HARRISON, N. J. 
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The CONNEAUT 

Model 600-S 

DYNAMIC 

Model 

DN-HZ-S 

-Bnyelirreter,deai a‘tee Deeemee 
MICROPHONES 
FOR EVELY Andia APPLICAiiON 

Model D- I04 

Model G Stand 

Model 

T-3 

FROM away back in 1933, when Astatic 

introduced Model D-104, the first practical 

crystal microphone ever developed, veteran 

amateurs the world over, have long used and 

enjoyed Astatic microphones Many models 

with desired voice range characteristics, in-

cluding new streamlined designs, are now 

available. For grand performance and long, 

dependable service ... it's an “Astatic" 

every time. 

Model JT-40 

IN CANADA 

See your Radio Parts JobbeP 

or write for Catalog 

• 

CORPORATION 
CONNEAUT, OHIO 

CANADIAN AST AT LID 2O&O Ou7A1sO 

Asiatic Crystal Dev.ces 
manufactured under Brush 

Drs.(foment Co patents 
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ESTABLISHED 1006 79 

Per eini 

ANTENNA SYSTEMS 
for USERS tit PRIVATE BRgnos 

This Company, which has devoted its major interests to the manufacture of Antenna Sys-
tems since the inception of radio broadcasting, now offers its expanded facilities to users 
of private brands. Our engineering service will cooperate with you on your own designs. 

• • • 
We manufacture the following, 

under private labels and trademarks: 

AUTOMOBILE ANTENNAS . . . every variety, including types 
that can be raised and lowered from inside the car. 

RESIDENTIAL ANTENNAS . . . AM and FM, for homes, stores 
and multi-family buildings. Complete lines of noise-

reducing systems incorporating latest patented develop-

ments of coupling transformers. 

FM, AM and TELEVISION • . . Dipoles with or without re-
flectors, folded dipoles, turnstile, radiating types and 

other combinations for roof, sidewall and other mountings. 

MARINE ANTENNAS . . . Collapsible and transmitting types 

for every purpose. 

For POLICE and other mobile units • • • roof-top antennas 

for ultra-high frequencies. 

WE INVITE INnUIRIES AND CONSULTATIONS. 

SOME OF THE OTHER BRACH PRODUCTS 

Lightning Protective Devices • Junction Boxes • Pot 
Heads • Gas Relays • Arrester Housings • Protective 

Panels • Terminals and Housings • High Tension Detectors 

• Test-O-Lite for Circuits 100-550 AC or DC • Solderall 

• • • 

200 CENTRAL AVENUE NEWARK, 4 N. J. 



RC-11 STUDIO CONSOLE 
for AM or FM 

The Most Versatile Unit of its Kind ... Easily Controlling 

Two Studios, Announcer's Booth and Nine Remote and 

Two Network Lines. 

THIS REMARKABLE Raytheon Console commands the atten-

tion of studio engineers and managers as few items of broad-

cast equipment ever have! 

It provides complete high-fidelity speech-input facilities 

with all the control, amplifying and monitoring equipment 

contained in a single compact cabinet. It easily handles any 

combination of studios, remote lines or turntables — broad-

casting and auditioning simultaneously, if desired, through 

two high quality main amplifier channels. It makes it a 

simple matter to cue an oncoming program and pre-set the 

volume while another program is on the air. 

Note the sloping front and backward-sloping top panel, 

giving maximum visibility of controls and an unobstructed 

view into the studio. Note the telephone-type, lever action, 

three-position key switches, eliminating nineteen controls. 

The beauty of this console, in two-tone metallic tan ... 

the efficient, functional look of it ... will step up the appear-

ance of any studio, yet blend easily with other equipment. 

RAYTHEON MANUFACTURING COMPANY 
Broadcast Equipment Division 

7517 No. Clark Street, Chicago 26, Ill. 

THESE OUTSTANDING FEATURES 

WITH ANY OTHER CONSOLE 

1. SEVEN built-in pre-amplifiers— more than 
any other console— making possible 5 micro-
phones and 2 turntables, or 7 microphones, on 
the air simultaneously. 

2. NINE mixer positions—more than any other 
console— leading to 5 microphones, two turn-
tables, one remote line and one network line. 

3. NINE remote and two network lines—more 
than any ether console— may be wired per.ma-
nently. 

4. TELEPHONE-TYPE lever-action key switch-
es used throughout — the most dependable, 
trouble-free switches available. No push buttons. 

5. FREQUENCY RESPONSE 2 db's from 30 
to 15,000 cycles. Ideal speech input system for 
either AM or FM. 

6. DISTORTION less than 1%, from 50 to 
10,000 cycles. 

7. NOISE LEVEL minus 65 db's or better. 
Airplane-type four-way rubber shock mount-
ing eliminates outside noise and operational 
"clicks." 

8. ALL FCC REQUIREMENTS for FM trans-
mission are met. 

9. DUAL POWER SUPPLY provides standby 
circuit instantly available for emergency use. 

10. POWER SUPPLY designed for mounting 
on desk, wall or relay rack. 

11. INSTANT ACCESS to all wiring and com-
ponents. Top hinged panel opens at a touch. 
Entire cabinet tilts back on sturdy full-length 
rear hinge. 

RAYTHEON 
80 

Devoted to Research and Manufacture 

for the Broadcasting Industry excellence in eiectionic4 
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fOR :Mettle All OVER 11.4E 'WORLD r2 

" ao barns• in Casablanca, Buenos Aires, 

Athens, and eelsinici seek out 

r Shack" -- by rnail, 4 e and sometimes in p NY,J1-0 eurs Shanghai, cabl , son? 
BECAUSE since 192 RAIDIO SlrIACK. has meant 
RELIA131.E. SERVICE to amat in the far corners 

..3...,. ., of the world • . . Service made possible by our real undeetanding of the problerns of the amateur and 

by an us stock ers 

of the products of all the 

world-famous manufactu y 

rers. 

'The service has «lade Radio Shack custom enormo in 

,.. and Constantinople yes established for 
thatou 

-- the atnateuts of America. Use it to build your 

. bigger "earn Shac 
better, for lee o 

Cavite st. 

You'll fed our Catalog 1-1-4/ a handy aid. Write 

t y -- f see. oda  ..,t...... e  
,,1-4..-• 

and Rooman 
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Your Microphone or Pickup is Here!  

"76B" 

ee5511 

"100" 

"508" 

The Unidyne is the most 
widely publicized micro-
phone for public address. 
A super-cardioid dynam-
ic that is used where per-
fect sound reproduction 
is an absolute must. 

The "556" Dynamic has 
all the essentials for high 
quality broadcasting. Has 
Super-Cardioid pickup 
pattern that reduces 
random noise by 73%. 

High quality carbon 
microphone specially de-
signed for military and 
police equipment where 
ruggedness and depend-
ability are vital factors. 

The Uniplex Cardioid 
Crystal offers the advan-
tages of high-priced per-
formance at low cost. 
Excellent for public 
address, recording, and 
similar applications. 

The Stratoliner Dynamic 
is a rugged microphone 
with unusually smooth 
response — good for po-
lice transmitters, air-
ports, and industrial 
paging systems. 

The Stratoliner Crystal is 
good for use when low 
cost is important factor. 
Clear reproduction of 
voice or music. High 
output with wide range 
response. 

"708" 

The "76W' Lapel is de-
signed forpublic address, 
lecturing in large halls, 
broadcasting from port-
able transmitters. High 
9uality speech reproduc-
tion. 

"707A" Crystal has been 
designed to give quality 
performance at low cost. 
Suitable for P. A. systems, 
call systems, ham use, and 
similar applications. 

Shure Cartridges are 
good for replacement of 
crystal cartridges in cur-
rent use. Flexible needles, 
high output voltages. 
Pin- tip terminals— no 
soldering necessary. 

Lightweight crystal pick-
up with needle force of 
lYsounces.Replacesheavy 
pickups on old phono-
graphs and can be in-
stalled on new record 
players. Clearer, fuller 
tone qualities. 

"556" 

"730B" 

"GLIDER" 

tef 

"707A" 

Patented bit Shure Brothers and lieeneed under the Patents of the Brush I terelopment ( «gain, 

WRITE FOR CATALOGS 155H AND 156H 

SHURE BROTHERS, INC. 
Microphones and Acoustic Devices 

225 W. Huron St., Chicago 10, 

Cable Address: SHUREMICRO 
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MODEL 84 
U.H.F. STANDARD SIGNAL GENERATOR 

300 to 1000 megocycles, AM and Pulse Modulation 

MODEL 78.FM STANDARD SIGNAL GENERATOR 

86 to 108 megacycles. Output: 1 to 100.000 mic.o,olte 

MODEL 71 SQUARE WAVE GENERATOR 

5 to 100,000 cycles 
Rise Rate 400 volts per microsecond 

MODEL 63-B 
STANDARD SIGNAL GENERATOR 

75 io 30,000 It;lczycles 
M.O.P.A., 100% Modulation 

MODEL 79-8 PULSE GENERATOR 

50 to 100,000 cycles 
0.5 to 40 microsecond pulse width 

MODEL 62 
VACUUM TUBE VOLTMETER 

0 to 100 volts AC, DC and RF 

MODEL 38 U.H.F. RADIO NOISE 
AND FIELD STRENGTH METER 

15 to 150 megacycles 

MODEL 80 
STANDARD SIGNAL GENERATOR 

2 to 400 megacycles 
AM and Pt.be Mr-dulas;on 

Standards are only as reliable as the reputation of their maker. 

MEASUREMENTS CORPORATION 
BOONTON • NEW JERSEY 



rOR HAMS!. 

6K4 Cathode Type Tube \ 

The SYLVANIA LOCK-IN TUBE 
This famous product of Sylvania research is well 
known for its electrical and mechanical superiority. 
Special points of merit, of interest to you, are: 

Lock-In locating plug . . . also acts as 
shield between pins. 

Short, direct connections . . . fewer 
welded joints— less loss. 

Getter located on top . . . shorts elimi-
/ nated by separation of getter mate-

-see rial from leads. 
No top cap connection . . . overhead 

wires eliminated. 
Reduced overall height... space saving. 
Stays put in mobile and portable rigs. 

THE NEW HIGH-
FREQUENCY OSCILLATOR 

The 6K4 cathode type tube— another de-
velopment of special interest to hams. This 
high-frequency oscillator, in the new T-3 
size, is ideally suited for your use. It's 
compact, rugged—developed from the fa-
mous proximity fuze type tube that was 
made to be shot from a gun. 

SYLVANIA 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; 
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S OW OUTSTANDING PRODUC 

OF SYLVANIA RESEARCH 
The 1N34 GERMANIUM CRYSTAL DIODE 

and 1N35 DUO-DIODE 
FEATURES 

1. Small size. 

2. Elimination of 
heater supplies. Re-
moves possible source 
of hum. 6. Low shunt capaci-

tance (about 3 micro-
3. Pigtail construction microfarads for unit 
—can be soldered into mounted in place in 
place ( 1N34). circuit). 

The 11%134 and IN35 are ideal for use 
in lightweight and portable equipment. 
Fields of application include: field 

4. Great resistance to 
vibration and shock. 

5. Low forward resist-
ance value. 

strength meters, detectors, clippers, dis-
criminators, series noise limiters, demod-
ulators, meter rectifiers. 

The LOW-COST, EASY-TO-USE 

MODULATION MONITOR 

Now you can monitor your modulation 
percentage and speech quality with this 
new Sylvania Model X-70I8 Modulation 
Meter. Compactly styled. Economical. Of 
great assistance in complying with FCC 
regulations on overmodulation. Helps 
keep your average percentage up between 
60% and 90%. Indicates carrier shift. 

SEE YOUR SYLVANIA DISTRIBUTOR 

ELECTRIC ,\NY 
FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES ; ELECTRIC LIGHT BULBS 
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INVARIABLY IT'S VALPEY 

TYPE 
FREOUENCY 
RANGE PINS DESCRIPTION USE 

1 

CBC-0 60-10000KC Standard 
5-Pin Mount 

6, 8, 10 Volt Oven Broadcast, Fixed Sta-
Variable Air Gap tions end Freq. Stand-
+1/2 °C. Accuracy ardu. 

CRC 60-10000KC Special Micrometer Adjust. 
V ariable Air Gap 

broadcast, Fixed Sta. 
firms and Freq. Stand-
ardt. 

VDO 1000- l000ecc 
Standard 
5-Pin Mount 

Single or Dual 6 Volt 
Oven 
Gasket Sealed 

'/2'C. Accuracy Accuracy 

Fixed and Mobile for 
Transceiver Equip-
ment. Railroad 
munications. 

VES I 000-40001CC 142.5,Dp.ini nn Variable Air Gap 
Horizontal Mount 

Police and Fixed Ste-
lions. 

VS1 1000-4000KC .123 Die.i Pingns 
74' Spac 

Fixed Air Gap 
Pressure Clamped 
Horizontal Mount 

Po lice and Fixed Sta-
lions. 

VDS 1000-6000K c 
ss/7.3,01..". Mount Single or Dual 

Crystals 
Gasket Sealed 

M arine ,Aircraft., 
Police. 

VD, 1000-6000KC 
Octal 
I, 8-4, S 
Xtel A —Xtal II 

Single or Dual 
Crystals 
Gasket Sealed 

Marine, Aircraft or 
Police. 

XIS 80-1000KC .125 Dio. Pi. 
s Spacing 

Clamped Crystal Radar and Fixed Sta-
Mount. Hermetically lions in the Low Fm.. 
Sealed quency Range. 

XL- 100 1013KC .125 Die. Pins 
'  3/4  Spacing 

Clamped Crystal 
Mount. Hermetically Frequency Standards. 
Sealed 

VT1 1000-10000KC Octal 
2, 3-7, 8 

Vacuum Sealed Metal 
Tube Type Unit 

Frequency Men"' 
Standards end General 
Applications. 

VM2 1000-4000KC .125 Dio. Pi Pi ne 
74' Spacing 

Fixed Air Gap 
un Horizontal Mot 

Gasket 'Sealed 

Fixed and Mobile Ap-
pl cat 

VP3 2000-6M/01<C 142,5,Dpoia.lnir e 
Fixed Air Gap 
Horizontal Mount 
Gasket Sealed 

Marine, Police, Arno-
tour, Fixed and Mobile 
Stations. 

CM1 

CMS 

100D- 4000K C 
.125 Die. Pins and 
G.E. Pins 1/4 ' , 1/4 Ws% 
.850 Spacing 

Gosliet Sealed 
Fixed Air Gap 
Vertical Mount 

Marine, Police, Air-
craft and General Ap-
plications. 

Marine, Police, Ama. 
tom, Fixed and Mobile 
Stations. 

2000-60000KC 

1000,4000KC 

..:::?ei...Itiinngs Gasket Sealed 
Fixed Air Gap 
Vertical Mount 

AI Solder Lugs Flat Compact 
Gasket Sealed 

Aircraft 

VR I 2000-10000KC 

453,5 4K5tt, 

4000-60000KC 

:et:Psi:Jinn: 
Fixed Air Gap 
Vertical Mount 
Gasket Sealed 

Marine, Police, Air-
craft. 

CFI Solder Lugs Small, Flat, Compact Filter Applications. 

VR6 '050 Din» Pins .486 Spacing 
Vacuum 
Sealed Metal Case 

Mobile, Fixed Stations, 
VHF, Experimental. 

For every crystal application, VALPEY invariably 
gives outstanding performance. Select your 
VALPEY unit from the above chart, or send your 
specific crystal requirements to VALPEY. In every 
field where accurate crystal control is the aim — 
invariably it's VALPEY. 

HOLLISTON, MASS. 
Craftonsanthip on Crystals Since 19.11 
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For CW Only or CW and FON 

Frequency Ronge: 1.7-3 
Power Input: 130 Watts Phone 

175 Watts CW 
Power Output: 100 Watts Phone 

130 Watts CW 
Radio Fr•quency Tub•s: 6V6 Crystal oscillator 

616 Doubler 
814 Final amplifier 

Audio Frequency Tubes: 6517 1st Audio amplifier 
6SF5 2nd Audio amplifier 
6F6 Class B driver 
2-807 Class B modulators 

peration 

Té HARVE 
100- RANSMITTER 

You can get the HARVEY 100-T Transmitter for CW 

operation only (without Modulator) or complete for 
radio, telephone and telegraph operation. These 
sturdy, efficient, thoroughly dependable units will 
meet your highest expectations of operating ease and 
performance. 

The HARVEY 
1004 Modulator may be 
odded to th• 100-1 
T,uniwattit 51 time 

ill Out5ijei.mHouAditj,r;:, 

Piet* CW tronsmite« cap-

on 5 bands. 

Rectifier Tubes: 2.866 Final amplifier supply 
83V Oscillator-Doubler supply 
513 Speech amplifier supply 
RK-60 Modulator supply 

Power Source: 115 volts 50, 60 cycles 
Power Drain: 730 watts 

Microphone: Single cell crystal type 
Cabinet Size: 201/2 " high, 191/2 " wide, 13Va" 
Net Weight: 150 lbs. 68.04 Kilos 
Shipping Weight: 225 Lbs. 102.06 Kilos 

Stt 14Ne i'orkototiece 

04 lour Cittuits 

ihe test 

0..k.-CP.P.`risuat lenrinent Signoi 

Genera 
ethod te prtohve  ides *Ne 5•44.ffiee, St 
m for oestmerit and align-

ment oi tuned circuiis.With it the ten. 

p‘ete roe) Ereduency response curve 
oi any cirCUit COT', be presented on on 

osciescope screen. Variations in 

circuit egret-me can be occuratehi 

evaluated and recessorf cboeget 

mode in mottel ot seco" 
o ds. 

Write for Bulletins containing 
ur rout;... on the lat9.• 1.1 ARVFY 
Transmitter developments. 

\LIAR-CA110) 

_ 

HARVEY RADIO 

LABORATORIES, INC. 
436 ConcordAve.,Cambridge38,Mass. 

Makers of Marine Radio Telephones, itsigulat•d 

Power Supplies and Emergency Communications Equipment. 
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CX-49A 

.4%-TA 

H DCL 

STOP TANK CIRCUIT LEAKS 
. . . with this complete B & W Coil 

and Capacitor assembly 

B & W Type CX Variable Capacitors provide for direct 
mounting of It & W Air inductors. Wiring is elim-
inated. Circuit lead lengths are redueed to an abso-
lute minimum. Opposed stator sect' s in the 
capacitors provide short r-f path. Butterfly rotor 
construction permits grounding rotor at the eetitee 
r-f voltage ;milli with respect to stators. Bu ¡ It 
neutralizing rain:ill ors can be n ttttt nted on end 
plate. Standard types rated at 501). 730 and 1.000 
watts. Treat your new rig to real tank circuit effi-
ciency! Write for catalog. 

Neutralizing Plates Available in 4 Types 

B & W B, T AND HD INDUCTORS 
1110- WATT, 500-MATT AND I KM TYPES 

• MINIMUM DIELECTRIC IN THE FIELD OF THE COIL 

• EXTREMELY LOW LOSSES RUGGED CONSTRUCTION 

• EXCELLENT APPEARANCE— LOW COST 

Type "W inductor is for use on oscillator and buffer-
doubler stages developing up to 100 watts. Available 
in center tapped  leis will t link; end link: 
center link, center tapped; and Variable link—center 
tapped. For 5, 10, 15. 20. 40 and 80 meter bands. 
Type “T" is specially suited for high powered 

neutralized buffer and final tank stages where 
powers of 500 watts are developed tvailable in center 
tapped models wit) t link: center linked with 
center tall and variable linked with center tap. 
Made for 10, 15, 20, 40 and 80 meter hands. 
Type "HD" is for maximum power and handles a 

kilowatt with ease. Available in center tapped models 
without link; center linked with center tap and 
variable linked with center tap. Made for 10, 15, 20, 
40 and 80 meter bands. 

B & W TVH INDUCTORS 
for powers up to 500-watts input 

Here is il special group of units designed for greater 
flexibility through use rifan  eight plug jack bar. With 
tlet,t• inductors it is possible to ( .4 t au i ti 
call • a fixed padding capacitor m hen using the low 
frequency coil. .-tvailable for 10, 15, 20, 40 and 80 
meter hands. 

SEE B & W PRODUCTS AT YOUR JOBBER'S 

Write for Complete Amateur Catalog 



2 A / SAND HOPPERS' 

iffif"(([ 

B & W TURRET ASSEMBLIES 
Fast, positive band switching for your rig: Moderate in cost 
— easy 14, install — adaptable to 1-10. 1111. 20. IS and 10 melee 
bands. These turrets mlliii ll ate alisorpt•  effects through 
lisc of a  • me swit«'sing assembly which shorts  sed 

B & W — 75-Watt 2% " 11 % ND HOPPERS" — A c pact 
and panel etlii trolled unit se hick may lie used for interstage 
COU piing bet %seen two beam power tubes or between beam 
miner tubes anti triodes. 

It & W 75-WATT TURRETS — for link coupling single 
ended or push-pull low porwer stages. Nlou ii ted Olt a positive 
tali'  switch arranged for panel n lllll nting through a single 
3/8" hole. 
Type JTCL— Center linked. center tapped coils. 
Type JTEL — End linked. untapped coils. 
JI & W 150-WATT RRETS— for single- and double-

ended circuits. These t the same as 75-n at I t urrets and 
are used with tubes operating at voltages up to 1000 volts. 

Type ELL — Center linked. center tapped coils. 
Type BEL— End linked,  apped coils. 

B & W BABY TURRETS- 33-WATTS 
Bated at 35 Watt s. these compact. 5-ha ud SW itching  ts 
cover amateur bands fr  10 to 80 meters. They are suitable 
for all services with any .if the 50 mmfd. mid g1•1 m  le users. 
Sturdy construct'  and unusual design assIlres permanent 
coil al ig •eit and maximum efficiency nigh the  • 
 ber tif tubes. Available in four t x pest IVI'M straight un-
tapped; BT( — center tapped; — end linked; and 

— center linked. All provide vastly i Ill proved band 
switching efficiency in low power transmitters and exciter 
stages. 

ANTENNA INDUCTORS TA AND HDA 
These coils are st lll nd s. 1111  41 Clipper W ire for ease in 
tainiing feeders and have fixed center links for 114111pling to 
either fixed or variable linked final tank circuits through low 
impedance line. _.t%ailalde for 10. 15. 20. 1.0 and 80 meter 
bands. Type TA for poner input up to 500 watts and Type 
IIDA for power inputs of one kilowatt. 

B & W 3400 SERIES INDUCTORS 
Presenting the ut st in sturdy vonstrurt•  and electrical 
flu these coils are built nigh an individual internal 
reinter comiling. adjustable over 360° — permitting precise 
ini liedance matching up to 600 ohms. For !boners up to 500 
n. at is. Available for 10. IS, 20. 10 anti 80 meter bands. 

THE MIDGET R-F COILS 
of dozens of uses 

Goodh>e to homemade high-frequenev roils! 
B & Minitluctortt cost little. are beautifidly con-
structed — and do the job right. Every day. ama-
teurs, evperimenters and equip tnt manufacturers 
tell us of new applications where SI iniductors have 
replared homemade coils with a lug boost of 
efficiency. Use them for receivers. transmit term and 
test equipment — in tank circuits as r-f chokes, 
high-frequency i-f transformers atid leadiftg euils 
and for dozens of other purposes. 
B & W “Air Wound.' construct'  permits small 

hut sturdy supports with the absolute snit t i ttt um 
of insulating material in the electrical field. Q 
factor is amazingly high. StlilIllard iniductor 
diameters are 1/2 ". 5/8", 3/4" anti I . each anailable 
in four different winding pitches. ‘ 1. n, ,ntr j1,1,11cr. 
It, ran supply these C01114. lea. 1.:12.-,1, 
iit standard 2" or 3" lengths. 

BCL 

t4O-HDA 

TCL 



W5DZ—Colonel W. P. Clarke—Waco, Texas 

Equipped by ALLIED. Listen for 

him on 20 and 75 meter phone. 

W5SH—Edwin C. Show—Fort Worth, Texas 

Equipped by ALLIED. Listen for 

him on 10 and 20 meter phone. 

WOFBS—Tom Atherstone—Denver, Colorado 

Equipped by ALLIED. Listen for 

him on 10 and 20 meter phone. 

"Equipped by 

ALLIED" 

"Equipped by ALLIED" is a famous 
by-word in the Amateur Radio world. 
From the early days of 200 meters and 
spark transmitters to the micro-waves 
of today, ALLIED-equipped rigs have 
been writing radio history. 

The three post-war stations illustrated 
here are typical of hundreds of modern 
Ham Shacks "equipped by ALLIED." 
Each has its own story—a friendly, 
personal story, because into each has 
gone the full interest of ALLIED'S 
amateurs working with fellow 
amateurs. There's more to each than 
just the equipment. 

Whether you're starting from "scratch," 
rebuilding, or newly licensed, you can 
count on ALLIED ... where hams 
understand ham problems... 

IN AMATEUR RADIO 

FOR OVER 25 YEARS 

833 W. JACKSON BLVD DEPT. 10-7, CHICAGO 7, ILL. 

WRITE FOR YOUR COPY 

OF THE LATEST 

ALLIED CATALOG 
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ACCURACY STABILITY 
ACTIVITY HIGH OUTPUT 
DEPENDABILITY at _ow  Cost 
For years PR Precision Crystals have set performance standards 
in all types of service . . . amateur, commercial, marine, broad-
cast, mobile, police, aircraft. PRs are the foremost choice of ama-
teurs . . . the most critical users of crystals today. PR Crystals 
have earned this reputation by LOW DRIFT characteristics, less 
than 2 cycles per MC per degree Centigrade . . . HIGH OUTPUT 
AND DEPENDABILITY even at highest permissible crystal currents 
. . . ACCURACY within .01 per cent of specified frequency . . . 
HIGH ACTIVITY especially desirable for break-in CW operation 
. . . X-ray orientation . . . CONTAMINATION AND MOISTURE-
PROOF through permanent gasket seal . . . ' 2-inch pin spacing. 
Every PR is UNCONDITIONALLY GUARANTEED. Your EXACT 
FREQUENCY (Integral Kilocycle) AT NO EXTRA COST. See your 
jobber for PRs. His stock is complete for ALL BANDS. Accept no 
substitute. — Petersen Radio Company. 2800 West Broadway, 
Council Bluffs, Iowa. (Telephone 2760) 

COMMERCIAL 
PR Type Z-1 

80 and 40 METERS 
PR Type Z-2 

20 METERS 
PR Type Z-3 

10 METERS 
PR Type Z-5 

Frequency range 1.5 to 10.5 MC. De-
signed for rigors of all types of commer-
cial service. Calibrated .005 per cent of 
specified frequency. Weight less than 
3/4 ounce. Sealed against moisture and 
contamination. Meets FCC require-
ments for all types of service. 

Rugged. Low drift fundamental oscil-
lators. High activity and power output. 
Stands up under maximum crystal cur-
rents. Stable, long-lasting, permanent-
ly sealed $2.65 Net 

Harmonic oscillator. Low drift. High 
activity. Can be keyed in most circuits. 
Stable as fundamental oscillators. Fine 
for doubling to 10 and 11 meters or 
"straight through" 20 meter operation. 

$3.50 Net 

Harmonic oscillator for " straight 
through** mobile operation and for fre-
quency multiplying to VHF. Heavy out-
put in our special circuit $5.00 Net 
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DUMMY ANTENNA 

RESISTORS 
To check R. F. power, deter-
mine transmission line losses, 
check line to antenna imped-
ance match. Helps tune up to 
peak efficiency. Non-inductive, 
non-capacitive, constant in re-
sistance. 100 and 250 watt sizes 
in various resistances. 

PARASITIC 

g SUPPRESSOR 
Small, light, compact non-in-
ductive resistor and choke, de-
signed to prevent u.h.f. para-
sitic oscillations which occur in 
the plate and grid leads of 
push-pull and parallel tube cir-
cuits. Only 13/4" long overall 
and 5/8" in diameter. 

R. F. PLATE CHOKES 
Single layer wound on low power 
factor steatite or bakelite cores, 
with moistureproof coating. 
Nine stock sizes for all ham 
bands from 1.8 mc to 460 nie. 
Small, high frequency chokes 
mount by wire leads. Larger 
sizes mount on brackets. All 
sizes rated 1000 ma or more. 

R. F. POWER LINE 

CHOKES 
Keep R.F. currents 
from going out over 
the power line and 

causing interference with radio 
receivers. Also used at receivers 
to stop incoming R.F. interfer-
ence. 3 stock sizes, rated at 5, 
10 and 20 amperes. 

tuítÁ 
RHEOSTATS * RESISTORS 

BROWN DEVIL 

RESISTORS 

Small, extra sturdy, wire wound 
vitreous enameled resistors for 
voltage dropping, bias units, 
bleeders, etc. Proved right in 
vital installations the world 
over. 10 and 20 watt sizes in 
resistances up to 100,000 
ohms. 

CENTER-TAPPED 

RESISTORS 
For use across tube filaments 
to provide an electrical center 
for the grid and plate returns. 
Center tap accurate to plus or 
minus 1%. Wirewatt ( 1 watt) 
and Brown Devil ( 10 watt) 
units, in resistances from 10 to 
200 ohms. 

ADJUSTABLE 

DIVIDOHMS 
You can quickly adjust 
these handy Dividohms 
to the exact resistance 
you want, or put on one 

or more taps wherever needed. 
7 sizes from 10 to 200 watts. 
Many resistance values up to 
100,000 ohms. 

FIXED RESISTORS 
Resistance ss ire is 
wound over a porce-
lain core, permanent-
ly locked in place, in-

sulated and protected by Ohm-
ite vitreous enamel. Available 
in 25, 50, 100, 160 and 200 
watt stock sizes, in resistances 
from 1 to 250,000 ohms. 

HAUTE 
CHOKES * TAP SWITCHES 

e 

92 Ohmite Vitreous Enamel is unexcelled as a protective and bonding covering for resistors and rheostats. 



e ¡Hl MOTE Rheostats*Resistors*Chokes*Switches 

CLOSE- CONTROL 
RHEOSTATS 

Insure permanently 
smooth, close control of 
communications, electron-
k and electrical devices. 
Widely used in industry 
and in war equipment. All 
ceramic, vitreous enam-

eled. 25, 50, 75, 100, 150, 225, 
300, 500, 750 and 1000 watt 
sizes. Approved Army and Navy 
types. 

LITTLE DEVIL 

INDIVIDUALLY 

MARKED 

INSULATED 

COMPOSITION 

RESISTORS 

New, tiny, molded 
fixed resistors each 
marked with resistance 
and wattage rating. 
1/r Watt, 1 watt and 2 watt sizes, 10% tolerance. 
Meet Army. Navy Specification JAN-R-11. Can 
be used at full wattage rating at 70 C ( 158 F) 
ambient temperature. Dissipate heat rapidly. Low 
noise level. Low voltage coefficient. Stocked in 
standard RMA values from 10 ohms to 22 megohms. 

Available only from 

Ohmite Distributors 

lietûre,L 
e 

HIGH- CURRENT 

TAP SWITCHES 

Compact, all ceramic, multi-
point rotary selectors for 
A.C. use. Silver to silver con. 
tacts. Rated at 10, 15, 25, 50 
and 100 amperes with any 
number of taps up to 11, 12, 
12, 12, and 8 respectively. 
Single or tandem assemblies. 

se, 

Il 

ts, 

HANDY 

OHMITE 

OHM'S 

LAW 

CALCULATOR 

'D 

HIGH -VOLTAGE 

SWITCH 

For general use where high 
voltage insulation is required. 
Suitable for circuits up to 1 
K.W. rating. Used for band 
changing. meter switching, 
tapped transformer circuits, 
etc. Ceramic construction. 

Very useful in training schools, in labora-
tories and in industry. Figures ohms, watts, 
volts, amperes — quickly, easily. Solves 
any Ohm's Law problem with one setting 
of the slide. All values are direct reading. 
No slide rule knowledge is necessary. Scales 
on two sides cover the range of currents, 
resistances, wattages and voltages commonly 
used in radio and electronic applications. 
Size only 41/8 " x 9". Send only 10c in coin 
to cover handling cost. 

RB-2 DIRECTION 

INDICATOR 

POTENTIOMETER 

A compact, low cost unit used in 
a simple potentiometer circuit as 
a transmitting element to indi-
cate, remotely, the position of a 
rotary beam antenna. Used with 
an 0-1 mdliatneter. 

SEND FOR FREE STOCK CATALOG—Gives helpful information 
and data on Ohmite stock units for essent:al applications— lists hundreds 
of stock values. Very handy for quick reference. 

OHMITE MANUFACTURING COMPANY 

4844 Flournoy St., Chicago 44, U. S. A. Cable "Ohmiteco" 93 
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SPEAKERS 

REPRODUCER'S 

it I: 1- It 0 tI 

HYPEX Projectors letter than 

ever— more efficient. They have the famous 

Hypex "flare formula"—not exponential—devel-

oped by Jensen acoustical research. Driver units 

employ the Jensen "Annular" diaphragm, clamped at 

periphery and center—another exclusive feature! 

COAXIAL Speakers. Now four improved 15" and 12' 

designs for high-fidelity, extended-range reproduction. High. 

frequency Control provides instant fidelity adjustment to suit 

program quality and listener preference. Available in com-
plete Reproducers. 

- SPEECH MASTER Reproducers. Designed especially for 
crisp highly-effective ,percii rupruciliction. Desk-, panel-, wall-

, mounting types in power ratings for low-level and high-level 

.....,r — ,. 
,,, k 

BASS REFLEX* Reproducers. A complete line of 

reproducers with speaker installed, or enclosures only, 

in fine furniture or utility styles—all with the smoothly 

extended low-frequency range for which Jensen Boss 

Reflex is justly famous. 

• These are only a few of the many distin-
guished products in the complete Jensen line. 

Write for catalogs and dota sheets tor 
further I tit, 7,1(l i1011 

ermen 
SPEAKERS 

WITH 

401/c° 
filreerirtid.à iii owe/. Ilevi,erfrelevir (7,iieee sireirediceel 6e/fa y,»,, JO 

JENSEN MANUFACTURING COMPANY • 6611 SOUTH LARAMIE, CHICAGO 38• ILLINOIS. In Canada—Coper Wire Products Ltd., 11 King Street West, Toronto 
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...both are included in G.E.'s complete line! 

T OUR G-E tube distributor will be glad to 

give you, on request, a copy of Booklet 

ETX-19, listing all G-E ham tubes with their 

prices and ratings. Or write for this booklet— as 

well as any special circuit information or facts 

you need about tube applications— direct to Elec-

tronics Department, General Electric Company, 

Schenectady 5, New York. 

GENERAL 

Read G.E.'s "Hans News" regularly, and keep pu.t..ed 

on up-to-the-minute circuit developments. Your dis-

tributor has this publication for you— FREE. 

HAM NE W14'71 

ELECTRIC 
I 6 1-ta••••5 0 

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR 



HAMS 
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I * Stop in at Chicago or New York branches to Gen' %‘,0se 

see Newark's famous BARGAIN COUNTERS! 
V‘s% 

What we mean by the slogan on the left 

is just this: Newark has HAMS in all 

branches. Being hams, they are naturally 

FOR HAMS. And they know how to fill 

all requests BY HAMS. The huge stocks 

they draw from will fill all the needs OF 

HAMS in their pursuit of the world's most 

fascinating hobby. 

ONLY ONE WAY TO GET THE LATEST DOPE! 

You naturally want to be in on the latest 

dope in ham merchandise. We keep 

everyone informed so far as possible by 

advertising. BUT — magazines go to press 

long before they appear. And today's 

fast-moving markets find new products and 

tremendous surplus bargains coming out 

between issues. So we publish: 

BIG BARGAIN BULLETINS -- GET ' EM! 

Chock full of real ham values, these are 

mailed direct to hams who want them and 

who take a moment to let us know they 

want them. So drop us a card or fill in the 

coupon below and paste it on a card. 

it now! 

1 the 

setel 

&slie 

NEW YORK CHICAGO 
Offices 8. Warehouse 323 W. Madison St. 

242W.5.5thSt.,N.Y.19 • - - - -- Chicago 6,111. 

New York City Stores. 115-17 W 215th St. & 212 Fulton St 

* Always fast, friendly ham service from all Newark branched 

96 
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iJú MORE APPROVED TYPES 

COMMUNICATION• INDUSTRIAL 

RECTIFICATION • AMATEUR 

EXPERIMENTAL • ELECTRO-

MEDICAL • SPECIAL PURPOSE 

11111PEREH POWER TUBES 
For a quarter century AMPEREX has been closely identified with 
creative research, laboratory approach, precisiiM manufacture and 

helpful service in its chosen field — power tubes. This specialized 
concentration has earned AMPEREX a unique position of leadership. 

Make Good Equipment Better With Better AMPEREX Tubes 

4'ik£•.:.- • 

WRITE FOR THIS 8-page 
miniature encyclopedia of 
power tube information. 
Will save you hours of text 
and catalog exploring. Gives 

essential characteristics of 
more than a hundred tubes 
classified by function. 
Tables keyed to output with 
handy cross index of type 
numbers. Truly useful 
and practical. Real 
time-saver. Write for 
your copy today 

• \ IT'S FREE. 

YOUR PLANS—YOUR PROBLEMS 

As tube specialists deeply con-

cerned with all modern develop-

ments, Amperex engineers are in a 

position to give you detached ad-

vice and information. YOU ARE 

INVITED to write the Amperex Ap-

plication Engineering Department 

for answers to specific questions. 

11111PEREH ELECTROIM ORPORATI011 
25 WASHINGTON STREET, BROOKLYN 1, NEW YORK 

11.19 BRENTCL IEEE RD, LEASIDE, TORONTO 12, ONTARIO, CANADA 



TRIMM 
***HEADSETS 

y our 

next pair of headsets will be a TRIMM. ... Perhaps 

your station is known 'round the world; the best is none 

too good; TRIMM Featherweights or Commercials are your 

choice. Perhaps yours is a more modest rig; TRIMM Pro-

fessionals, Dependables, "B" or "E" may fill your needs. Or 

perhaps you're just about to learn code and pennies count.. . . 

You'll want a TRIMM Acme or Rex. Twenty-five years' experi-

ence assure the best in each price class. 

Available at all leading distributors of 

amateur supplies throughout the world. 

Literature available by addressing De-

partment A. 

TRIMM, INC. 
1770 W. Berteau Ave., Chicago, Ill. 

98 
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No. 536 Pyramid 
Tip, made from 
Tellurium 

/ 

No. 538 Chisel Tip, 
made from Elkaloy 
A, Tip Vs di.). 

No. 537 Pencil Tip, 
made from Elkaloy 
A, Tip Ve- dia. 

SEE YOUR NEAREST RADIO, 
HARDWARE OR HOBBY DEALER 

Built for speedy accurate 
soldering, this powerful little 
pencil iron will perform rug-
ged heavy duty jobs as well as 
those requiring intricate exact-
ness. 

QUICK HEATING... 90 SECONDS 

LIGHTWEIGHT 3 6 OUNCES 

HANDY SIZE  7 INCHES 

SAVES ELECTRICITY 20 WATTS 

These 4 INTERCHANGEABLE 

tips give you a point for 

each particular job. 

BOX 2255, TERMINAL ANNEX • LOS ANGELES 54, CA 
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The Collins 32V- I 150 watt Transmitter 

Medium Power in Small Space 

The 32V-1 is a natural for those who want medium 
power in a small cabinet. It is complete in one 
package. All you need to put it on the air are a 
key or microphone, antenna, and a 115 volt a-c 
power source. Its convenient size allows either 
permanent installation or portable use. 
The 32V-1 is rated at 150 watts input on CW 

or 120 watts on phone. A receiver type cabinet 
houses the entire unit—power supply, audio, and 
r-f. All r-f stages except the final are permeability 
tuned and ganged with the v.f.o. The dial is cal-
ibrated directly in frequency. Bandswitching is 
employed, thus eliminating plug-in coils. 
The output network will match impedances 

of 50 ohms to 600 ohms. Balanced or unbalanced 
open wire lines and antennas, and concentric 

transmission lines, can be used 
with good efficiency. Other trans-
mission systems can be used with 
link coupling to the transmitter 

output. 

In brief, here are the features of the 32V-1: 

bandswitching 

v.f.o. control 

150 watts input on 
CW 

120 watts input on 
phone 

80, 40, 20, 15, 11, 
10 meters 

push-to-talk 

table model 

211/4' w, 12 7/16' h, 
137/s' d 

ganged tuning 

pi output network 

clean keying 

direct frequency 
calibration 



Designed Specifically for 
Amateur Radio 
Every detail of the 30K is thoroughly engineered to as-
sure the best performance for amateurs—it is not modi-
fied military equipment. Operating convenience and re-
liability are provided in the design and construction. The 
v.f.o. controlled exciter unit is in a receiver type cabinet 
that can be set right on the operating desk. Bandswitch-
ing in both the exciter unit and the transmitter itself fa-
cilitates multi-band operation. Three sets of antenna 
terminals are provided, with provision for switching 
antennas. 
The speech clipper and low pass audio filter in the 

speech amplifier enable the operator to maintain a high 
average modulation, yet keep a narrow signal and pre-
vent overmodulation. 

101 

The Collins 30K 

SOO watt Transmitter 

Compare the following features—see how 
they fit your desires: 

bandswitching 

v.f.o. control 

500 watts input on 
cW 

375 watts input on 
phone 

100% modulation 

speech clipper 

Attractive in appearance, efficient in oper-
ation, the 30K will make a satisfying nu-
cleus for your ham shack. 

push-to-talk 
smooth, modern 

styling 
clean, sharp keying 
80, 40, 20, 15, 11, 

10 meters 
break-in operation 
115 volts a-c power 
source 

FOR RESULTS IN AMATEUR RADIO, irs... 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N.Y. • 458 South Spring Street, Los Angeles 13, California 
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A New Standard for Amateur Receivers 

the Collins 75^ Resolver 

The 75A was engineered specifically for amateurs. It 
covers six ham bands, with straight line tuning on all 
bands. The calibration is accurate to within one kilo-
cycle on 15 meters, and to within two kilocycles on the 

11 and 10 meter bands. Double conversion is utilized. 
The overall stability is within one dial division under 

all normal operating conditions. 

The 75A is permeability tuned. It performs equally 
well on all amateur bands. Image rejection is a mini-
mum of 50 db on all bands. The thoroughly engi-
neered crystal filter circuit operates smoothly in pro-
viding a bandwidth variable in five steps from 4 kc to 
200 cps. There is no loss in gain. 

Here are some of 
tures: 

double conversion 

straight line tuning 

direct frequency 
calibration 

80, 40, 20, 15, 11, 
10 meters 

50 db image rejec-
tion 

variable selectivity 

high sensitivity 

self-contained 
power supply 

its many desirable fea. 

signal strength 
meter 

permeability tuned 

receiver disabling 
circuit 

10 db signal to noise 
ratio 

three IF amplifiers 

very high stability 

accurate calibration 

amplified avc 



- 

The Collins 70E-8 v.f.o. with dial 

Know Your Frequency 

with this v. f. o. 

The çverall accuracy and stability of the 70E-8 

are within 0.015% under all normal operating 

conditions. That means that you can set it to 

within kc of any desired frequency on the 80 

meter band, and know that it will stay there. 

Sixteen turns of the vernier dial vary the fre-

quency from 1600 kc to 2000 kc. The following 

table shows the relation between the oscillator 

frequency and various amateur bands: 

Band 
(meters) 

80 
40 
20 
15 
11 
10 
6 
2 
134. 

Freq. (inc) 

3.5-4.0 
7.0-7.3 

14.0-14.4 
21.0-21.5 
27.185-27.455 
28.0-29.7 
50.0-54.0 

144.0-148.0 
220.0-225.0 
420.0-450.0 

No. of dial 
divisions 

1000 
300 
200 
166 
67.5 

425 
533.3 
200 

kc/ dial 
division 

0.5 
1.0 
2.0 
3.0 
4.0 
4.0 
7.5 

20.0 
833.3 30.0 
500 60.0 

The 70E-8 is permeability tuned. The dial is calibrated 
directly in frequency up to and including the 10 meter 
band. 10 volts r-f output are available for use in an 
exciter, band edge spotter, heterodyne frequency meter, 
or other applications. 

FOR RESULTS IN AMATEUR RADIO, IT'S... 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N. Y. • 458 South Spring Street, Los Angeles 13, California 
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1 C.T.C. RMINAL LUGS. Heavily silver 
00 plated brass 1 . A short cut to speedy assembly. 
Firmly ancho terminal boards by simple swag-
ing operatio gs heat quickly, assuring neat, 
positive wirin wo soldering spaces. Stocked to 
fit 1/32", 1/1 , 3/32", 1/8", 3/16" and 1/4" ter-
minal board t cknesses. Also available with single 
soldering s e. 

C.T.C. IT TERMINAL LUGS are being enthusi-
• asticall eceived by manufacturers of transform-

Cfb and er potted units that require soldering 
after g. A .050" hole through the lugs makes 
them 1 for this type of application. Perfect for 
terini boards, too, because wiring can be done 
from or bottom of the board without drilling 
Made )f brass, heavily silver plated, to fit 3/32" 
terminal boards. 

C.T.C. DOUBLE END TERMINAL LUGS. Tw in ter-
• inal posts in a single sw aging operation. Per-

fe electrical contact because both posts are part of 
same lug. Neat, positive wiring from either top 

r bottom. These heavily silver plated brass lugs 
re stocked to fit 3/32" terminal boards. 

C.T.C. ALL-SET TERMINAL BOARDS are proving a 
• time-saver in the laboratory and on the assembly 

liné. Just select proper width board and go to work. 
All-Set Terminal Boards are made in 3/32", 1/8" 

and 3/16" linen bakelite in 4 widths — 1/2"; 2" 
(lug row spacing 1 1/2"); 2 1/2" (lug row spacing 
2") and 3" (lug row spacing 2 1/2"). Fit all standard 
resistors and condensers. Boards may be broken in 
fifths by bending on scribed line or used full length. 
Available in sets of any of the 4 widths or in any 
single width in lots of 6 or multiples of 6. 

5 C.T.C. HAND PRESSURE SWAGER for quick, firm, . uniform swaging of terminal lugs to terminal 
boards. Adjustable to fit all thicknesses of boards. 
Lugs are put in board right side up and may be swaged 
as far as 1 7/8" from edge. Adjustable pressure as-
sures uniform swage. Unit pictured swages all 
C.T.C. standard Turret Lugs. Can be furnished with 
additional anvils and punches to fit C.T.C. Double 
End and Split Lugs. 

6 C.T.C. MATHEMATICALLY DIMENSIONED CRYS-
• TALS. A new C.T.C. development, mathematical 

dimensioning achieves greater accuracy. It assures 
consistent performance—guarantees frequency sta-
bility, high activity and long life in every C.T.C. 
Crystal. 

WRITE FOR C.T.C. CATALOG NO. 100 

It contains complete information on these and other 
C.T.C. radio and electronic components you should 
know about. It's yours for the asking. 

CAMBRIDGE THERMIONIC CORPORATION 
455 CONCORD AVENUE • CAMBRIDGE 38, MASSACHUSETTS 



for more and better QS0s 

BUILT TO CARDWELL STANDARDS 

Here is a communications receiver 
that is engineered to satisfy ex-
acting commercial requirements. 
Yet it is ideal for the amateur who 
wants better QS0s and more of 
them. Remember, it is engineered 
by Cardwell and built to Cardwell 
standards . . . then read the fol-
lowing outstanding features: 
1. Full Turret Type R. F. Section. 
(Sturdy cast aluminum construction.) 

2. Wide Frequency Coverage. 
(Range .54 to 54.0 mcs. Basic turret 
covers .54 through 40 mcs. in six bands. 
Extra coil strip, supplied on special 
order, extends range to 54 mcs.) 

3. SecondaryFrequencyStandard. 
(Unique type crystal calibrator provides 
check points of either 100 or 1000 kcs.) 

4. Variable Selectivity Crystal 
Filter. 
(Choice of 5 degrees of selectivity— 
three v ith crystal, two without.) 

5. Exceptional SIgnalto Noise Ratio 
(Receiver noise less than 6 db above 
thermal !) 

6. New Type Noise Limiter. 
(A really eftectiNe aid in reducing local 

ignition interference and similar noises.) 

7. Electrical Bond Spread. 
(Band spread scales calibrated directly. 
Arbitrary scale 0-100 also visible on each 
setting.) 

8. Direct Reading PrecisionDials. 
(Excellent visibility—pointer travel bet-
ter than 101/2  inches —ve!vet smomh dial 
action.) 

9. Temperature Compensated 
Oscillator. 
(Stability is better than 25 parts per 
million per degree centigrade. V.R. tube 
maintains maximum frequency stability 
against line voltage fluctuations.) 

10. Mechanical Coupling Provi-
sions. 
(Control shafts are brought out at rear 
for linkage to other units such as a 
transmitter exciter.) 

11. Aluminum Unit Construction. 
(Receiver and pov,er supply combined 
in one sturdy, lightweight unit 181/4" 
wide x 16" deep x 11" high. Weight 
approximately 70 lbs.) 

12. Heavy Duty Speaker. 
(Compact tilting unit 91/4 " wide x WA" 
deep x 11" high for wall or table 
mounting.) 

13. Eight Watts Audio Output. 
(Push-pull class AB—with four output 
impedances. Connections provided for 
phono-pickup or high level microphone 
input.) 

14. 18 Tubes—All Miniature. 

15. Threshold Squelch. 

16. Panoramic Adaptor Jack. 

17. Rack Mounting Model. 
(Will also be available.) 

WRITE FOR COMPLETE TECHNICAL BULLETIN 

THE ALLEN D. CARDWELL MANUFACTURING CORP. 

MAIN OFFICE 

& FACTORV: 

97 WHITING STREET 

PLAINVILLE, CONN. 

YOUR JOBBER HAS A CARDWELL CAPACITOR FOR EVERY POWER AND PURPOSE 



OVER 125 AMATEUR AND 
SPECIAL PURPOSE TUBES! 

HIGHLIGHTS OF THE RAYTHEON LINE 
RAYTHEON SUBMINIATURE TUBES 

TYPE NO. CONSTRUCTION APPLICATION FILAMENT 
VON .7a 

IM. 
Mee 
Volts 

Ma. 
Plefe 

Cur. Me. 

CAPACITANCES-
Magda 

116P lye. gated 
TYPE NO. 

C1C502AX Pentode Output Stage 1.25 ..Tàle" 45 0.6 .14 3.8 5.7 CNN« 
CE503AX 
CE505AX-  
CE506KX- '- Pentode 
CE510JUC-  

Pentode Output Stage 1.25 0.030 Oxide 45 0.8 .1 3.7 6.3 CE503.1UC 
Pentode Voltage Amplifier 0.625 0.030 Oxide 30 0.15 .07 2.7 4.4 rituasx 

Output Stage 1.25 0.050 Oxide 45 1.25 .09 3.5 6.2 CE506AX 
Double Space 
Charge Tetrads 

Voltage Amplifier 0.625 0.050 Oxide 45 0.06 0.6 2.4 2.1 CES1OAX , 

CE.515111( Triode Voltage Amplifier 0.625 0.030 Oxide 45 0.15 .65 1.5 2.5 CE515BX 
C1556JUC Triode U.H.F. Oscillator 1.25 .125 Filament 135 4.0 2.2 1.3 4.0 CE556/UC 
rirscoAx Pentode Amplifier 1.25 .050 Filament 67.5 1.8 .01 3.3 3.8 CE569AX 
CUM= Pentode UHF. Amplifier 6.3 02 Neater 120 7.5 0.015 4.4 3.8 CESOSCE 
MOUE Diode UHF. Rectifier 6.3 0.15 Heater 420 9 2.1 C10106BE 
C11:608CE 
CEBISCE 

Triads 
Triode 

Oscillator•Amp. 
OscillatorAm 

6.3 02 Heater 120 9 CE608CE 
• . 6.3 02 Heater 250 4 CE619CE 

RAYTHEON TRANSMITTING TUBES 

Typi No. COrcTelle A SPEcCALTAler. 

. 

FILAMENT 

Veils Mel. 

MAX. VOLT. 

MN Sam« 

DIAL CUIL-MA. 

MIR Sere« 

PONTE-WATTS 
Oise Ole- 
pelon Drive pet 

CAPAC. 
Iivd.h. 
O-1 

rum No. 

2C34/11134 Dual Triode H-F Oscillator-Amp. 6.3 0.8 300 80 10 1.8 16 
50 125 100- 0.27 

2.4  2C34/REN 
RE4D22-

RE4D22 Beam Tetrad. R-F Oecillator-Amp. 25.2 biF 
12.6 1.6 

750 350 300 35 

RE4D32 Beam Tetrads R-F Oecillcrtor-Amp. 6.3 3.75 750 350 300 35 50 1.25 100 027 RE4D32-
5D23/11165 11-F Tetrode RI' Amplifier 5.0 14.0 3000 500 250 80 15.0 565 0.42 5D23 11E65 
RIBD22 Tetrads Re, A-F Amplifier 5.0 28.5 3500 500 500 165 450 220 moo 0.5 R1K6D22 
BX2OA R-F Pentode Suppressor Mod. 7.5 3.25 1250 300 92 36 40 1.6 84 0.01 143120A 
BE28A. Re Pentode Suppressor Mod. 10.0 5.0 2000 400 175 60 125 2.2 250 0.02 RK28A 
11E38 Triode R-F, A-F Amplifier 5.0. 8.0 3000 160 100 10.0 225 4.3 RIC38 
BEM Beam Tetrode R-F Oscillator•Amp. 10.0 5.0 2000 400 180 40 100 1.2 250 0.2 RIC48A 
814/11E47 Beam Tetrad. R.F Oscillator•Amp. 10.0 3.25 1250 306 150 14 50 LO 120 0.12 

RAYTHEON RECTIFIER TUBES 

814 BE47 

TYPE NO. CONSTRUCTION FILAMENT 

Veihe Amps. 
MAX. PTAK 

INVERSE VOLTS   
MAX. PEAK AVERAGE 

 C. 
AURA« 
TUBE DROP TYPE NO. 

BR Full Wave-Gas 1.000 400 Ma. 125 Ma. 90 BH  
Half Wave-High Vacuum 2.5 3.0 

5.0 3.0 
20.C100 
20.000 

150 Ma. 
300 Ma. 

30 Ma. 
60 Ma. 

11131124 

RIC3329 Half Wave-High Vacuum 2.5 4.75 16.000 250 Ma. 65 Ma. 130 1113129  11E4631 
- 11E72 

Clip • r Diode-High Vacuum 5.0 5.25 16.000 16 Amp. 60 Ma 150 11E4831 

- 
Half Wave-High Vacuum 2.5 3.0 20.01:» 150 Ma. 30 Ma 200 11E72 

Arnim Half Wave-High Vacuum 2.5 5.0 
5.0 SS 

35,000 
35,000 

375 Ma. 
750 Ma. 

50 Ma. 
100 Ma 

RE705A 

REBMANN Half Wave-Mercury 2.5 5.0 10010 1.0 Amp. 250 Ma. 15 R1866A/866 
111[87211/872 Half Wave-Mercury 5.0 7.5 10.000 5.0 Amp. 1.25 Amp. 10 111.872A/872 
100SX/1005 Full Wave-Gas 6.3 0.1 450 210 Ma. 70 Ma. 20  1005/C11005 
1006/Q1006 Full Wave-Gas 1.75 2.0 1.600 600 Ma. 203 Ma  20 10013/CI1006  
C11007 Full Wave-Gas 1.0 1.2 980 .---M -11------1-U.-.1 Ma. 24 CE1007 
CE1012 Full Wave-Gas 1.75 2.0 1.200 

1.200 
900 Ma. 
900 Ma. 

300 Ma. 
X10 Ma. 

25 
25 

CE1012 

1641/11160 Full Wave--High Vacuum 5.0 3.0 4.500 
2.500 

150 Ma. 
330 Ma. 

50 Ma 
250 Ma 

61 1641/RE60 

5517/C11013 Half Wcrve-Gas 2800 50 Ma. 6 Ma. 100 5517/C11013 

AYTHEON 

TYPE NO. CONSTRUC. 

SPECIAL PURPOSE TUBES 

SPECIAL 
TION APPLICATIONS 

FILAMENT 

Valle Aries. Type 

M... 
Nee 
TRW 

Dim 
PIRIe 

Car. Me. 

CAPACITANCES-
Muhl, 

li-P lope OrIpet 
TYPE NO 

SAIS R-F Pentode U.H.F. Amplifier 6.3 0.175 Heater 180 7 0.01 4.3 2.1 SAES 6N4 Triode UHF. OscAmp. 6.3 0.2 Healer 180 12 2.3 3.1 0.55 6N4  
RE61 Gas Triode Radio Control 1.4 0.05 Oxide 45 1.5 2.5 2.7 2.8 11101 
2050 Gas Tetrad° Control Thyratron 6.3 0.6 Heater 650 100 0.2 2050 

f REE1 Get your copy of Raytheon's Chart" 9" 

flew' "Characteristics iv-
ing all important characteristics 

of Raytheon's ver 
le of o 125 

amateur ond or by 

special purpose 

tubes from your dealer  

writing us direct. 

RAYTHEON MFG. CO. 

55 CHAPEL STREET 

NEWTON 58, MASSACHUSETTS 

RAYTH ON 



HERE'S HELPFUL INFORMATION ON I C POWER WIRE WOUNDS! 

VOLUME CONTROLS 

IRC Catalog 50 lists a 
resistance unit for every 
ham-rig requirement. It's 
available at your local 
IRC Distributor. 
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FIXED POWER WIRE WOUND RESISTORS 
Resistance Range 

Type Watts length Dia. Ohms 

AB 10 13/4 " 5/11i"  1 to 25,000 

DG 20 Ms" 1 to 50,000 

EP 50 41/2 " 5 to 0.1 meg. 

ES 80 61/2 " 34" 5 to 0.1 meg. 

HA 100 61/2 " 11/4 " 25 to 0.1 meg. 

HO 200 10 1/2 " 11/2 " 25 to 0.1 meg. 

ADJUSTABLE POWER WIRE WOUND RESISTORS 
Type Length Dia. Resistance Range 

Ohms 
ABA lye  Vie" 1 to 10,000 

DH A 21/2 " 9Ati" 1 to 25,000 

EPA 41/2 " 34 ,. 5 to 0.1 meg. 

ESA 61/2 " 34" 5 to 0.1 meg. 

H A A 61/2 " 11/2 " 100 to 0.1 meg. 

HO A 1 01/2 'i 11/4 " 100 to 0.1 meg. 

260 
240 

200 

160 

120 

80 

40 

TERVIIIATURR RISE CURVE OF 
IRC POWER WIRE WOUND RESISTORS 

10 20 30 40 50 60 70 80 90 100 
POWER IN PER CENT OF RATED WATTS 

To guard against the harmful action of atmospheric moisture and cor-
rosion, IRC Fixed and Adjustable Power Wire Wound Resistors have 
a special cement coating. 
This coating is dark and rough, dissipates heat rapidly, does not de-
teriorate under any reasonable overload. It guards the winding against 
the inroads of moisture and corrosisre. action, contains no chemically 
active ingredients, no salts, to attack the wire. The cement is crack 
proof, is cured and hardened at low temperature to prevent the temper 
from being baked out of winding and terminals. 
IRC Fixed and Adjustable Power Wire Wound Resistors are wound on 
tough, non-porous ceramic forms, have extreme mechanical strength. 
They are available from 10 to 200 watts. 
The many exclusive construction features of IRC Volume Controls, Rheostats, 
BT & BW Resistors, and Precision Wire Wound Resistors have made them 
the proven favorite of radio amateurs. IRC manufactures a resistance unit for 
every ham-rig requirement. 

NEW! RESISTO-GUIDE 
—AIDS IN RESISTOR IDENTIFICATION! 

Here's practical aid in resistor range identification. 
Just turn the three wheels to correspond with the 
color code and the standard RMA range is auto-
matically indicated. 10c at all IRC distributors. 

ti I 

EMIL( 

INTERNATIONAL RESISTANCE CO. 
401 N. BROAD ST., PHILADELPHIA 8, PA. 

In Canada: International Resistancu. Co., Ltd., Toronió, Licensee 
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FOR QUICK REFERENCÇ 

WiT•RON TRANSMITTING AND SPECIAL PURPOSE TUBES 
CONTINUOUS COMMERCIAL SERVICE RATINGS 

mo. mox MOX Mettle 

Type Filament Ratings ?tote Plate Plate Net 

Description No. Volts Amps Type Volts 
1.4 0.22 Mo Dis Price 

3A5 2.8 0.11 Oxide 150 30* e $1.35 

1.0W 10y 7.5 1.25 Thor 450 65 15 1.50 
Ate HY24 2 0.13 Oxide 188 20 2 1.50 

MEDIUM 801A/801 7.5 1.25 Thor 600 70 20 2.50 
MU 841 7.5 1.25 Thor 450 60 15 2.25 

TRIODES 864 1.1 0.25 Oxide 1.20 
1626 12.6 0.25 Coth 250 25 5 1.60 

HY31Z 6 2.55 Thor 500 150* 30* 3.95 

HIGH-MU HY 1231Z 6 3.2 Thor 500 150* 30* 4.50 

551 4 7.5 3 Thor 1250 175 65 3.95 

2C26A 6.3 1.15 Coth 3500 NOIE 10 7.75 
1RIODES 12 1.6 

HY75A 6.3 2.6 Thor 450 90 15 3.95 

VHF HY1148 1.4 0.155 Oxide 180 12 1.8 2.25 
TRIODES HY615 6.3 0.175 Coth 300 20 3.5 2.25 

955 6.3 0.15 Coth 200 8 1.8 2.85 
9002 6.3 0.15 Ccith 200 8 1.8 2.00 

2E25/11 6 0.8 Thor 450 75 15 3.95 
2E30 6 0.65 Oxide 250 60 10 2.25 
3021A 6.3 1.7 Coth 3500 NOTE 15 7.50 

BEAM HY69 6 1.6 Thor 600 100 30 3.95 

TEIRODES 807 6.3 0.9 Coth 600 120 25 2.30 
AND B37 12.6 0.7 Coth 500 80 12 4.15 

PENTODES Hy 1269 12 

6 3.2 
1.6 Thor 750 120 30 4.50 

1625 12.6 0.45 Coth 600 120 25 2.30 
5516 6 0.65 Oxide 600 80 15 5.95 

OAKS 6.3 0.175 Cath Shorp cutoff pentode 2.60 
ACORNS 6Ats 6.3 e Coth full-wove det., 1-m discrim. .95 

MINIA- 964 6.3 0.15 Cath Sharp cutoff pentode 4.50 

TURES 9001 6.3 0.15 Coth Sharp cutoff pentode Peak Mox Inv AmateU f 

2.50 

*Type Filament Ratings Type Plate D-C Peak Net 
No. Volts Amps Red Ma Ma t Pot. Price 

816 2.5 2.0 Mer 500 250 5000 $1.25 

866A/866 2.5 5.0 Mer 1000 500 10000 1.75 

RECIIFIERS 8.72A 5.0 7.5 Mer 5000 2500 10000 7.50 
1616 2.5 5.0 Vac BOO 260 6000 7.50 

Average Operating Av MM Amateur 

1.̀ /Pe Operating Ma Volts Storting Net 
No. Voltage Min Max Reg Voltoge Price 

GASEOUS 0A2 150 5 30 2 185 $2.30 
VOLTAGE OB2 108 5 30 1 133 2.30 

REGU- 0C3/VR105 108 5 40 2 133 1.20 
LATORS 003/VR150 150 5 40 3.5 185 1.20 

i• *Both sections of twin triode. NOTE: Special pulse tube, not recommended for c-sv; consult Hytron 

Comme'  its olso 

ol Engineering Dept. for dato. P2E25 supersedes and replaces Iff65. ¡Current for full wove. 

For better reception, ' Hytron - oldest manufacturer specializing in rodio receiving 6A 

tubes-originator of the populor Bantam GI. 
1 80sA 
-PI &SU( au. Ill leUet 

181.111111111tir !Le 
-HYTRON - 

9001 
For more complete doto, write for you 
free copy of the Hytron transmitting 
and special purpose tube catalogue. 

HYTito 955 



$2.25 

$3.95 

To improve upon the HY75 was not easy. But the new HY75A does the trick. Maximum plate 
current of the HY75A is increased to 90 ma. Grid-to-plate capacitance is sharply reduced to 
2.6 µAM. An HY75A substituted for an HY75 in a 144-mc quarter-wave line oscillator rai%e, 
the resonant frequency by 20-30 mc. Efficiency is up; 25% more power output at 144 mc. How 
was this accomplished? By a shorter mount, smaller elements, special high-voltage processing of 
the lava insulators, redesigned vertical bar grid, and zirconium-coated graphite anode. All at no 
extra cost to you. Substituted for the HY75, the HY75A requires only pruning of the tank circuit 
and a higher value of grid resistor. For replacement or new vhf equipment, the new HY75A 
your logical choice. 

IMPROVED VERSION OFHY7S VI  

The new 5514 supplants the HY30Z, HY40, HY40Z, HY51A, HY51B, and 
HY51Z. Economies of standardization give you the low price of $ 3.95. A tube 
to grow with — the 5514 is efficient at plate potentials from 400-1250 volts. 
Associated components are economical and still usable as power is increased. 
At conservative CCS ratings, two 5514's handle 435 watts class C input; deliver 
300 watts class B output. One HY69 or 807 can overdrive at maximum input 
two 5514's in class C. No costly protective fixed bias is needed for this all-
purpose, zero-bias 5514. Features: zirconium-coated graphite anode, low- loss 
lava insulators, dual plate connections, ceramic hushing for plate cap, grid Ic•ads 
to pins 2 and 3, convenient 4-pin medium low-loss base and 7.5-volt filament. 

Designed for frequencies beyond the capabilities of the 2E25, the new 5516 
plate-modulated delivers usetul power outputs of 21, 16, and 12 watts at 75, 
125, and 165 mc respectively. No neutralization is needed in properly designed 
circuits. All electrode potentials may be applied simultaneously for minimum 
battery drain in mobile and aircraft use. A dish-pan stem gives short leads with 
low inductance and capacitance. The zirconium-coated plate and specially treated 
grids permit higher power outputs. Three separate base-pin connections to the 
filament center tap provide for lowest possible cathode lead inductance. Excel-
lent r-f screening, high power sensitivity, conservative CCS ratings make the 
5516 ideal for powering all stages — r-f and a-f — of your mobile equipment, 
thus simplifying the spares problem. 

Best illustration of the 2E30's versatility is Ed. Tilton's article beginning on page 
31 of QST for June, 1946. Mr. Tilton uses the 2E30 as crystal oscillator, frequency 
multiplier, speech amplifier, and class AB. modulator. Primarily for mobile and 
aircraft vhf equipment, the 2E30 is an excellent driver for h-f or vhf fixed stations. 
Designed, manufactured, and tested for transmitting, the 2E30 has a husky, instant-
heating filament and generous maximum plate dissipation ( 10 watts). It develops 
high efficiency at only 250 volts plate and screen. Imagine doubling to 144 mc with 
A watts output and 0.5 watt drive. The miniature bulb is compact, has low base 
losses, lead inductance, and capacitance. You can find many uses for the economical 
2E30 — a peanut for size, a power-house for output. 

$3.95 

$5.95 

With this HY-Q 75 linear oscillator kit, you can be on 11/4 
or 2 meters in an hour. Features are: carefully engineered for 
easily duplicated results, micrometric tuning ( 140-250 mc), 
silver-plated tank, precision-machined shorting bar, special 
filament, grid, and plate chokes, non-inductive coaxial plate 
blocking condenser, quick band changing, chart for fre-
quency determination, peak performance for HY75A or 
HY75 ( useful power output with HY75A is 17.5 w on c-w, 
13.5 w on phone), easy pictorial instruction manual. 

SEE THESE FIVE NEW HYTRON PRODUCTS AT YOUR JOBBER'S. 

ONICS"MP•, 

Unassembled $9.95 

Assembled $11.95 
(without tube) 



Be "In the Know" 
on radio receiver engineering practice 

with PHOTOFACT* FOLDERS 

1 

SAMS ' 
Radio f.neecr's Service 

1:Y010FP.0 ow .S. 

Do you keep up to date on modern receiver design practice? 

Do you know how engineers in the laboratories of radio 

manufacturers solve various design problems? 

This information, fresh and new as this month's QST, is 

available to you in Howard W. Sams Radio PHOTOFACT 

FOLDERS. There's no need to wait for year-old compilations 

of data! 

PHOTOFACT FOLDERS bring you so much more than 

ordinary schematics. Complete with clear-cut photographs and 

technical information that runs from four to twelve pages, 

they tell you everything you want to know about the latest 

radios, phonographs, intercommunication systems and power 

amplifiers. Service engineers find them indispensable because 

they save up to 50 percent in bench time. 

PHOTOFACT FOLDERS are published in envelopes contain-

ing 30 to 50 folders at $1.50 per set. This price includes 

membership in the Howard W. Sams Institute, which 

brings you practical answers to questions about receiver ser-

vicing, repair, adjustment and maintenance. See PHOTOFACT 

FOLDERS at your favorite radio parts supply house. 

*Trade Mark Reg. 

In Each PHOTOFACT 
FOLDER You Get — 
1. From two to a dozen clear cut 
photographs of the chassis—com-
pletely identifying each component 
for instantaneous checking or re-
placement. 2. A keyed reference 
Parts List giving complete specifica-
tions on each component, manufac-
turer's part number, available re-
placement type or types, and 
valuable installation notes. This 
makes it possible for you to select 
from your stock or immediately 
order a part which meets all exact-
ing requirements. 3. A keyed refer-
ence alignment procedure for the 
individual set, with adjustment fre-
quencies and recommended standard 
connections. 4. Complete voltage 
analysis of receiver. 5. Complete 
resistance analysis of receiver. 6. 
Complete stage gain measurement 
data. 7. Full page schematic dia-
gram. 8. Dial cord diagram and re-
stringing instructions. 9. Complete 
disassembly instructions. 

HOWARD W. Sams& co,mc. RADIO PHOTOFACT SERVICE 
In Conodo— write to A. C. SIMMONDS S SONS, 301 King Street fast, Toronto, Ontario 



UNIVERSAL MICROPHONES 

ready to help you pin the meter! 

As America's oldest independent manufac-

turer of microphones, the Universal Micro-

phone Company has always been at the 

service of radio amateurs everywhere. You 

were our first customers "away back when," 

and we are ready, now and in the future, to 

help you make your rig pin the meter with a 

Universal Microphone! 

NEW 020 SERIES DYNAMIC MICROPHONES 

This postwar model is especially suited for recording, public 
address, transmitters, or wherever a full-ranged dynamic micro-
phone is desired. It combines modern appearance and rugged 
stability. The built-in cable connection is easily accessible 
without interference with the microphone, and "stand and 
cord" noises are minimized because the internal element is 
mechanically isolated. The D20 Dynamic Microphone is 
designed for indoor and outdoor use with a frequency range 
of 50 to 8000 cycles. Its special "Micro-Adjust Swivel" assures 
smooth, easy adjustment and steady, positive positioning any-
where throughout a 60° angle. Finished in satin chrome. 
Complete with 25' low loss cable and detachable connector. 
Available in models of 50, 200, 500, and 40,000 Ohms. An 
exceptional value at only S32.50. 

A HOME RECORDING HEAD OF PROFESSIONAL QUALITY! 

Universal's design and engineering skill, long experi-
enced in the manufacture of precision studio recorders, 
has produced this superior home recording head. It 
outperforms similar recording heads of magnetic design 
since it purposely accentuates the high frequency range 
in amount and degree to compensate for high frequency 
losses common to home recording records and phono-
graph circuits. This assures a "sparkling" tone quality. 
Its sensitivity and impedance are keyed to match stand-
ard home recorders, thus eliminating special adjustments. 
Finished in deep brown enamel. Complete with solder 
terminals, spring tempered phosphor bronze knife edge, 
steel attachment plate, mounting screws and long styli 
set screw. Only $ 11.50. 

"KD" DYNAMIC MICROPHONE 

This popular low-cost microphone 
now is available in a new and im-
proved design. Excellent for home 
recording, amateur applications. Com-
plete with 10 ft. rubber covered 
cable. Impedance 40,000 Ohms. Only 
517.75. 

D61 CONSTANT VELOCITY FREQUENCY RECORD 

Here's a handy tool for direct checking of re-
sponse characteristics of phonograph pick-ups. 
Also for indirect checking of recording heads, 

YOUR LOCAL RADIO 

A132 RECORDING HEAD 

loud speakers, loud speaker installa-
tions, theater sound equipment, public 
address equipment and audio fre-
quency equipment. Complete with 
data sheet. Only $3.00 each. 

OTHER UNIVERSAL MODELS ARE AVAILABLE, including 

dynamic, velocity, and carbon in standard, hand, com-

munications and cartridge types. For a complete catalog 

on these as well as Universal Recording Components, 

see your radio parts distributor or write direct to us. 

PARTS DISTRIBUTOR CARRIES UNIVERSAL PRODUCTS 

UNIVERSAL MIC 
Inglewood, C 

Export Division, 301 Clay Street, San Francisco II, California. Canadian Division, 550 King Street West, Toronto 2, Ontario, Canada 



TYPE I 

TYPE II 

•TYPE 12 

TYPE 2 

TYPE 3 

TYPE 11 

SMALL, LOW-COST, SOLA CONSTANT VOLTAGE 

TRANSFORMERS FOR CHASSIS MOUNTING 

Reliable communications equipment must have sta-

bilized voltage-and the right place to provide for it 

is in the equipment itself. These three types of SOLA 

Constant Voltage Transformers have been specifically 

designed for "built-in" applications. They are low in 

cost and their use will often permit the elimination of 

other components. For complete information consult 

Bulletin 34CV-102, available on request. 

TYPE 1 

Catalog 
Number 

Outpu.t 
COD -a ti 'y 
in VA 

Input 
Volts 

Output 

Volts 
Dimensions in Inches Approx. 

Shipping 
Weight 

List 
Price 
Each A B I C l E I E 

30488 15 95-125 6.0 5",6 2% 311-6 5' X 6 $15.00 
30492 15 95-125 6.3 5".6 2% 3'16 5'x 6 15.00 
30498 15 95-125 115.0 51', 16 2% 3'm 5'1s 6 15.00 

30785 17 95-125 6.3 5,3is 321 :e 2' 3,, 3 2 5% 20.00 
30955 17 95-125 115.0 513x 32t 2' 3,2 3 2 5% 20.00 

301002 15 95-125 6.3 53,6 334 2 Wt 3 1¡¡ 234 18.50 
301003 15 95-125 115.0 5316 354 214 3 1 Y:j 23,..¡ 18.50 

*Condenser supplied as separate unit 

OUTAGE FLUCTUATIONS UP TO 30 

TYPE 2 

Catalog 
Number 

DIMENSIONS: 

A: Overall Length 

B: Overall Width 

C: Overall Height 

E 8. F: Mounting 

Dimensions 

Prices subject to change 

without notice. 

STABILIZED WITHIN 1% OF RATED VALUE 

FOR COMMUNICATIONS EQUIPMENT NOW IN SERVICE 

Where provision for constant voltage protection has not been 
made within the equipment itself, these standard SOLA Con-
stant Voltage Transformers can be easily installed. They re-
quire no supervision or maintenance, are instantaneous in oper-
ation and they protect both themselves and the equipment 
against short-circuit. Other capacities ranging from 10VA to 
15KVA fully described in Bulletin 34CV-102, available on 
request. 

Output 1 Input 
Capacity Volts 
in VA 

Output 
Volts 

Dimensions in Inches 

" 1 BICI El 

Approx. 
Shipping 
Weight 

List 
Price 
Each 

30804 30 95-125 115.0 ek 1', 434 7' 234 12 $17.00 
30805 60 95-125 115.0 8qi6 4"is 434 8!is 234 13 24.00 
30806 120 95-125 115.0 9' 146 4316 434 8''X 234 17 32.00 

30807 
30M807 
30808 
30M808 

250 
250 
500 
500 

95-125 115.0 
190-250 115.0 
95-125 115.0 
190-250 115.0 

11% 616x 
11% 6' 31.6 
14.4 6,3,s 
1.0,¡ 6,3,¡ 

5% 
5% 
5% 
5% 

334 
5 
5 

30 
30 
40 
40 

52.00 
52.00 
75.00 
75.00 TYPE 3 

SOLA ELECTRIC COMPANY, 2525 CLYBOURN AVE., CHICAGO 14, ILL. 



BURGESS BATTERIES 
$91. qtafete &eatoi 

RECOGNIZED BY THEIR STRIPES • REMEMBERED BY THEIR SERVICE 

The batteries on this page only illustrate a few of 
the many popular types of Burgess Batteries for 
Ham Operators. Your local Burgess distributor has 
fresh stocks for all your needs. 

No. 4FA No. 5308 No. F4BP 

No. 4FA LITTLE SIX-11A volts—replaces 
one round No. 6 cell. Radio "A" type; is 
recommended for the filament lighting of 
vacuum tubes. Size, 4h" x 29,f6" x 2?[6". 
Weight, 1 lb. 5 oz. 

No. 5308- 45 volt "B" battery equipped 

with insulated junior knobs. Taps at — 

+22 +45 volts. Size, 5K3" x 0(6" x 
Weight, each-2 lbs. 15 oz. 

No. F4BP—  A 6 volt, heavy-duty portable 
battery, designed for Burgess X109 head-
light. Contains four F cells connected in 

series. Screw terminals and brass knurled 
nuts. Size, 22142" x 2214" x 47 ". Weight, 1 
lb. 6 oz. 

No. 2308—A 45 volt super-service,standard 

size radio "B". Designed for receivers with 
plate current drain of 10 to 15 milliamperes. 
Size, ne x 8' x 2%". Weight, 7 lbs. 6 oz. 

No. Z3ONX 45 volt "B" battery. Improved 
small size. Adapted to radio, portable re-
ceivers and transmitters. Screw terminals. 
Size, 3' x x 431,3'2". Weight, 1 lb. 4 oz. 

No. 2 F2H — A 3 volt radio "A" battery used 
%%it 11 portable radios, amplifiers, and special in-
struments. Size, 2%" x 2%"z 4,3,e. Weight, 
1 lb. 6 oz. 

No. W3 0 BPX —45 volts. Extremely small and 
light in weight. Very suitable for personal 

transceivers used by amateur clubs and radio 
stations. Equipped with insulated junior knobs. 
Size, 1";e x 22 2" x 414". Weight, 10 oz. 

No. Z3ONX No. W3OBPX 

VOTED FIRST CHOICE 
IN NATIONAL POLL OF ELECTRONIC ENGINEERS 

2 out oil S./ That's the way electronic engi-

neers voted for Burgess Batteries in a recent survey. 

Use the brand the experts choose... BUY BURGESS! 

Ir'rite For The Name of Your Local Distributor 

BURGESS BATTERY COMPANY 
DEPT. R46 FREEPORT, ILLINOIS 
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A Perfected 

WIRE RECORDER 
AVAILABLE AT LAST! 

For 110-Volt 60-Cycle 
Operation Only 

Fully tested unit as illus-
trated includes spools, 
wire, triple function rec-
ord-reproduce-erase head, 
with detailed instructions 
and schematic circuit for 
adaptation to radio or am-
plifier. Limited sale. One 
to a customer. 

ONLY 

$8950 

COMPLETE' 

Here's the Wire Recorder You've Been Waiting For! 
The result of an intensive 3-year research and 
development program, this unit is ready for your 
adaptation to any radio or amplifier. Record 
your voice, your favorite radio programs, amateur 
communications—with perfect fidelity, ready for 
instantaneous play-back. Plays same recording 
hundreds of times with no loss in quality—no 
"needle scratch." Use same wire repeatedly for 
new recordings by simple, automatic demagnetiz-
ing-erase feature. Read specifications and fea-
tures. Then order YOUR genuine WiRecorder 
Unit now! Use handy coupon below. 

WiRecorder Corporation 
Stroh Building, Detroit 26, Michigan 

This is my order for the new WiRecorder Unit as described in the 
Handbook. Enclosed find money order or certified check for $ 89.50, 
for prepaid shipment to: 

Name  

Address  

City and State  

WiRecorder Features 

• Exclusive capstan drive 
minimizes "wow" or 
flutter. Wire speed held 
constant at 2 feet per 
second. 

• High-fidelity response. 
Flat, + 5db from 80 to 
8000 cycles. Excellent 
for musical reproduction. 

• Full hour of continuous 
recording on spools only 
2W in diameter. 

• Complete unit, precision-
built, only 8" wide, 7" 
high and 7" deep. Weight, 
with spools and wire, 9 
lbs. 

• High-speed rewind. One 
hour recording rewinds 
in 8 minutes. 

• Patented " Magneflo" 
clutches guard against 
wire breakage. 

• Automatic stop operates 
in play-back or rewind. 
No handling of wire 
necessary. 

•Extra spools and wire 
available. 

• Oilite bearings. Special 
heavy-duty motor. 

•Licensed under Armour 
patents. 

PRODUCT OF 

WiRecorder 
CORPORATION 

1807 Stroh Building Detroit 26, Michigan 

1 



FREED TRANSFORMER CO., INC. 

72H SPRING ST., NEW YORK 12, N. Y. 



earn 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 should you 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 

initruciograph 

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 PARTICULARS IMMEDIATELY 

THE INSTRUCTOGRAPH CO. 
4707 SHERIDAN ROAD CHICAGO 40, ILLINOIS 

Representative for Canada—Canadian Marron iCa., P.O. Box 1690, Montreal, Quebec 
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e PLANT 
e PRODUCTS 
e PERFORMANCE 

algke BEEN WAITING FOR 

EVER Stancor leads the field. To serve you 

better in 1947 and to bring you as soon 

as possible quality products, we step ahead in 

new plant facilities. 

Watch for Stancor's timely releases; they are 

planned to satisfy your needs .. . keep in mind 

Stancor's high standard of performance, ad-

vanced design and universal application. 

These are the things which will become in-

creasingly available to all . . . these are the 

things that have made Stancor your favorite. 

ON STANCOR'S PROGRAM 

Transformers and Reactors 

of all types.. vprsatile Line 

of Transmitter Kits, Audio 

Amplifier Kits, and other 

Electronic Devices to serve 

the Discriminating Amateur. 

STANCOR 
STANDARD TRANSFORMER CORPORATION 

ADDISON • ELSTON AND KEDZIE AVES., CHICAGO, ILL. 
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THE HK-57 BEAM PENTODE is the first of 

the new Gammatron transmitting tubes to be 

introduced in 1947. 

This latest addition to the Gammatron line 

is backed by twenty years of engineering and 

manufacturing experience with tantalum ele-

ment tubes. 
Gammatrons are known 

throughout the world for their 

electrical and mechanical rug-

gedness, for their long life, and 

ability to take it. 

Other types, in addition to 

those listed below, will be an-

nounced soon. Watch for them! 

.„, 

J HEINTZ AND KAUFMAN LTD. 
SOUTH SAN FRANCISCO 

CALIFORNIA 

... SEND FOR DATA SHEET ON ANY OF THESE TUBES 

TYPE NO. 24 246 54 5Er* 254 2518* 3041 30411 354C 354E 4541 4540 654 8541 05411 10541 1554 2054A 

MAX. POWER OUTPUT: 
Class ' C' R.F.   90 90 250 250 500 400 1220 1220 615 615 900 900 1400 1800 1820 3000 3600 2000 

PLATE DISSIPATION: 75 ( I) 12$ ( 1) 
Watts   25 25 50 50 121 100 100 12/ 300 300 150 150 250 250 300 450 450 750 1000 1200 

AVERAGE AMPLIFICATION 
FACTOR   25 25 27 - 25 - 10 19 14 35 14 30 22 14 30 13.5 14.5 10 . 

MAX. RATINGS: 
Plate Volts   2000 2000 3000 3000 4000 4000 3000 3000 4000 4000 $000 $000 4000 6000 6000 6000 $000 3000 
Plate M.A  75 75 150 150 225 225 1000 1000 300 300 375 375 600 600 600 1000 1000 800 
Grid M.A  25 25 30 15 40 25 150 150 60 70 60 85 100 80 110 125 250 200 

MAX. FREQUENCY, Mc.: 
Power Amplifier 200 300 200 200 175 200 175 175 50 50 150 150 50 125 125 100 30 20 

INTERELECTRODE CAP: 
C 9-por u.f. 1.7 1.6 1.8 ..049 3.6 0.08 9 10.5 3.8 3.8 3.4 3.4 5.5 5 4 5 11 18 
C g-f u  sr f. 2.5 1.8 2.1 7.29 in 3.3 10.5 In 12 14 4.5 4.5 4.6 4.6 6.2 6 8 8 15.5 15 
C p-f u  u I. 0.4 0.2 0.5 3.13 oui 1.0 4'7 ''''' 0.8 1.0 1.1 1.1 1.4 1.4 1.5 0.5 0.5 0.8 1.2 7 

FILAMENT: 
Volts   6.3 6.3 5.0 5.0 5.0 .1'9 5.10 5-10 5 5 5 5 7.5 7.5 7.5 7.5 11 10 
Amperes   3 3 5 5.0 7.5 ''' 26.13 26-13 10 10 11 11 15 12 12 21 17.5 22 

PHYSICAL: 
Length, Inches   4,¡ 4,.¡ Phi 4 1/16 7 6 3/1„6, ,, ,, 7;4" 7e 9 9 10 10 10 ,i 12'; 12'; 16'; 18 21 ,‘ 
Diameter, Inches ... . 1.18 1.19 2 2 3/8 2Ssi ' 334 354 33i 354 3S.‘ 314 314' 5 5 7 6 6 
Weight, Os   154 1,q 214 2 1/4 60 ' 

5'1'/'2'' 
9 9 654 6.4 7 7 14 14 14 42 56 66 

Rose   Small Srnall Std. ,, 247 Std. Giant John- John. Std. Std. Std. Std. Std. Std. Std. John. HK W.E. 
UX UX UX Johnson 50 .7. son son 50 50 50 50 50 50 50 on 255 Co. 

'Beam Pentode. 

di.. 

Watt ''''' #213 #2I3 Watt Watt Watt Watt Watt W att Watt #2I4 

1 Type No. 57 tentative specificatio s Note 1: Intermittent teleg apis rating Note 2: Constant key down rating 
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UNDERSTANDING MICROWAVES 

BY VICTOR J. YOUNG. For those who have not previously con-
sidered radio waves shorter thon 10 centimeters. Provides 
foundation for understanding various microwave developments 

of post five years 

CHAPTER HEADS: The Ultra High Frequency Concept; Sta-
tionary Charge and Its Field; Mognetostatics; Alternating Cur-
rent and Lumped Constants; Transmission Lines; Poynting's 
Vector and Maxwell's Equations; Wave-guides; Resonant Cavi-
ties; Antennas and Microwave Oscillators; Radar and Com-
munication. Section Two is devoted to descriptions of Micro 
wove Terms, Ideas and Theorems. Index. 400 Pages— Price 

$6.00. 

A-C CALCULATION CHARTS 

BY R. LORENZEN. Students and engineers will find this book 
invaluable. Simplifies and speeds work involving AC calculo-
tions. Contains 146 charts. Covers AC calculations from 10 

cycles to 1000 megacycles. 160 Pages— Price $7.50. 

INSIDE THE VACUUM TUBE 

BY JOHN F. RIDER. A new approach and technique that makes 
its message easy to understand. Here is a solid, elementary 
concept of the theory and operation of the basic types of 
vacuum tubes based on the electro static field theory. Through-
out the entire book, which covers diodes, triodes, letradas, and 
pentodes, the aim is to present a clear physical picture of 

exactly what is happening in a vacuum tube, inclusive of the 
development of characteristic curves of all kinds, and asso-

ciated load lines. 
A goldmine for the student; a must for the libraries of 

servicemen, amateurs and engineer, 425 Pages—Price $4.50. 

THE CATHODE-RAY TUBE AT WORK 

BY JOHN F. RIDER. This book presents a complete explanation 

of the various types of cathode-ray tubes and what role each 
element within the device ploys in making voltages and cur-

rents visible. The only book of its kindl 
This volume offers a complete and elaborate, easy to under-

stand explanation of the theory of the tube. It is this informa-

tion, with many hundreds of typical oscillograms illustrating 
practical applications, which makes this book so valuable 
338 Pages. 450 Illustrations— Price $4.00. 

The Result of 16 Years of 

Specialized Publishing 

Rider Radio Books have been accepted as standard works by 

members of all branches of the electronic industry. They have 

worked hand in hand with engineers, technicians, educators and 

students, civilian and military, for the past sixteen years. Place 

your order from the descriptions below and 

Write Today For Catalog 

RIDER MANUALS 
FOR RADIO TROUBLE SHOOTING 
Unchallenged authority in the field of radio servicing reference 
books. Containing receiver schematics, voltage dato, alignment 
data, resistance values, chassis layouts and wiring and trimmer 
connection material they oid in quick location of faults in oiling 
receivers. fourteen volumes cover all important American made 
receivers issued from 1920 to 1942. 
VOLUMES XIV to VII. EACH VOLUME . . $15.00 
VOLUME VI 11.00 

ABRIDGED MANUALS Ito V ( 1 VOLUME) ...... ... 17.50 

RECORD CHANGERS AND RECORDERS ... . .. . 9.00 

AN HOUR A DAY WITH RIDER SERIES 

D.C. VOLTAGE DISTRIBUTION IN RADIO RECEIVERS—The appli-
cations of Ohm's low, practically interpreted in terms of how cir-
cuits ore employed in rodio receivers. 

ALTERNATING CURRENTS IN RADIO RECEIVERS—An exposition 
on fundamentals of alternating currents and voltages and where 
they appear in receiving system. 

RESONANCE AND ALIGNMENT—The importance of the subject in 
relation to all communication systems, and the clarity of this text, 
hove produced o sole of over 50,000 of this title. 

AUTOMATIC VOLUME CONTROL—An easy to understand explana-
tion of how avc is utilized in radio receivers. 

96 Pages each ( Illustrated)—$ 1.25 each 

FREQUENCY MODULATION 

One of the most talked- of developments in rodio field; 
details of F-M receiver maintenance and how it differs 
from A- M. 136 Pages- 81 Illustrations—$200. 

SERVICING BY SIGNAL TRACING 

Explains approved system of diagnosing faults in rodio 
receivers and all kinds of communication systems. The 
method was introduced by the author of the book, 
John F. Rider. The system has won endorsement by in-
dividuals and associations the world over as well os 
technical branches of our government. 360 Pages- 188 
Illustrations—$4.00. Spanish edition—$4.00. 

VACUUM TUBE VOLTMETERS 

Explains the theory upon which the functioning of the 
different types of v-1 voltmeters is based, and also 
the practical applications of these instruments. Includes 
a bibliography consisting of 145 international refer-
ences. 180 Pages- 111 Illustrations—$2.50 

THE METER AT WORK 
How each type of meter works and how each is used 
in the field to best advantage Covers whichever phase 
of the subject the reader is interested in 152 Pages-
138 Illustrations—$2.00. 

THE OSCILLATOR AT WORK 
Shows how various oscillator circuits function and 
methods to improve their performance. Also describes 
the r-f and of oscillators used as signal sources. Covers 
laboratory test methods, and other related tests. 256 
Pages- 167 Illustrations-52.50. 

SERVICING RECEIVERS BY MEANS OF 
RESISTANCE MEASUREMENT 

Discusses series and parallel combinations of resist-
ances and the distribution of currents and voltages, 
providing the basis underlying the circuit arrange-
ments used in various types of radio receivers. Also 
discusses application of resistance measurement to 
radio servicing. 203 Pages-94 Illustrations-52.00. 

AUTOMATIC FREQUENCY CONTROL SYSTEMS 

The basic operation of the discriminator and Automatic 
Frequency control circuits is explained in great detail 
in the first part of the book. Descriptions of systems 
used in commercial receivers ore fully described in the 
second port of the book. 144 Pages— l02 Illustrations 
—$1.75. 

ALIGNING PHILCO RECEIVERS 
I.F. pecnts—adjustin,s frequencies—trimmer and pad' 
dar locations—complete and detailed information for 
aligning every Philco model from 1929 to 1941 Covers 
7,000,000 Receivers. 
VOL. 1-1929 to 1936-176 Pages $2.00 
VOL. II- 1937 to 1941-200 Pages .. 2.00 

RADAR 

A non-technical explanation of the operating principles of 

Radar. Written so the person without technical background 
can understand it. Also describes how the Army, Navy and Air 

Forces used Rodar to help win the war, 72 Pages—Unique 

Illustrations—$ 1.00. 

JOHN F. RIDER PUBLISHER, INC. 
404 FOURTH AVENUE, NEW YORK 16, N. Y. 

EXPORT DIVISION: ROCKE-INTEPNATIONAL CORP., 13 East 40th Street, New York 16, N 

• 
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A 

Complete 

Line of ANTENNA 
EQUIPMENT 
The wartime experience of the Workshop in building pre-

cision high-frequency antennas for the Armed Forces provided 
a backlog of fundamental research and experimental techniques 
which now is being applied to a complete new line of amateur 
equipment. 

The new antennas are designed specifically for the 2-, 6-, and 
10-meter bands. All of the models have been put through the 
most rigorous tests, both electronic and mechanical, to ensure 
the maximum in performance on the bands specified. The 
elements are made of aluminum alloy tubing, sealed on the ends 
with spherical tips. They are securely mounted in a heavy 
molded plastic head which gives the whole assembly ample 
ruggedness to withstand winds of high velocity. 

As companion equipment the Workshop mast provides a 
complete antenna installation designed to operate as a unit. 
The mast is assembled from 4-foot units with telescoping 
joints, readily adaptable to ans' desired height. Hand rotation 
is standard equipment, easily adapted to Sel‘vn or electric motor 
drive. Workshop antenna equipment is available through the 
better amateur dealers everywhere. 

OTHER WORKSHOP ANTENNAS 

FM RECEIVING ANTENNAS-- directional and non- direc-
tional. 

TELEVISION RECEIVING ANTENNAS. 

AIRCRAFT ANTENNAS. 

RADAR ANTENNAS. 

HIGH- FREQUENCY ANTENNAS for relaying black-and-
white and color television, FM, facsimile, etc. 

STUDIO-TO-TRANSMITTER RELAY ANTENNAS. 

POLICE, FIRE and PUBLIC UTILITY BEACON ANTENNAS. 

FUNDAMENTAL RESEARCH AND DEVELOPMENT 

1. "I he study of radiation patterns and how they arc 
affected by location and proximity by means of scale 
models and microwave frequencies. 

2. Fundamental measurements on the use of series 
reactance compensation in coaxial transmission lines 
and hollow dipoles— information invaluable to the 
solution of phasing and impedance-matching problems. 

3. Investigation of various methods of matching low 
impedance coaxial transmission lines to high impedance 
resonant circuits. 

4. New measuring techniques for the solution of special 
antenna problems. 

The WORKSHOP ASSOCIATES, INC. 

snvein list, in Ili 211-Fregnoqu.% I Wen nn. 

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASSACHUSETTS 

1. 2-Meter Beam Antenna Model . 146AB. 

A high- gain, directional, 6- element array with 

two driven elements. Price $19.00 

2. 6- Meter Beam Antenna Model 52AB. 

A high- gain, directional, 3- element antenna to 

be used with Workshop rotating mast equipment. 

Price $8.00 

3. 10-Meter Dipole Antenna Model . 29AD. 

This bi-directional antenna is designed to cover 

the spectrum from 27 mc. to 30 mc. Telescoping 

elements adjustable to any length between 130 

and 214 inches cover the new 11-meter band 

as well. Price  $6.75 

4. 10- Meter 3- Element Beam Conversion 

Kit Mo del 298, to convert the dipole 

29AD to a 3-element beam. Price..$27.50 

5. Antenna Mast Kit Model AM. Two sections 

of 4-foot mast complete with adjustable mount-

ing brackets, nuts, bolts, etc. A stationary mast 

to be used with all Workshop antennas. 

Price $7.25 

6. Model . AM1. Extra 4-foot sections to lengthen 

the above mast. Price $1.30 

7. Rotating Accessory Kit Model AM2, to 

convert Model AM mast to a manually rotated 

mast, complete with instructions. Price... $ 4.25 

The above are the amateur net prices--slightly 

higher in the far West. Prices are subject to 

change without notice. 
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Yid-WA NEW BROWNING HAM FREQUENCY METER! 

CHECKS XMTR FREQ. IN ANY 

HAM BAND FROM 3.5 TO 148 

MC. ON FM OR AM 

This latest Browning unit designed especially 

for hams — the Model M.1-9 Frequency Meter 

— is a high sensitivity lob that checks your 

operating frequencies accurately if you place 

it near your emtr, you may not even need 

a pickup wire for usable signals! Can be 

used for measuring frequency of remote 

transmitters and for calibration of receivers 

within ham bands or ham band harmonics. 

Truly O necessity for every modern shack 

MODEL M1-9 FREQ. METER 

• Direct, frequency-reading dial on 
seven ham bands. 

• .05% accuracy at all frequencies. 

• Audio detection of zero beat. 

• Low power consumption. 

• All operating controls on front panel. 

PLUS MANY OTHER FEATURES. 

WRITE US FOR LITERATURE. 

7.W. A NEW BROWNING TUNER! this time for FM- AM 

MODEL R1-12 FM- AM TUNER 
• Separate RF and IF systems on both 

bands. 
• One antenna serves both FM and 

AM. 
• Tuning eye shows correct tuning. 
• 2-stage cascade limiting on FM. 
• Phono position on channel selector 

switch; phono input connector in 
back. 

• Armstrong circuit employed on FM. 

PLUS MANY OTHER FEATURES. 
WRITE US FOR LITERATURE. 

FOR HI Fl RECEPTION IN THE 

NEW FM BAND ANO IN STANDARD 

BC. BAND 

Ask any old-timer about the Browning-Drake 

tuner, and he'll warm right up with a recita-

tion of how much that unit meant to him 

Now put an R1-12 in your house, and the 

xyl and all the neighbors will decide that 

you, after all, are the king pin of radio in 

your community! For here's a hi-fo, hi-sensi-

tivity unit which provides distortion-free 

reception. Put it in special cabinet, desk 

drawer, shelf — wherever it will look best. 

Or for use with rack- mounted amplifier. 

Diagram of HI-FI AMPLIFIER included with 

every unit 

BROWNING LABORATORIES, INC. WINCHESTER, MASS. 

CANADIAN REPRESENTATIVES MEASUREMENT ENGINEERING 61 DUKE STREET, TORONTO, CANADA 
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SELECT 

FOR SENSITIVITY, STURDINESS AND RELIABILITY 
SIGMA Instruments, Inc., fully guarantee the performance of any relay they manu-

facture. You can buy SIGMA relays in confidence knowing they will serve long and 

well. 

Recommended for: 
• Light weight 
• High speed 
• Moderately severe environ-

ment (temperature and vibra-
tion) 

• Moderate sensitivity 
• Minimum input power 10 

milliwatts 
• Coil resistance up to 14,000 

ohms. 

TYPE 41F 

1- x 17/3x" 
x 23/14' 
Weight: 
2sits oz. 

Recommended for: 
• Critical performance require-

ments at a low price in high 
volume applications. Features 
of other SIGMA Relays not 
needed in these applications 
have been omitted. 

• minimum input power 20 
milliwatts 

• Coil resistance up to 14,000 
ohms. 

TYPE SF 
13/a" x 

x Is/e 
Weightt.3 I/2 oz. 

Recommended for: 
• Exceptionally severe environ-

mental conditions 
• Maximum sensitivity 
• Minimum input power 0.5 

milliwatts 
e Coil resistance up to 18,000 

ohms. 

SMALL COMPACT 
TYPE 4 IRO 

with Octal Base 

Only 11/4" x 
ts/14. 

In addition to their regular 
mounts, all series 41 Relays 
are now available in an octal 
( 8 prong) mount for standard 
radio sockets. 

ADAPTABLE 
All relays are obtainable unenclosed or in 
a variety of enclosures, including hermeti-
cally- sealed. Sample orders filled promptly 
components are on hand to be assembled to 
your requirements. 

SPECIALIZED TYPES AVAILABLE 
SIGMA can supply extra sensitivity, DC 
sensitivity on AC current, time delay, and 
other special features. 

SEND SIGMA YOUR RELAY PROBLEMS FOR 
COMPETENT SOLUTIONS. 

\s, TYPE R 
ENCLOSURE 

— Mounted on a standard 5- pin 
base and enclosed in an aluminum 
can. 

\TYPE RJ ENCLOSURE 

— Mounted in a hermetically. 
sealed enclosure of cadmium. 
plated brass. Also available with 
octal base, type MO. 

TYPE A 
ENCLOSURE 

— Mounted on a standard 5-pin 
molded bakelite base with snap. 
on aluminum enclosure. 

Sew Instruments, INC. 
C/..e/lixtdeOe RELAYS 

54 CEYLON ST., BOSTON 21, MASS. 
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Aireon Cinaudagraph Speaker 
for small radios — remarkable 
fidelity reproduction within a 

two-inch cone. 

SLATER, MISSOURI 

A Subsidtary of Air 

The enviable reputation which 
Cinaudagraph Speakers have 
attained for high fidelity, su-
perior performance and rug-

gedness is deserved through exceptional 
engineering and production facilities. 
Cinaudagraph PM Speakers use Alnico 5, 
the "miracle metal" which gives you four 
times the performance without size or 
weight increase. Acceptance of Cinauda-
graph Speakers by leading radio manufac-
turers is assurance of their high fidelity 
performance. 
A complete line of speakers from 2-inch 

units for portable radios to 15-inch models 
for commercial phonographs and P A. 
systems is available. Write us about your 
speaker requirements. 

Manufacturing Corporation 

,INC. 
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  TRANSFORMERS 
Audio • Bias • Chokes • Universal Driver • Filament 

Universal Modulation • Plate • Power • Output 

zri 

QUALITY is important . . . so is BALANCE 

INPUT FILTER 
CHOKE CHOKE 

FILAMENT 

The quality and balanced design of SNC 
transformers are setting a new industry 
standard. Consider this conventional power 
supply and select the BALANCED QUALITY 
components listed. 

BALANCED COMPONENTS 

DC Volts IK . Impc Plate Input Choke Filter Choke 

600-750 0.2  'P530 2P148 2P147  

600-750 0.3 7P535 2P152 2P151 7P536. 

1000-1250 0.3 7P542 
7P543• 

7P551 
7  13 5 5 2 * 
"P55 7 
"P558 • 
"P563 
7P564* 

1500-1750 0.3 

2000-2500 0.3 

2000-2500 0.5 

•Compound filled continuous duty types 

213152 2P151 

2P152 2P151 

2P152 21,151 

2P156 2P151 

BALANCED FILAMENT COMPONENTS 

4P226 for 866s or other 2.5 V. 5A Rectifiers 
4P242 for 872s or other 5.0 V. (,/ LOA Rectifiers 

THE POWER SUPPLY IS THE HEART OF THE RIG—COMPLETE IT WITH BALANCED QUALITY 
SNC TRANSFORMERS FOR GREATER ENJOYMENT! 

lrrite for our interesting catalogue giving valuable information and 
specifications on all the types of tranrformers lou need. 

‘eg 

OUTstanding 

SNC MANUFACTURING 
COMPANY, INC. 

WEST LAKE AVENUE, AT LEHIGH 

GLENVIEW, ILLINOIS 

••",""•." 
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FOR AMATEUR AND 

SENDING 
aad 

RECEIVING 

THE &Mk WAY 

IS THE THE 

WAY 
ORIGINATED ET WALTER H CANDLER 

PROOF FROM A CHAMPION 

I II \Ig ELROY is the Official Champion Radio 
toerii tor, Speed 75.2 w.p.m., won at Asheville Code 

Tournament. July 2, 
1939. here is s. hat M orld 
Champion Nlci.:11, 
has to say: 
and speed are the re•olt 
of the exclusive, seien-
tific training M alter 
Candler gave me. Prac-
tice is necessary, but 
without proper training 
to develop Concentra-
tion, Co-ordination and 
a keen Percept is e Sense, 
practice is of I i l!1,•s alue. 
One likely o r I.,:n•tice 
the wrong way 

In a 

SEND FOR THIS FREE 

You CAN NOW LEARN CODE or increase your 
speed and proficiency with the famous 
Candler System. CANDLER — the System 
of the Champions, offers you distinctive, 
scientific methods which can train you to 
become an A-1, expert ‘ tnateur or Commer-
cial Operator, in les- than half the usual 
time taken to master this skill. CANDLER 
trains you from the start, and enables you to 
become so proficient that you will be able to 
pass the severest tests for Amateur or Com-
mercial license. There is a Candler Course de-
signed for your particular needs and desires. 

SPEED — WITHOUT TENSION 

AND NERVOUSNESS 

If you are subject to the nervous tension and other handicaps 
so many code operators face, the CAN DLER System will relieve 
you of this insecurity In your own ability and make you sure of 
yourself. In this way you will he free to apply your talents to top 
speed and maximum prolieieney. A list of CANDLER-trained 
operators would read like the ^Who's NS ho- of emir operation. 
The expert operators who have reached the top through the 
tr. hey have obtained front CANDLER is proof in itself 
of the value this System can be to you. Just me tttttt iging the code 
ami sending and receiving does not make the skilled radio op-
erator. The technique of fast, accurate telegraphing and the 
ability to meet «II requirements are the factures which distinguish 
the expert froto the ordinary operator. The CANDLER System 
offers you all these. Let this world-renowned System give you the 
speed, skill and technique you need to free yourself from all handi-
caps and code problems and prepare you for any license or cer-
tificate, a higher rating. or a better job with increased financial 
returns. And at a price so reasonable it is well within the reach of 
miyone interested in developing skill and speed. 

BOOK OF FACTS 

clear, simplified way it tells how many of the CANDLER Code Cham-

pions of today reached their goal. Just a postcard will bring this enlight-

ening booklut to you FRFE Send for the CANDLER SYSTEM BOOK OF 

FACTS right Now 

COURSES for BEGINNERS and OPERATORS 

CANDLER offer, ttir,.' SVI,11 .1•S II. /Ill a Is. are 

 rested in code opera . 
The SCIENTIFIC CODE COURSE especially designed for 
the begi llll er. It teaches the basic scientific principles of code 
operation. 

The HIGH SPEED TELEGRAPHING COURSE intended 
for operators who desire a higher w.p.m. speed or to improve 
their skill and overcome handicaps. 

The TELEGRAPH TOUCH TYPEWRITING COURSE 
designed for those who desire to become proficient in touch 
typewriting or develop speed in copying code. 

NO EXPENSIVE EQUIPMENT NEEDED 

Special mental training is the prime requisite in learning 
code or developing speed and accuracy. CANDLER, from 
wide experiences in developing high-speed operators, is the 
expert system designed to help you in a simple, tht gh 
and interesting way to get ahead faster and go farther. 
Much valuable time is lost when you practice without 
understanding the laws anti fundamentals governing speed 
and accuracy. The CANDLER System offers you the 
SI NI PLE, INEXPENSIVE WAY TO SPEED. SKILL 
AND CODE PROFICIENCY. 

CANDLER SYSTEM COMPANY P. O. Box 928, Dept 10-A-7, Denver 1, Colo , S. A. 
And at 121 IlIngsway, London W.C. 2..Tau.aand 
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CAMEIUDIO 
ALWAYS THE LATEST 

PIONEERS IN RADIO AND ELECTRONICS 

L'L‘ 
o rj 

WAR et 
NATIONAL HRO-5TA-1 • Net $274.35 

697 Power Unit $ 20.36 • MCS Speaker $ 12 

A Receiver, designed for the Amateur, to provide 

dependable communications, under most severe con-

ditions. New Noise Limiter incorporated. Band spread 
on all "Ham" Bands— Coverage 1.7 to 30 MC. 

HAMMARLUND HQ- 129-X • Net $ 173.25 

Price Includes Cabinet Speaker 

A "Ham" Receiver with the professional touch, pro-

viding flexibility of operation. Six bands for easy 

location of stations. Has all "Ham" features with 
sensitive and stable performance 

ALWAYS THE FINEST 

HALLICRAFTER SX-42 Net $ 250.00 
R-42 TABLE SPEAKER • Net $ 25.00 

The SX-42 has many new and ingenious circuit 

features. Precision tuning for all AM and FM Broad-
cast and Amateur Bands. Temperature compensated 

oscillator. High fidelity phono-amplifier-8 watts. 
Continuous coverage 540 KC to 110 MC. 

CARDWELL MODEL CR-54 RECEIVER 

RACK MODEL AVAILABLE LATER 

This completely new communications receiver uses 18 
miniature tubes. Large direct reading precision dials 
—electrical band spread. New type noise limiter. 
Variable selectivity crystal filter. Temperature com-

pensated oscillator. Wide coverage- 540 KC to 54 
MC, with extra coil strip. 

QUALITY MERCHANDISE • PROMPT SERVICE 

CAMERADIO CO., 963 LIBERTY AVE., PITTSBURGH 22, PA. 
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MOLDED OIL- PAPER CAPACITORS 

Molded oil paper capacitors, hermetically sealed against moisture, 

provide dependable service under the conditions which cause repeated paper tubular 

failure. For r.f. use up to 40 m.c., and for ai. by-pass, and filter circuits. 

Type Voltage Range Capacitance Range Length Width Thickness 

AP 120- 400 VDC 1000- 10000 Mmfd 11/16" 29/64" 7/32" 
DP 120- 600 " 1000- 10000 " 13/16" 13/16" 19/64" 
MP 120- ROO " 1000-100000 " 1 11/64" 41/64" 17/64" 
FP 120-1000 " 1000-1 00000 " 1 15/32" 49/64" 21/64" 
EP I 20-1000 " 5000-200000 " 1 15/32" 49/64" 17/64" 

OIL-IMPREGNATED FILTER CAPACITORS 

"Oil-Mites" for filter and by-pass applications involving high voltages 

and extremes of temperature and humidity. Mineral oil impregnant achieves more 

compact size without impairing performance. Power factor and capacitance are stable 

through temperatures from — 55 to 185 F. Either upright or inverted mounting is pro-

vided by the reversible hold-down bracket. 

Voltage range: 100 to 1000 VDC. Capacitance ronge: .01 to 4.0 Mfd. 

"Midget Oil-Mites," to meet small space requirements, incorporate design and 

structural features which permit these capacitors to be contained in smaller coses 

than the conventional "Oil-Mites." Seamless metal cases are hermetically sealed, 

phenolic-insulated solder-lug terminals are leakproof. 

Voltage range. 100 to 1000 VDC. Capacitance range: Single settions,.01 to 1.0 Mtd. 
Multiple sections, 2 x .03, 2 x . 10 Mfd. 

OIL-IMPREGNATED BY-PASS CAPACITORS 

Compact "bathtub" design combined with the operating advantages— 

stability of capacitance and low power factor—of mineral oil-impregnated and oil-

filled constructions. 

Capacitance ranges: 

Single sections: 600 VDC—.01 to 2.0 Mfd. 
1000 VDC—.01 to 1.0 Mfd. 

Multiple 600 VDC 2 x .03 2 x . 1 3 x .23 3 x .03 3 x . 1 2 x .25 3 x .5 

Sections 1000 VDC 2 x .05 

i 

2 x . 1 3 x .25 3 x . 1 2 x .23 

TRANSMITTING CAPACITORS 

Type TRS for use in filter, transmitting, and timing circuits are designed 

to handle high transient voltages and temperatures encountered in such service. Im-

pregnated and filled with mineral oil, these units are contained in hermetically 

sealed steel cases. For convenient mounting, permanently attached mounting feet, hook 

hold-down brackets, or adjustable wrap-around brackets for upright or inverted 
mounting are available. The adjustable wrap-around bracket permits mounting with 

terminals at any desired distance above the mounting surface. 

Capacitance and voltage ranges: 600 to 6000 VDC and .03 to 50 Mid. 

OB TELEVISION CAPACITORS 

Type VRC capacitors, for employment in television circuits are built to 

withstand high voltages at high temperatures—a chief consideration in such applica-

tions. Typical ratings are: 

Type VRC-8011-8000 VDC, 0.1 Mfd. 2 insulated terminals 

Type VRC-16003-16000 VDC, 0.05 Mfd. 1 terminal insulated, 
1 terminal grounded. 

If yourjobber cannot supply these Tobe long-life capacitors, write directly to— 

TOBE DEUTSCHMI11111e. 
CANTON, MASSACHUSETTS 
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CHOOSE THE WORLD'S MOST POPULAR RADIO TELEGRAPH KEYS 
GENUINE EASY-WORKING 

The Easiest Way of Sending 

EVER DEVISED 

DELUXE 

VIBROPLEX 

KEYS 

YEARS AHEAD 

WITH 

PATENTED JEWEL 

MOVEMENT 

Here's the greatest im-
provement in code sending 
apparatus in years. It's the 
PATENTED JEWEL MOVE-
MENT feature exclusive with 
Deluxe Vibroplex keys, that has 
so completely eliminated tiresome 
sending effort that it has made send-
ing easier than you ever dreamed 
sending could be. Polished chromium 
machine parts and base. Colorful red switch knob, 
finger and thumb piece. DIE CUT contacts and main 
spring. 3/I 6th contacts. Circuit closer, cord and 
wedge. $19.50. Standard finish— Polished chro-
mium machine parts tand black base, $15.95. 

"BLUE RACER" VIBROPLEX 

Patterned after the "Original" Vibroplex but smaller 
in size. Capable of the same high-class sending per-
formance for which that key is internationally famous. 
Standard finish— Polished chromium machine parts 
and block base, $15.95. Deluxe finish— Polished 
chromium machine parts and base with jeweled 
movement, $ 19.50. 

"LIGHTNING BUG" VIBROPLEX 

Another popular Vibroplex key that is widely used on 
land, sea and in the air. Incorporates many advanced 
and exclusive features, adding greatly to its sending 
efficiency and ease of operation. Standard finish— 
Polished chromium machine parts and black base, 
$13.93. Deluxe finish— Polished chromium machine 
parts and base with jeweled movement, $17.30. 

THE "CHAMPION" VIBROPLEX 

A smart, efficient, full-size key for radio use only, 
Chrome fin-
ished machine 
parts and 
black crystal 
base. 

$9.93 

VIBROPLEX 
Reg. Trade Marks: Vibroplex, Lightning Bug, Bug 

"ORIGINAL" 

DELUXE 

MODEL 

VIBROPLEX popularity is more than a matter of 

smart, graceful design, unmatched signal quality 

and operating dependability. It's the better and 

safer way of sending ... it's the easiest way of 

sending ever devised. No special skill is required. 

No tiresome effort is involved. No danger of 

'glass' arm. SIMPLY PRESS LEVER— VIBROPLEX 

DOES THE REST. 

VIBROPLEX CARRYING 

CASE 

Plush lined, finished in handsome 
simulated black morocco. Re-
inforced corners. Flexible 
leather handle. Lock and key. 
Protects key from dust, dirt and 
moisture. Insures safe keeping 
when not in use. Prolongs life of 
key. $3.30. 

No matter which Vibroplex key you choose you can be 

assured that it will meet whatever demands are made upon 

it, and in addition give you a lifetime of sending pleasure 

and satisfaction. Specify model. Remit by money order or 

registered mail. Write for FREE illustrated catalog. 

The " BUG" 
Trade Mark 
identifies the 
Gin,, isle Vibro-
plex k.ey. 

It's your guar-
anty of com-
plete satisfa, 
Lion. Accept no 
substitute. 

THE VIBROPLEX CO., Inc. 
833 Broadway • New York 3, N. Y. 

J. E. Albright, President 
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3 Basic Way S TO IMPROVE THE 
EFFICIENCY AND STABILITY OF YOUR RIG 

WARD LEONARD RELAYS 

Proper relays hase many practical uses in amateur 
rigs. They provide convenient circuit control and 
greater operating efficiency. They help reduce the 
length of connecting leads, prevent unnecessary 
transfer of stray or transient currents to critical parts 
of the transmitter circuit- Designed and built for 
rugged service, WARD LEONARD Amateur Relays 
are available from stock in the following. types. 
Antenna Change-Over — Antenna Grounding — 
Band Switching — RF Break- In — Keying — Over-
load — Underload — Latch-In — Remote Control — 
Safety — Sensitive — Time Delay. 

WARD LEONARD RESISTORS 

The installation of VITROHM wire-wound resistors 
insures that extra performance you want in critical 
circuits. With exclusive features fleveloped in thc 
WARD LEONARD laboratories . . these resistors 
meet the most rigid specifications. Fixed resistors arc 
available in 8 stock sizes from 5 watts to 200 watts. 
Adjustable resistors ir  7 stock sizes from 10 watts to 
200 watts Wide range of resistance values Stripohm. 
Discohm, and Plaque resistors are also available. 

SEND FOR FREE CATALOGS 

For helpful data and information, 

write for Relay Catalog No. 

D-111 and for Resistor-Rheostat 

Catalog No. D-2. 

AUTHORIZED DISTRIBUTORS EVERYWHERE 

3 WARD LEONARD RHEOSTATS 
I hese Vitrohrn Ring- l Ype units are widely used as 
potentiometers or rheostats. for fixed or variable close 
control, in commercial as well as amateur equipment. 
Made of highest grade ceramic materials. Resistance 
wire is held in place and protected by special WARD 
LEONARD vitreous enamel. Many other features. 
Available from stock in 25 watt, 50 watt. t 00 watt and 
1.50 watt sizes, in wide range of resistance values. 

WARD LEONARD 
RELAYS • RESISTORS • RHEOSTATS 

Electric control devices since 1892 

WARD LEONARD ELECTRIC CO., Radio and Electronic Distributor Division, 53K West Jackson Blvd., Chicago 4, U. A. 
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ABorz AT 

Resistance-Tuned Audio Oscillator 

.hp- 200C 

Vacuum Tuba Voltme400Ater 
4o  

Vat00 00M Tube Voltmo et. 

-hp' 410A  

, 
Fast, easy 

measurements of 
• • P11111041011111t CICCUIrelCy 

Swift,  neces-se measurements— so 
ur sari in teur radio, commercial 

broadcasting, y research, or ama laborator 

indus — are m trial electronics ade pos-

sible and practical by - hp- precision 

instruments. Condensed specifications of many 

-hp- instruments appear on these 
pages. -hp-'s new catalog— yours for 

the asking—gives more information 

on electronic measurements and the 

instruments which make them. Send 

for your copy now• No obligation• 

TRENT TION 
FUNC. POSTRU -

200-A 

200-0 

Reslidance-
lanad Audio 

Owlhelot 

RePstance-
Tuned Audi 
Owillator 

Resietame 
Tuned 

Owilletor 

2ts-o R"e°°"- Tuned 
Decillator 

-0 

201 -0 

A 

206-00 

Resistance 
Tuned 

Oscilletor 

Rehear.-
Tuned Spread 
Scale Audio 
°Whew.,  

_ Rea« a no to-
Tuned SPread-
Scale Audi 

Resistance 
Tuned Audio 

Signal 
Generator 

Resistanc" 
Tuned Audio 
MGen. 
«Nor ad* 4, 
db Voltmeter 

205-AH RmMenee-Tuned si 
Generetor 

INSTRU-
MENT 

100-A 

FUNCTION 

Low 
FmCluency 
Standerd 

FRE-
QUENCY 

36 roe 
to 

36 kc 

TO Ms 
to 

20 ke 

20 cos 

Nett 

cot 
to 

20 kc 

cot 
to 

20 kc 

Cam 
to 
O kt 

-11170-s 

eke 1 

20 cp. 

2Ó"kc 

20 cos 
to 

»Ye 

1 kc 

100to kc 

T S Fil a r"  

CALIBRATION 

3D:el po.n, cans 
Celibr Soil, 38-350 

10. 100 tune:die-I calibrat mn) 

ReMee 37:e. 10Sl"it0"0 tentin..te -Ticalibratien) 
Calib 

Dial Scale 80-200 cps 
Calibration Points 41 

Renee- 4 ( I. 10. 100. 1000 times dial calibration) 

Dial Scale 2-20 cot 
Calibration Points is 

Ranges-4 ( 1. 10. 100. 1000 tint« dial calibration) 

Dial kele -7-70 Mt Calibration Points 78 
841,81“ 4 1. 10. 100. 1000 time. dial calibration) 
Dial Scale A 2.50 cps Calibration Pointe 81 

Dial Scale A 6-20 to, Calibration Pointe- 168 
Reel« 3 ( I. 10. 100 limes dial calibration) 

Dial suds 8 2040 op. Celibration Points - 103 
pongee 3 , 1. 10. HA times dial calibration) 

n.ne..-3D :al.;tS'braltro- n-ePo204inta n' C AS 
. 10. 100 tImea dia-l-ew--Sbration) 

n'^tut-3D4:;iibrS":1i1n tF211-.n2.t0.0d 80 ial Wealth.) 

flAP 

ie S . W«' . 100 time. diallicelibration) 

elibr ° 20-200 C 
"g"- 3 , 1 ern" Points 

110.11“-C2eDrb«1.1kteent:meetle-idlilkcaLnlibtabot) 

FREQUENCY 

Output 
100 kr is 1 kc, 

mm °° 
100-0 . 100 An, 10,1". k-Frew," .• 100 cp 

Stendwd . 

320-4 

220 .0 

A 

410-A 

50oare 
Mew 

Gtrumd,,, 

Dietorhon 
Analya. 

Diston,,,„ 

Mulfitt 

Nelee and 
Thetortion 

Dielortion 
Anatry. 

Attenuator 

Vacuum 
Tub, 

Voltmeter 

MVO Frequency 
Vacuum Tub 
Voltmew 

DC Voltmetkr• 
Olunwei..  

Electronic 
Frequenoy 
Meter 

20 on. it 100 At 

teasures at 
_ 000. .  400 1 kt, 

ke end 7.8  

Mono... 
30 op 5,e°' D 
°MG 1 lac M Ma 400 • - Le, 7.5 ke. s‘ 

Meazrement awn-. eu to 20 4.-- 

Mn. Input 100 k0 

Meawrement Rini-

°°° Ie I me 

Measurem "t Pongo-
20 epe to 700 wc 

Manure/went Rand,. 
5 04,,, to 30 k‘ 
,u 10 ranges 

ACCURACY 

*0.01%ortrotiorr,; ern.. 

00.003% troto  

let dietaLar 9m4L5VI ions of SOS) noWm] 

Leat than t5 Distort° - Tmell 
vaitmot3.0 i: o. 30,h o,,.q.‘.1 

Voltmeter mewl *3'i, 

bedistoree,i7isss ,„, °5.' 
D  

at 0.5., 

Reelm '°°° TO 5, 

Error at ¡popo,, 
b  

10.10,:o. 100 ac ±1% 
. n .4 1 om 

Freouentl,R=...ne° n 
),C and pc 

1 tleeibet u" on h 20 cps to Pp I. 

±29c of full u**), 

An Electron* Frequency Met r end a Tachometer Assembly 
calibrated to measure weeds up to 3000.000 RPM.  

Distortion Analy: 
er 330g 



FREQUENCY RESPONSE STABILITY 
ACCURACY 
OF CALI- 
ORATION 

POWER 
OUTPUT INTO 
RATED LOAD 

LOAD IMPEDANCE 
DISTORTION 
AT RATED 
OUTPUT 

POWER' 
REQUIRE- 
MENTO 

SIZE HUM LEVEL BELOW 
RATED OUTPUT 

El decibel. 20 cps to 15 ke *2% *2% 1 watt 600 ohmg I,.. than I% 00 db 
115 60Yo l y 50 ct% 

60 eotte 

D• ii6nin....t. 
‘, .. 
iiih,',. 981 
Weight 32 lbs 

AI decibel. 20 Ms to 15 IM *2% *2% 1 watt 500 ohm tea imn 1% 60 Mt 115 volts 50-60 ce 
o watts 

Length 10 hie 
Height . 
Depth 98  iinn.s. 

Weight 32 lb.. 

El decibel. 20 cos to 150 kg *2% 22% to rnit.alls 1000 ohm. 
I,.. than 11/4  
20 Clik ton kg 60 db 

115 volts 
50-60 rye 
60 watts 

Length 15 no. 
Height 8 ins. 
Depth 9 ins. 
Weight 30 Ib.. 

Al decibel. 7 cps to 70 kc *2% *2% 100 nuiliwalls 1000 ohms 
less then I,-;, 
10 me to 20 kc 60 db 

115 volts 
50-60 aye 
60 watts 

Lwiyei IT ins. 
Height 13t, ins. 
Depth 11 ins. 
Weight 32 Itis. 

Al decibel. 7 cps to 70 kc 
*2 decibels. 2 cps to / cps *2% *2% 100 milliwane 1000 Oh., 

less than Vi 
I elfs to 70 I.c 60 db 

115 runs 
50-60 etc 
60 watts 

Length 17 ins. 
Height P. I lo. 
Depth 11 in, 
Weight 32 lb.. 

Al decibel. 0 cos to 6 ke 
*2% «al% 

with 
Standardization 

*2% 100 nulturatts Iwo ohms 
less than I% 
10 cps to 6 iic 00 db 

115 rults 
50-60 cr‘ 
60 waits 

Length 17 me. 
Height 8'. ins. 
DePth II ins. 
Weight 28 lbs. 

El decibel. 29 ape to 20 ke *2`... et' 1' ... 
with 

Standardization 

*2% 3 wane 600 ohm 
than 

Leu. at 3 wattI% s 

(Leta than 400 
at 1 welt 

II0 db 115 Yoh, 

5" 070 75 watts 

Length 17 ins. 
Height 8. z in.. 
Depth 11 
wpioe 37 I,. 

Down 2.0 decibel. at 20 cp. 
Down 1.0 duible et 20 kc 

et full output 

*2% oe*I% 
with 

Standardization 
5 wane 

50. 200. 500. 5000 ohms 
all no 

Hui than 1% 
30 cOsto 20 kc 
at rated output 

60 Oh below output or 
90 db below rera level 
whichever is largre 

115 ve ts 
50-60 de 
125 suns 

Length - . 21 
Height 11 ' . • 
Dash IC ..:s 
Weight 70 .1bs. 

Generator down 2.0 db al 20 MS 
Down 1.0 db at 20 kc at full output. 
Voltmeter within 80.2 db of 400 Ole 

rel. from 20 cps to 20 kc 

g2% or tHA 
with 

Standardization 
*2% 5 *lute 

Generator 50. 200. 500. 5000 
Giulio all ct 

Voltmeter 5000 ohm. input 
impedance 

lees than 1% 
30 cps to 20 kc 
al rated Output 

60 db below output or 
90 dh below rero level 
whichever is luger 

115 salts 
ag_60 ,,,, 
H6,,,,,,,. 

Length 21t o ins-
Height III. ins. 
Depth leI s ine. 
Weight 73 Ile, 

*I db from 10 Ye rel. I kc to PG ke 
al full offlot 

5.1% after . 2 hour 
vernoup *2% 5 sidle 

W. 700. 600. 5000 ehnis 
iall ct, 

leffl than 
1% at 1 watt 
5% at 5 watts 

€5 db helms output Or 
65 db beiow rero level 
whichever is larger 

115 volt. 

5040 cY4 
125 watts 

Length 21 • 

Depth 14 • 
Weight SS lbs. 

VOLTAGE IMPEDANCE MISCELLANEOUS 

tale distortion 

CHARACTERISTICS 
POWER 

REQUIRE- 
MENTS 

SIZE 

000001-5 vets into 1000 ohms Lud--Not lesa than 1000 ohme 
Wu, Shape Sinusoidal 

nol more than 4% on open circuit 

116 ,,,,,,,, 

50-60 eye 
100 watts 

Lowell, III 2 his. 
Height III Ina 
Depth 14 Int.  
weight 53 lb.. 

Output 5 volts into 1000 ohms Load NO lose then 1000 ohm 
Wave Shape Linuffldal 

total distortion not more than 0Ylo on open circuit 
115 volt» 

50-6° c'e 105...le 

Length 21s. in.. 
yip,41,2 112 ,s : I. 

DP" 14 ins. 
Weight 53 lbs. 

Input min- 2: neut. 200 
Output 60 y peak lo peak on open circuit 

not 25.000 onme 
Internal Each side. 500 ohm. to ground 

Ware Shape So.!. - I microsecond to 90ok of maximum. 
Attenuate 70 db in 5 db steps 

115 ola 
560 
.....0_.v.  

Hleeniggirth 816ini.ne. 

WD"eigthht 930'nibw. 

Input I my lo 500 y Input 200.000 ohm. 

Variable Selectivity 
mu. selectivity is 30 cps• at 40 db down from 'eminence ,nin. ..,,,,, dy I.,* op, , 

Dial Calibration Points 62 

115 volts 
my..€0 ce 
105 «41,4 

Length 21t e In. 
Height 24 ins. 
DePth 14% in.. 
Weight 78 lbs. 

Mao. InPul 100 0 
Anelyzer Ifflut 20.000 ohme 

Detector Input - Should be notion 
then 100.000 ohm. 

Mu. Attenuation: Fundamental more than 60 en . 1%, 
Second end higher harmonic,' less than 5% 

Filters Tuned to nominal frequencies within 8.5% : non-edjuslable/ 
Attenuate 70 db in I db steps 

Length 13 ine. 
Height 9 ins. 
Depth 8 ins. 
Weight 15 lb.. 

Max. Input 100 v 
Analyzer Input 20.000 ohmo 

Detector Input Should be not lee. 
Men 100.000 ohms 

Max. Attenuation: Fundamental more then 60 db i.l../z: 
Second and higher harmonic. less than 5% 

Fillet Tuned to nominal frequencies within t5I72 ( non-adjustablel 
Attenuate 70 db in I db steps 

Length 13 ins. 
Height 5 ins. 
Depth 8 ins. 
Weight 17' 2 lb.. 

Voltmetee Mueurement 
Range .01 Y to 300 ii m 9 Hinges 

Distortion min. input I 0 for . 1% distortion 
Nollse - min. inmit .003 Velil be full scale 

Amplifier Input 
200.000 ohm. shunted by ape°, 24 «mild 

Voltmeter Input 
1 nuisiohni min shunted by approx. 32 ininfd 

Mu. Attenuation: Fundamental more than 60 db '. 11/4  : 
Second and Myhre humonice less than 5% 

filter. Tuned to nominal frequencies within 45% : 44i4444014 -156) 
Voltmeter Average Reeding : calibrated in 

rins volts end in 00 above a I mot. 600 uhrn level, 

116 volts 
en, cyc 
06 ivette 

Length 21ke Ina. 
Height I 1IS loo. 
Depth 14 in.. 
Weght 66 lbw 

Voltmeter affleurenients 
.01 o to 300 Y in 9 tomtits 

Distunion min. input I y for . 1"2 distortion 
Noise minimum input 0.0003 v fer full scale 

Amplifier input 200.000 ohms 
shunted by apPrea. 24 mould 

Voltmeter Input I megohm min 
Monied by Here.. 32 ...Ed 

Max. Attenuation: Fundamental more than 80 dfl 1).1%, 
Second and higher humanice less than 10% 

Voltmeter Average reading : calibrated in nns volts 
and 00 above a 1 me, 600 ohm level) 

116 volts 
6040 ‘TO 
30 ***4 

Length IS on. 
Height 101/2  in.. 
Depth 13 in.. 
Weight 50 lb.. 

Meximum Input 504 
Input 500 ohm. one ede grounded 
Output 500 ohm, one eide grfflivied 

mmfd 

Attenffltion 110 db in I db steps 

Length 8 ins. 
Height 5 ins. 
Depth SI/2 ins. 
Weight 4 ibe. 

Measurement Range - 
.03 4 to 300 v In 9 range. 

Input 
I magohm i min.' shunted by approx. 16 

Voltmeter-- A,vit7a.c vli.eala ing ' calibrated in ems voile and In 
nu, 600 ohm level , 

115 smite 
50-60  1c"gc 
40 .4  

Length 7V2 ins. 
22.4022 qv, in.. 

Depth 104 in.. 
Weight 15 lbs 

Measurement Range - 
I ti, 300 VAC in € ranges 
1 to 1000 UDC on 7 ranges 

Input AC 8 megohmsmouallel with 1.3 
nun! at frequencies below 10. 

1..01 DC 100 Nleguhins 
AC Voltmeter - Peak reading Mementos will indicate roltage to 3000 no 

Ohmmeter: 0.2 ohms to 500 inegahms in 7 ranges 

115 volts 
50-60 cyc 
40 watt. 
Two 1.5 y 
flashlight 

cells amply 
ohmmeter 

Length 7e, loo. 
Height 12,.g int. 
Depth 61/4  ins. 
Weight IC lbs. 

Input 0 Solo MOP Input 50.000 ohm. 

legume External iltachmenla 
I. Photocell Input i lack provided, 
2. Esteline•Angus I mil. 1400 ohm 

f001000000 ReC0(00, ,jack provided. 

Ill ...et 

1 6°_20 
0 mn. 

LUIGI, 17., ins. 
huiahl Ire low 
DePth Il', im. 
Weight 28 lbw 

180 to 360 VDC ( regulated) 
6.3 VAC et unregulated) 

Output COnstant within approx. 1';. for loads front 0 to 75 ma and for line- 
voltage variations of 2GI. Noise end horn less Man 0.005 s 

115 volts 
50-60 cyc 
SO watts 
full Mad 

Length 7IV Me. 
Height 8 ins. 
Depth 110. in.. 
Weight 18 tbs. 

ARD 

A 

Audio Signal G•nerator it•gulalted Power Supply 

-hp- 20SAG 



PAR-METAL Standard CHAS SIS,RA C K , C A BINETSPANE L   S 

ADAPTABLE FOR EVERY REQUIREMENT 

Par-Metal Housings for Electronic Apparatus, offer new features, including beautiful streamlined design 
rugged construction, and adaptability. Eliminate need for Special Made-to-Order units on many jobs. Par-Metal 
offers standard ready- to-use housings for every type of transmitting or receiving apparatus. 

Par-Metal offers all the essential equipment needed to build up any sort of a job—from a Small Receiver to a Del.uxe 

Broadcasting System. 

• 

WRITE 

FOR 

CATALOG 

• 

PAR- METAL PRODUCTS CORPORATION EXPORT DEPT. 

32-62 49th Street, Long Island City 3, N. Y. 13 E. 40 St., NYC 16 
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FOR A CONTINUOUS PICTURE OF 

AMATEUR QPER 1. 
Identifies 
key clicks, 
hum and 
noises. 

KLOCYLLE. 

KILOCYCLES 

W2NA8 looking over the band the Panoramic Way 

Indicates per-
centage modu-
lation, also up-
ward, down-
ward and over. 
modulation. 

Spots module. 
ing supersonics 
and pcn.asitics. 
Helps adjust 
mtrs and an-

tennas. 

PANORAMIC RECEPTIO I 
Panoramic Reception enables the operator to see at once a con-

tinuous overall picture of band activity or examine the character 

of any signal, his own or another's. 

Now . . . through the Panadaptor, alert progressive amateurs can 

enjoy to the full the many unique advantages possible only with 

Panoramic Reception as offered by the originator and pioneer of this 

invaluable new technique. 

Consistently, otter once using the Panadaptor vvith their rigs, amateur 

after amateur claim that without Panoramic they'd be at a loss in 

practically all phases of operation ronging from looking over the 

bond or spotting replies to their COs to checking the other fellow's 
modulation. 

TRY PANORAMIC RECEPTION-THEN TRY TO DO WITHOUT IT 

Spots replies to 
COs, hard to find 
sigs, frequency 
drift, images, sta-
tions causing splat-
ter. Facilitates 
netting. 

Shows frequency 
deviation and 
modulation char. 
acteristics of FM 
signals. 

Instantly identifies 
signals, ORM and 

ORM-free spots 
within a band. 
Mea ignal 

strength of CW 
and 'phone signals 
heard through re-
ceiver. 

PANORAMIC 
•B, •rb{.4, 

VANCIRAM1C.5.1, VO,. 

RADIO CORPORATION 
242 250 WEST 55' 

Exclusive Canadian Represdatiolyds Conedled Marconi, Ltd. 



i: CiliAl 

Cat. No.. Length Min. lat. No. 

250E20 i 2 25/32 - 4 15,32 8 70FD20 3 27/32 ; -- -- —   ' 70HD15 
100HDIS 2 I/2 

350E20 3 17/ 32 Il 70ED30 103ED30 5 5/16 10 100FD20 4 11/16 43 313//3322 10 

500E20 35E30 4 15/32 I 11/16 I 200ED30 
150ED30 

8 3/8 I 13 15 200FD20 77/32 6 11 7531-112D30 6 12 15 
7 1/16 150FDZO 35HD30 

11/16 2.6 50E30 I 29 32 50ED45 6 5/32 10 50FD30 4 K2/32 8 9/16 

100E30 150E30 2 9,16 3 7 16 11 14 35F20 
100ED45 9 9/32 

1 1 '2 15 7 25H15 
100F1)30 77/16 13 

4 7550Jj1122 1/8 3.3 
3.6 
4.9 

70E30 2 5/32 70ED45 7 7/16 12 70FD30 523/32 10 2152.1122 

35E45 2 5 16 9 100E20 2 I 4 10 70H15 I 5 32 6 11 71/5/3216 4 

250E30 1 15 10 20 50E29 I 5 8 8 35H15 11, lb 4 100J12 I 1/2 6 
350E30 67 16 25 70F20 I 23 32 8 50HI5 13 16 15 16 4 

25G20 7 

8G45 1 523/3233 5 50E45 231 32 II 150120 27 8 12 7 511G20 
70E45 3 9, 16 13 250120 43 32 17 100H 15 

1501115 I 7 16 

100E45 417 32 16 33E30 I 7 8 8 250HI5 

232 11933/333722 13 

9 7/8 3.6 

250E45 
200E020 

150E45 6 3/32 1 20 
9 9/16 51,8   32 70E30 

50E30 25 16 
2 3 4 II 

9 25H30 

2;313%1; 1 287 23G45 

13G 45 
1 13/16 

21 51//13111 ' 

1 5/32 4.7 
6.4 
. 

11(3) 100F30 3 19, 32 14 3.3H31) 
50H30 6G70 12G70 6 

300E020 6 21/32 4 7/8 18 70H30 NI25 Neutralizing Menti —Mir, 1.1 

501030 4 3/32 I 8 5031)20 
150E30 

31/2 7 35HD15 I II/16 6 N250 Neutralizing Mm. 10.6 — Min.1 . 4 
For "C" and "G" listMgs see complete catalog 50HD15 2 3/32 I 7 N375 Neutralising Mas.10.7—Min.1.7 

• Numerate preceding letter indicates mmiznum capacity. Numerals following letter plus two ciphers indicates approximate peak vol are. Second letter "D" indi two sectien 

tend 

lat. No.. Length Min. Cap. 
Length Min. lap. 

TUBE SOCKETS 

.297 • 

.337 411 ne. "." 424 
-210 lbeemire 

-2911 

Base or 
Socket Typical Tube 

23- 209 Med. 4 
23 210 Pin Bayonet 
23 211 Standard Jumbo 4 pin 
23 216 Giant 5 pin Bayonet 
24 212 833A 
24 213 15211. 
24 214 1500TH 
24 215 29IA 
20 267 , 9000 series 
20 277B I Miniature 
21 235 
21- 245 Acorn 
21 265 
22- 101 829 

Lat. Na. Length Min. Cap. 

TUBE CAP CONNECTORS 

-856 -212 _dig4 -843 

1111411.L.,. 
-853 ..Z1 4" -21S 

. 
• . , ...n —le .-  46t 

.eso 451 .4e1;ele 44411111Se 4hIlii-mme.4 .4134, 

-265 ‘ .....Zeig  .‘t.:::,/,.» .975 ...„ het., , -234 

«bp ,. -9770 4111in 4illegiellt4 'lit,  _ _f214 4._ ,, 
-267 4775 

Base or 
Socket Typical Tube 

122 217 Small 7 pin 
122-224 4 pin 
122 225 5 pin 
122-226 6 pin 
122-227 7 pin med. 
122-228 Octal 
122 234 0172 
122 237 Gunn 7 pill 
122 244 Super Jumbo 
122- 247 026 
122-248 826 
122 275 Cent 5 pin 
124 220 899R 

I ube Cap 
Cal, No. Diameter Type 

TUBE CAP CONNECTORS 

119 843 .500 Radiator 
119-850 .250 Receiver 
119 -851 .36(1 Receiver 
119 852 .3611 
119 853 .360 
119 854 .566 

Safely 

lobe 1 go 
Cat. No. lbenieler Type 

119 -855 
119 856 
119 857 
133 817 
133 818 
133 820 

.366 >Jet, 

.360 With 6" strap 

.566 With e strap 
Clamp for 1.165" tube 
Clamp for 1.275" tube 
Clamp for 1.377" tube 

COMING SOON—WORTH WAITING FOR! 
* The New JOHNSON CABINET LINE 
* The New JOHNSON ROTARY BEAM ANTENNA 

COUPLINGS • CHOKES • INDUCTORS • PILOT LIGHTS • CONNECTORS 

Cat. No. Description 

COUPI.INGS 

104 250 4000 
104 2503 4000 
104-251 5000 
104 25IA soou 
104 251B 5000 
104 252 1000 
104 258 
104 259 8000 
104-2593 5000 
104-260 2500 
104-261 7500 
104-262 , 51100 
104 263 2052 

I 4 
38 
38 
1 4 
38 
1 4 
I 4 
I 4 
1. 4 
1, 4 

Dimension symbols: "V" modulated Peak Voltage. "A" 
i. d., "B" 2nd hob i. d. All insulation steatite. 

INDUCTORS 

Tube Socket "Hi-Q" 

Band Cap. le tune 
(Meters) (mug.) In 750 

230 690 ' 10 24 102 752 
230 641 20 33 102 754 
230-642 40 37 101--760 
230-643 80 71 101-762 

Cat. No. Description 

230-644 
230-645 
230-650 
230 651 
230 652 
230- 653 
230 654 
230 655 
235 646 
23:. 647 

137 2Q 
137 6Q 
137 10Q 
137 20Q 
137 40Q 

160 130 
11 27 
10 36 
20 58 
40 70 
SU 73 
160 110 

Form only, I-prong 
Form only, 5-prong 

"Q" ANTENNAS 

2 Meter Band 
6 Meter Band 

10 Meter Band 
20 Meter Band 
40 Meter Band 

R.F. CHOKES 

Frequency Rating 
(m.) (ma.) Length 

1.7 30 150 I 1/2 
1.7 30 500 2 7/13 
1.7 30 750 4 5/16 
UH 250 I 1/2 
UH 1500 Z 7/8 

Cat. No. I Deacription 

MULTI-WIRE CONNECTOR RECEPTACLES 

Na. of Connector 
Cantarla Type 

III 614 ' 12 Chaasia 
III 615 12 Cord 
111-644 7 Chassis 
Ill.645 7 Cord 

PLUGS 

111-617 12 Chassis 
111-625 12 Cord 
Ill -631 7 Chassis 
Ill 635 7 Cord 
III 6811 7 conlact pin plate bki. nil/ 
III 682 12 Colltact pin plate blit. mid. 
Ill 002 Mtg. yoke for 7 wire court, 
111-6003 Mts. yoke for 12 wire conctr. 

144-7 7 wire cable 
141 12 12 wire cable 
147- 3101 Screw base pilot light 

Choice of jewel cobra 
147- 3081 Bay. base pilot light 

Choice el jewel colors 
147-330 Screw base panel light 
147-329 Bay. base panel light 

SEE ILLUSTRATION AT RIGHT 



STANDARDS FOR COMPLETE CATALOG SEE YOUR 
DISTRIBUTOR OR WRITE DEPT. P. 
E. F. JOHNSON CO., Waseca, Minn. 

.22 

o 

-112 

.860 403 4 0.4 
-894 

-884 

-76A 

PLUGS 81 JACKS 

ti :47,21Se 

elie* 
-It 

vLes -73A 

11%lb 
.7300 -7788 

O'.53 

"C") .2" 10/44° 

Cat. No. I Description Cat No. l 

TINNED COPPER SOLDERING TERMINALS 

110 P80 
110 881 
110 882 
110 883 
110 884 
110 885 
110 886 
110 887 
110 688 
110 809 
110.090 
115 840 
110 112 
235 803 
235 804 
235-860 

Sise Hale 

6-32 
1/4' 

3/8" 
10-32 
10-31 
1/4' 

.54 -91 

LS/64' . 
33/64' 
25/64' 

33/64" 
Clip for 3/8" dia. fuss 
Screw terminal 
Inductor Clip ( I.C4S) 
Inductor Clip ( LCU 
Inductor Clip ( 860) 

Length 

9/16" 
13/16' 

1" 

15/16" 
I" 
I 1/16" 
7/8" 

19/32" 
I 9/32" 
1 1/32" 
11/32" 

-....0, 
a‘ ... if . 

., ,_,- ,_ , __., _...• _..e. .,.../ ....., 
-221 il __./ 

.65 

-24 

105-15 
105-14 
105-415 
108-75 
108-75A 
108-75BB 
108-75BR 
108 75C 
108-75D 
108 77 
108 77A 
108 - 77BB 
108 77BR 
106 71 
106 73 
106- 73A 

108 74 
108 76 
108 76A 
106 70 

RADIO HARDWARE 

.44 41tieitee ieee».07. 4111;w 
e .420 -418 2580 -ste -416 -16 

e-750 'v.75 ,.15A 

kil9C 
.iegli====2111 

956 

terte5 eti2 
Description Cat. No. 

PLUGS 

Long Solderlexs, tip plut 
Above with sharp point 
Short Solderless. tip plut 
Banana, 3, ' 8' '. 6 32 shank 
Banana, 3 '1.. .6 32 shank 
Insulated Black Handle 
As above, red 
Banana, tapped 6-32 
Banana, for riveting 
Banana, 5/0' 1/4-28 shank 
Banana, 5/8", 10 32 shank 
Insulated Black Handle 
As above, red 
Spring sl eeeee 1/2", I/1-28 screw 
Spring sleeve. 3/8". 10 32 strew 
Spring sleeve. 10 32 tapped 

JACKS 
7/32". 1/I 28 thread 
15/16" x 3 8 21 thread 
1/4-20 tapped 
1/9-20 screw, f or on. 106-71 

106-72 
105-520 

105-418 
105 419 
105-420 
105-421 
105-16 
105-416 
105-417 
105-1 
105 401 
105-1012 
105- 4015 
105 132 
105- 133 

115-253 
11S-234 
1E3 2562 
I IS 752: 
115-254 

4(415 i-15 
.880 

Description 

10-32 screw, takes - 73. -73A 
Removable Round head. tip jack 
F or 3 hole, 5/32' panel 
Choice of colors 
Molded Round head lip, Red 
Molded )(Olin!' head tip. Black 
Instil:11Pd combinat ion, Red 
Insulated combination. Black 
Large Round Head 
Small Round Head 
Small Hex Head 
Headless, tip 
Twin tip, 7 .8" nog. renters 
As above, marked "Speaker" 
As above, marked "Phony" 
Shorting twin tip. Black 
As above, red 

Panel Bearing 
Bearing Is 3" theft 
Bearint & 6" shall 
3" flexible shaft 
6" flexible shaft 

" -sat 

IIIIr.S03 

Yile 
. 4132 

A 
.....• 4 OP r 

v.o,  _....." 
. (!.„.. ) ,  400 'o, 

-53-6 40 

INSULATORS 

-31 

Cat, No, I Description 

-126 

.124 

•S1 

-12R 010-55 40 jai" 

.40 
4 4, 41 

› e 4,400 

• elkt 

y:eee 

jr 44 

Dimension symbols: "H" height, "M" nimmting centers 

STAND-OFF 

M H Mere, 

135-20 15/16 I 9 16 10 32 
135-20J 1 5/16 I 9 I 6 71 jack 
135-22 I 3/16 I II 32 
135-22,1 I 3/16 1 71 jack 
135-60 I 7/8 4 I, 2 I, 1-20 
135 62 1 3/8 2 3/4 ¡/4-20 

115 -4s 
135-65B 
135-653 
135-66 
135-66B 
135-661 
135 67 
135-67B 
135-67 .1 
135-68 
135-68B 
135-68,3 

METAL BASE TYPE 

I In 
1 1/2 
1 1/2 
I 3/8 
I 3/2 
1 3/8 
1 3/4 
1 3/4 
I 3/4 
1 3/8 
I 3/8 
I 3/8 

1 3,9 
I 3/8 
1 3/8 
2 3/4 
2 3/4 
2 3/4 
4 1/2 
4 1/2 
4 1/2 

111 82 
10-32 
71 jack 
1/4-20 
1/1-20 
76 jack 
1/4-20 
1/4-20 
76 jack 
10-32 
10-32 
74 jack 

glide COUPLINGS 

...--.1-i 

e) 

-261 

elliee.75130 

260 

R. F. CHOKES 

Cat. No, 

135 508 
135 501 
135 502 
135 503 
135 501 

Deuription 

STEATITE CONES 

5/8 
1 

6 32 
8 32 

I 1/2 8 12 
2 10 32 
3 10-32 

Dimenxion symbols: "B" wande dia, at panel, "D" dia, o 
panel hole, "H" height of top portion. 

THRU-PANEL 

B D - H Ms, 

135-40 15/16 7/16 1 1/4 10-32 
185 ILI 1 i, 16 liiii it: 4 l•f jack 
135-12 3/4 400 7. 10-32 
135-423 I 3/4 -400 7/ 74 jack 
135-44 !  5/8 .305 6-32 
135-15 I 1 1/4 1/2 13 10-32 
135-45.1 11/4 1/2 I 3 71 jack 
133-46 15/8 11 ,16 23 1 1-20 
135-161 1 5/8 11/ 16 23 76 jack 
135-47 2 1/8 31/32 4 I/ 1/1-20 
135-173 2 I/O 31/32 41/ 76 jack 

1   135-483 1 5/8 11/16 2 74 jack 
13348 I 5/8 11/16 2 10-32 

Cat. No, 

135-50 
135 51 
135-52 
135 53 
135 -51 
135-55 
135 90 
135 91 

136-104 
136-107 
136 - 112 

136-122 
136 121 
136 126 
136-31 

Description 

LEAD-IN BUSHINGS 

PILOT LIGHTS 

RS9 

-1593 

H Fhb,, 

3/4 15/32 1/2 6 32 
I 1/4 27/32 13/16 10 32 
1 3/4 I 7/32 I 1/8 1/4 20 

2 1/2 I 27 '32 I 3/4 
31/2 211/16 4 
3/4 11/32 1/4 6-32 

Alum. Mtg. flange for No. 135-53 
Alton. Mtg. flange for No.135-5 4 

ANTENNA INSULATORS 

5/8" if 4" 100 lb. test 
I" x 7" 800 lb. test 
1" x 12" 800 lb. test 

FEEDER INSULATORS 

3/8"x 1/2" x 2" Silicone impregnated 
3/8" x 1/2" x 1" Silicone mpregna t e 
3/8" x I/2"x 6" Silicone impregnated 
Tranaposition insulator 

CONNECTORS 

111-644 

SEE LISTING AT LEFT 



i HARVEY'S hesandaqinuarters 
Sonny got started right. Dad has been a Harvey customer 

since 1927, though he lives miles from New York. When 

Sonny got his ticket Dad told him to get his gear from Harvey's 

because he'd get the best, the quickest service, and 

friendly help and advice on his problems. Dad knows 
that Harvey's staff is made up of hams who know the 

ham's problems and can usually come up with a 
solution. If you live in or near New York, this friendly 

service is more direct but it can't be more personal. 

HARVEY'S HIT OF THE MONTH 
Watch this space in our 051 ad each 

month. In it you'll find bargains in items 

you can really use. 

HARVEY'S HAMFESTIVAL OF VALUES 

You'll find Harvey's ad each month in OST and 
in this space you'll see offerings of unusual 
value in addition to the staples of ham radio. 
Harvey carries large stocks of components in-

cluding meters, crystals, transmitting tubes and 
test equipment along with the complete units 

including all the popular receivers, transmit-
ters, frequency meters and other things that 

add up to a complete ham station. While the 
supply of surplus material lasts, you'll also find 
carefully selected surplus items, chosen not be-

Telephone: 

cause they can be sold cheaply, but because 
they can be used in a ham rig, or easily 
adapted — in other words, real bargains. 

Harvey's reputation for reliability has been 
growing ever since 1927 and you can be sure 
of the some prompt, courteous attention if 
you order by mail, wire, or phone as if you 
could call and place your order in person. 

By the way, if you get near Times Square, 
we're only a block away, so drop in and 

see us. 

LOngaere 3-1800 

103 West 43rd St., New York 18, N. Y. 
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eio 1$49 

Whether LARGE or SMALL every 

Solar Capacitor is "Quality Above All". 

The complete Solar catalog of mica, paper 

and electrolytic capacitors 

is designed to help you choose the right capacitor 

for every circuit. 

It's FREE. 

() (  () () NE:31.!'; (-Ime) (547t7.11%) (5E,P.rei) 

SOLAR CAPACITOR SALES CORP. 
285 MADISON AVE., NEW YORK 17, N. Y. 

Gentlemen: Please send me the new Solar Catalog. 

Name 

Address 

City Zone No. Staie 

(PLEASE PRINT) 

RAH 
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THE AMATEUR'S BOOKSHELF 
A balanced selection of good technical books, additional to the ARRL publications, should be 

on every amateur's bookshelf. We have arranged, for the convenience of our readers, 

to handle through the ARRL Book Department those works which we believe to be most 

useful. Make your selection from the following, add to it from time to time, and acquire the 

habit of study for improvement. Prices quoted include postage. Please remit with order. 

Theory and Principles 

BASIC RADIO PRINCIPLES, by M. G. Suffern. 
Elementary radio principles, circuits and 
components described in simple practical lan-
guage, without mathematics. 271 pages, 
illustrated. 1943 $3.00 

BASIC ELECTRICITY FOR COMMUNICA-
TIONS, by W. H. Tiemble. A practical treat-
ment of the electrical principles which underlie 
communications, circuits and practice. 603 
pages, illustrated. 1943 $3.50 

RADIO ENGINEERS' HANDBOOK, by 
F. E. Terman. Brood scope and detailed 
treatment make this book serve both as text 
and reference handbook. 1019 pages, illus-
trated. 1943 $6.00 

RADIO ENGINEERING HANDBOOK, Keith 
Henney, Editor. An authoritative handbook for 
engineers, with technical data on all fields and 
aspects of radio, contributed by 23 specialists. 
945 pages, illustrated. 1941  $5.00 

ULTRA-HIGH-FREQUENCY RADIO ENGI-
NEERING, by W. L. Emery. Written for engi-
neering students, this book provides an ex-
cellent transition treatment for amateurs. 295 
pages, illustrated. 1944 $3.25 

COMMUNICATION CIRCUITS, by Ware 
and Reed. From low-frequency transmission 
line and network theory, this volume leads the 
student into wave guides and advanced uhf. 
techniques. 330 pages, illustrated. 2nd edition, 
1944 $3.50 

PRINCIPLES OF RADIO, by Keith Henney. 
A medium- level text covering both electrical 
and radio fundamentals, particularly written 
for home study. 549 pages, illustrated. 4th 
edition, 1 942 $3.50 

BASIC RADIO, by J. Barton Hoag. A corn-
plete treatment of the circuits used in radio, 
television and electronics apparatus, including 
up-to-date applications. 380 pages, illus-
trated. 1942 $3.25 

Engineering and Reference 

PRINCIPLES OF ELECTRON TUBES, by H. 
J. Reich. A condensed but complete treatment 
of the theory, characteristics and applications 
of electron tubes. 398 pages. 1941 . $3.50 

COMMUNICATION ENGINEERING. by 
W. L Everitt. Complete treatment of network 
theory, including mathematical analysis of 
radio circuits and tube operation. 727 pages, 
411 illustrations. 1937 $5.00 

HYPER AND ULTRA-HIGH FREQUENCY 
ENGINEERING, by Sarbocher and Edson. A 
digest of published literature covering all 
phases of technique from 30 Mc. to 10,000 
Mc. 644 pages, illustrated. 1943.... $ 3.50 

FIELDS AND WAVES IN MODERN RADIO, 
by Ramo and Whinnery. An extensive theoreti-
cal treatment of field and wave theory, re-
quiring a knowledge of engineering mathe-
matics. Revealing and important. 502 pages, 
i Ilustrated. I 944 $5.00 

FUNDAMENTALS OF RADIO COMMUNI-
CATIONS, by A. R. Frey. A more advanced 
treatment requiring previous background. 
Authoritative, clearly written, well organized. 
393 pages, illustrated. 1944 $4.00 

INTRODUCTION TO MICROWAVES, by 
Simon Ramo. A non-mathematical description 
of concepts necessary to an understanding of 
microwave phenomena. 138 pages, illustrated 
1945 $1.75 

RADIO ENGINEERING, by F. E. Terman. A 
comprehensive treatment covering all phases 
of radio communication. An all-around book 
for students and engineers. 813 pages, illus-
trated. 2nd edition, 1937 $5.50 

FREQUENCY MODULATION, by August 
Hond. An advanced engineering text on f.m., 
presenting both theory and practice. 375 
pages, illustrated. 1942 $4.00 

PRINCIPLES OF TELEVISION ENGI-
NEERING, by D. G. Fink. Information on the 
fundamental processes of television technique, 
with design data and descriptions of 
modern equipment. 541 pages, illustrated. 
1940 $5.00 

MICROWAVE TRANSMISSION, by J. C. 
Slater. A comprehensive treatment of prin-
ciples and techniques employed in the region 
between 300 and 3000 Mc. For the ad-
vanced student or engineer. 309 pages, 
illustrated. 1942 $3.50 

Experiments and Measurements 

MEASUREMENTS IN RADIO ENGINEER-
ING, by F. E. Termon. A comprehensive engi-
neering treatment of the measurement prob-
lems encountered in engineering practice, 
with emphasis on basic principles. 400 pages, 
illustrated. 1935 $4.00 

RADIO FREQUENCY ELECTRICAL MEAS-
UREMENTS, by H. A. Brown. A laboratory 
course in r.f, measurements for communications 
students. Contains practical information on 
methods. 384 pages, illustrated. Second 
edition, 1938 $4.00 

EXPERIMENTS IN ELECTRONICS AND 
COMMUNICATION ENGINEERING, by 
Schulz and Anderson. A laboratory text de-
scribing 108 experiments covering all aspects 
of radio and electronic fields. 380 pages. 
1943 $3.00 

Commercial Equipment and Operating 

HOW TO PASS RADIO LICENSE EXAM-
INATIONS, by C. E. Drew. Gives answers 
and explanations for the paraphrased ques-
tions in the FCC study guide, covering all six 
elements of the commercial examination. 320 
pages, illustrated. 2nd edition, 1944.. $3.00 

MATHEMATICS ESSENTIAL TO ELEC-

TRICITY AND RADIO, by Cooke and Orleans. 

Provides the essentials of algebra, geometry 

end trigonometry needed to solve everyday 

PRACTICAL RADIO COMMUNICATION, 
by Nilson and Hornung. Covers basic prin-
ciples and technical requirements in the com-
mercial fields—broadcasting, police, aviation 
and marine communication. 927 pages, illus-
trated. 2nd edition, 1943 $6.00 

Miscellaneous 

problems, with practical examples. 418 
pages, illustrated. 1943 $3.00 

PRINCIPLES AND PRACTICE OF RADIO 
SERVICING, by H. J. Hicks. Receiver circuit 

THE RADIO MANUAL, by G. E. Sterling. An 
excellent practical handbook, invaluable to 
the commercial and broadcast operator and 
engineer. Covers principles, methods and 
apparatus of all phases of radio. 666 pages, 
illustrated. 2nd edition, 1938 $6.00 

fundamentals and their application to general 

service practice. Covers modern testing equip-

ment and business principles in servicing. 391 

pages, illustrated. 1943 $3.50 

THE AMERICAN RADIO RELAY LEAGUE, INC. • WEST HARTFORD 7, CONNECTICUT 
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VERTICAL ANTENNAS-ELEMENTS 
AND MOUNTING ACCESSORIES 

PREMAX TUBULAR VERTICAL ANTENNAS, collapsing and fully ha% e exceptionall efficient, dependable 
performance under most severe conditions in amateur, commercial and military installations. They will withstand all ordinary 
stresses without guying, though they should be supported by guys or standoff insulators against abnormal wind conditions. Avail-
able in heights from 6-ft. to 35-ft., in steel, aluminum or mood. 

Weather Resistant Steel Antennas 

1 

Steel Alunan Monet 

Trrl 

Extended Collapsed Base Base Weight 
No. Description Length Length 0.D. I.D. Each 

112-M 2-see., telescoping 11'8" 6'1" .656" .556" 4 lbs. 
318-M 3-sec., telescoping 17'3" 6'2" .875" .775" 7 lbs. 
224-M 4-sec., telescoping 22'9" 6'3" 1.063" .963" 11 lb,. 
130-M 5-sec., telescoping 28'3" 6'4" 1.250" 1.159" 15 lbs. 
136-M 6-sec., telescoping 33'9" 6'5" 1.500" 1.400" 20 lbs. 

Light-Weight Aluminum Antennas 
E liCIldtd ( '01 id pt. ei MI Pl. 813e Weight 

ils. Description Length Length 0.D. 1.1), Each 

AL-106 1-pc., tapered rod 6'3" 6'3" .313' ' lb. 
AL-312 2-sec., telescoping 12'4" 6W' .500" .334" 1% lbs. 
AL-518 3-sec., telescoping 18'5" 6'4" .750" .584" 3 lbs. 
AL-324 4-sec., telescoping 24'4" 6'4" 1.000" .8.34" 5 lbs. 
AL-520 5-sec., telescoping 30'0" 6'5" 1.250" 1.084" 7 lbs. 
AI-535 6-sec., telescoping 35'8" 6'5" 1.500" 1.310" 12 lbs. 

Heavy-Duty Aluminium Masts - 
Extended Minimum Base Base Weight 

No. Description Length Length 0.1). I.D. Each 
AM-017 1-pc., tapered tube 17'9" 179" 969" .689" 5% lbs. 
AM-035 2-sec., tapered 35'0" 17'9" 2.000" 1.732" 19 lbs. 

Long-Enduring M011111 Antennas 
Extended Collapsed Base Base Weight 

No, Description Length Length 0.1). 1.D. Each 
MM-313 2-see., telescoping about 13' 6'9" .625" .555" 2% lbs. 
MM-119 3-sec., telescoping about 19' 6'9" .750" .666" 5 I bs. 
MM-425 4-sec., telescoping about 25' 6'9" .875" .777" 8 I lis. 
MM-430 5-sec., telescoping about 30' 6'9" L063" .935" 13 lbs. 
MM-435 5-sec., telescoping about 35' 7'8" 1.063" .935" 15 lbs. 

Corulite Elements 
Extended Collapsed Collapsed Base Recommended Weight 

No. Description Length Length 0.14. For Per Pr. 

105-M 1-sec., non-adjustable 5'0" 5'0" .625" 6-meter 1 lb. 
108-M 2-sec., telescopi ng W2" 4'7" .750" 10-meter 2 lbs. 
113-M 3-sce., telescoping. 12'4" 4'8" .875" double zepp 3% lbs. 
618-M 4-sec., telescoping 17'0" 5'3" 1.000" 20-meter 5% lbs. 

(Premax Corulite Elements sold only in pairs, complete with 
Premax " Hairpin" Tuning Bar) 

1., 

Corulite 

Elements 
For Berme 
Arrays 

Unit 1.9,1 Una U.S 
918-M 119 M 108 3110SM 

ANTENNA MOUNTING ACCESSORIES 
Base Insulator Type 1 - A 
heavy-duty type with compres-
sion rating up to 10,000 lbs. 
Available in galvanized malleable 
iron or bronze to fit masts from 
Yi," to 1 9, 32" I.D. 

Base Insulator Type 2 - A light 
design for masts up to 18' or 
higher masts if guyed or sup-
ported by standoff insulators. te 
top poet is standard but with 
use of Adapters will fit other 
sizes. 

Base Insulator T> pe 6 for ma-
rine, tower platform or roof tops. 
Lead-thru construction permits 
antenna connections below roof 
or deck. Available for 34" to 
1 9/32" I.D. tubular masts. 

Adapters to fit Type 1, 2 or 6 
Base Insulators. Permits use of 
tubular masts from h" to lh" 
O.D. 

4 1) 

W•119..ete. 

Type 8-C Insulated Mount-
ing Clamp for horizontal 
arrays, verticals. etc. Gal-
vanized iron frame with 
porcelain split bushing. For e4" to 1" O.D. Masts. 
Type 10-C Insulated Mount-
ing Clamp. Stamped steel, 
electroplated frame, porce-
lain split bushing; light 
weight for rotary beam and 
dipole installations. For .Vg" 
to 1" elements. 

Bronze Mounting Clips for 
horizontal elements or ver-
tical antennas, or for feed 
and transmission connection. 
For h" or I" 0.D. 

33 all Bracket of heavy steel 
for mounting vertical an-
tennas on side walls, para-
pets, etc. Drilled to fit Type 
and 2 Base Insulators. 

Tne.0 

diffle 

Premax Corulite Ele-
ments have been de-
signed to meet the 
need for light-weight 
but sturdy elements 
for use in horizontal 
arrays and similar ap-
plications. They are 
exceptionally light in 
weight and their spe-
cial design provides the 
needed strength and 
rigidity so essential in 
horizontal types of in-
stallations - and at 
extremely low cost. 

The special steel tub-
ing used in these ele-
ments is a Premax 
development to insure 
tttttt total stiffness and 
strength. All parts are 
heavily electroplated 
to insure corrosion 
resistance and high 
electrical conductivity. 
They are fully adjusta-
ble to any desired 
length and a special 
locking clamp assures 
rigid joints and positive 
electrical contact be-
tween sections of the 
elements. A. ” hairpin" 
tuning bar provides 
ease of adjustment. 

Deck Bushing of brown glazed 
porcelain in galvanized mallea-
ble flange which bolts through 
rubber gasket to roof or deck. 
Inside diameter Vi,", 1%" or 
18%". 

Type 9-C Insulated Mounting 
Clamp, a simple, compact 
mounting for horizontal ele-
ments, verticals. etc. Galvan-
ized iron frame, porcelain split 
bushing. Fits %, 74" or 
1" 0.13. elements. 

Type 3 Standoff Insulator for 
supporting vertical antennas or 
for use in pairs as complete an-
tenna or element mountings. 
Galvanized iron or brass with 
porcelain body. Styles to fit 
' to 15/é" 0.13. elements. 

Ask your Radio Jobber for Premax Catalog of Antennas and Accessories. He also can supply 
you with the Premax Antenna Manual, showing many types of vertical and horizontal 
installations. 

. REMAX ROD1UCTS Aaaten 

A DIVISION OF CHISHOLM-RI DER CO.. INC. • 4722 HIGHLAND AVE. • NIAGARA FALLS. N. V. 
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211-215 NORTH MAIN STREET 

BUTLER, I 111 
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LOS ANGELES 25, CALIF. 

"WORLD'S L T DISTRIBUTOR OF SHORT WAVE RECEIVERS" 



ELECTRICAL 

MEASURING 

INSTRUMENTS 17:41F;Lueiiii 
A NEW 

CONCEPTION 

Or- QUALITY 

Model 327 Model 0321-7 Model 529 Model 446 

In Triplett's complete line of instruments you can always find the answer to your amateur and experi-
mental electrical measurement requirements. Panel and portable meters are available in more than 26 
case styles — round, square and fan — 2" to 7" sizes. Included are voltmeters, ammeters, milliam-
meters, millivoltmeters, microammeters, thermo ammeters, DB meters, VU meters and electrodyna-
mometer type instruments. 

Model 3286 Variable 

Frequency Exciter 

Provides finger-tip fre-
gummy control of the four 
most popular FCC ap-
proved amateur frequen-
cies, 3.5-4.0; 7-7.3; 
14-14.4; and 28-30 Meg-
acycles (10-20-40-80 
meter bands). Has provi-
sion for one additional 
band. 

The circuit plus voltage 
regulation and temperature 
compensated capacity 
makes this one of the most 
stable electron coupled 
exciters yet designed. Also 
can be used as a 30 watt 
C.W. transmitter inde-
pendent of any other 
equipment. 

Model 3266 Frequency Standard 
A100 KC crystal controlled 
oscillator with strong har-
monic signals for high 
frequency measurements. 

Bar type crystal, having a 
temperature coefficient of 3 
cycles per megocycle per 
degree centigrade is em-
ployed in the cryStiil oscil-
lator for very high precision. 

100 to 200 KC electron 
coupled variable R.F. oscil-
lator for measurements be-
tween the 100 KC crystal 
marker signals. 

Model 666 H 

Volt- Oh m - Millia m-

meter 

Handy pocket-size volt 
olun-mtlliamineier. AC-

DC voltage ranges to 
5000 volts, self 

contained, plus complete 
facilities for direct cur-
rent and resistance 
analyses. 

-4. Model 3276 Field Radiation Meter 

A small, compact portable field radiation meter with 
power supply and antenna self contained. 

Meter calibrated in db per meter from 0 to plus 25 with a 
set adjustment providing a means for measuring losses 
and as increments in radiation power. 

Coils covering ranges 3.4 to 4; 7 to 7.3; 14 to 14.4; and 
28 to 30 megacycles are self contained and selected by 
front panel range selector switch. No coils to plug in or 
service. 

Model 3296 

Modulation Monitor 

You get maximum effi-
ciency from your trans-
mitter with Model 3296, 
shown below. 

A good monitor enables 
the operator to "SFE" the 
signal heard by the 
listener on the other end. 

It provides four separate 
circuits for measuring am-
plitude modulation: (1) 
per cent modulation (aver-
age); (2) peak flash per 
cent modulation; (3) car-
rier shift; (4) audio output 
for headphones. These 
methods may be used sep-
arately, concurrently, or in 
any combination. NV 

o 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY 
1000 HARMON DRIVE BLUFFTON, OHIO, U.S.A. 



PLASTICON CAPACITORS 

GLASSMIKES 
• For low and medium power coupling and bypass 

circuits where mica capacitors have previously been 

required 

• Television and Oscilloscope Circuits 

• Vibrator Buffer and Arc Elimination 
• Geiger Counter and Instrument Capacitors 

Modern functionally de-
signed capacitors. Metal 
ferrules are soldered to 

silver bands fused to each end of 
heavy-walled glass tubes. 

ASTICON ASG Silicone-Fi!led GLASSMIKES 

Cat. 
No. 

Cap . 
Mfd. 

Volts 
C D. . 

Diam. & Length 11,-',V,' No. Cat. Ca. Lai,. Volts 
D. C. 

Dia. ength m 8c L 
Mfd.Price 

ASG 4 
ASG 5 
ASG 6 

.1 

.25 

.5 

3/4 x 1 3/4 
29/32 x 2 1/4 
1 3/8 a 2 3/4 

$1.95 
2.25 
2.60 

ASG 27 
ASG 28 
ASG 29 
ASG 30 

.001 

.002 

.005 
5000 

19/32 a I 3/16 
19/32 g 1 3/16 
19/32 a 1 9/16 
3/4 x 1 3/4 

$6.50 
6.70 
6.95 
7.25 

ASG 7 
ASG 8 
ASG 9 

3)05 
.01 
.02 

19/32 x 1 3/16 
19/32 a 1 3/16 
19/32 x 1 3/16 

$1.50 
1.60 
1.70 

ASG Si 
ASG 32 
ASG 33 

.01 

.02 

.05 

.1 

3/4 g 2 1/4 
1 3/8 x 2 3/4 
I 3/8 x 3 1/2 

7.65 
8.15 
9.10 

ASG 10 .05 1300 3/4 x 1 3/4 1.85 

ASG 37 
ASG 38 

.01 

.02 7500 
3/4 x 2 1/4 

29/32 x 2 3/4 
8.15 
9.25 
11.50 

ASG 11 
ASG 12 

.1 

.25 
3/4 x 2 1/4 

29/32 x 2 3/4 
2.15 
2,50 

ASG 13 .002 19/32 x 1 3/16 $1.90 ASG 39 .05 1 3/8 x 2 3/4 

ASG 14 .005 19/32 x 1 3/16 2.05 

ASG 40 19/32 a 1 9/16 $7 30 ASG 15 .01 19/32 x 1 3/16 2.25 
ASG 16 
ASG 17 
ASG 18 

.02 

.05 
2000 19/32 x 1 9/16 

.3/4 x I 3/4 
29/32 x 2 1/1 

2. 50 
2.80 
3.20 

ASG 41 
ASG 46 

.0005 

.001 

.03 
10.000 19/32 x I 9/16 

1 3/8 x 3 1/2 
7.50 
15.00 

ASG 19 
.1 
.25 1 3/8 x 2 3/4 3.70 

ASG 47 .0005 29/32 x 2 3,4 $14.50 

ASG 20 .001 19/32 x 1 3/16 $5.15 ASG 48 .001 15,000 29/32 x 2 3/4 14.80 

ASG 21 .002 19/32 x 1 3/16 5.25 
ASG 50 .0005 1 3/8 x 3 1/2 $19.50 ASG 22 .005 19/32 x 1 3/16 5.40 

ASG 23 .01 1000 19/32 x 1 9/16 5.60 ASG 51 20,000 1 3/8 a 3 1/2 20.50 
ASG 24 3/4 x 1 3/4 5.85 

.001 

ASG 25 
ASG 26 

.02 

.05 

.1 
I 

29/32 x 2 1/4 1 6.15 
I 3/8 x 2 3/4 6.50 ASG 52 .0005 30,000 1 3/8 x 3 1/2 $22.50 

TRANSMITTER Filter Capacitors 
Smaller, lighter, more economical, 
greater safety factor, longer life 

PLASTICON AOC- Mineral Oil Filled 

Mids. 

AOCO6C4 4 

,e;..,; . Dime,. i01. price 

600 4" a 2" x I 1/4" $5.28 

AOCIM I 1 1000 2 .3/8"x 1 3/4" X I' 4.02 
AOCOIMI 2 1000 3 1/2" a 2" x 1 1,4" 5.17 
AOC IM4 4 1000 4 5/8" 2 1/2" x 1 3/16" 6.44 

A0C1M8 8 1000 4 5/8" x 3 3/4" a 1 3/4" 9.24 

AOCO2M1 1 2000 2 3/8" a 2 z I 1/4" 5.72 
A0C2M2 2 2000 3 1/2" x 2 1/2" x 1 3/16" 6.71 

ADC2M4 4 2000 3 1/2" x 3 3/4" x 1 3/4" 9.24 

A0C3M1 I 3000 4" x 2 1/2" x 1 3/16" 12.10 

A0C3M2 2 3000 4" a 3 3/4" x 1 1/4" 15.40 

A0C3M4 4 3000 4 5/8" g 3 3/4" a 1 3/4" 21.29 

A0C4M1 1 4000 4" x 3 3/4" x I 1/4" 27.50 
A0C4M2 2 4000 4 5/8" x 3 3/4" a I 3/4" 33.00 

A0C5M I I 5000 4" x 3 3/4" a I 3/4" 33.00 

A0C5M2 2 5000 3 1/2" x 3 3/4" a 4 9/16" 41.25 

A0075C1 I 

. 

7500 3 1/2" x 3 3/4" a 4 9/16" 49.50 

A0C1061 I I 10,000 i 4" x 3 3/4" x 4 9/16" 88.00 

ORDER FROM YOUR JOBBER 

Condenser Products Company 
CHICAGO 27, ILLINOIS 
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The Number One requirement for the com-

plete " Ham Shack," this new Meissner 

Signal Shifter has built in band switching. 

No coils to change — 6- position switch. Normally 

equipped with five sets of coils for 10, 15, 20, 40 and 

80 meter bands plus a blank strip for any additional 

new band. All controls placed on front panel. Reduced 

warmup time...Minimum power output 6 watts on 

all boi-,d4. Choice of built-in or separare power 

supply. For complete specifications write to the 

address below. 

.t1E0.‘i.R 
SIGNAL '11IRER 

%O. 

ta 

TORDARsoN 
TRANSFORMERS 

The name Thordarson is your assurance 

of transformer quality .... backed by 51 

years of outstanding transformer manu-

facture. For every electronic requirement. 

ELECTRONIC DISTRIBUTOR AND INDUSTRIAL SALES DEPARTMENT 

MAGUIRE INDUSTRIES, INCORPORATED 
9 3 6 N. MICHIGAN AVENUE • CHICAGO 11, ILLINOIS 
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---
To Manufacturers of 

Products Used in Short-Wave 

Radio Communication 

THE RADIO AMATEUR'S HANDBOOK is the world's 
standard reference on the technique of high-frequency 
radio communication. Now in its twenty-fourth an-
nual edition, it is used universally by radio engineers 
as well as the thousands of amateurs and experiment-
ers for whom it is published. Year after year, each 
succeeding edition has sold more widely than its 
predecessor, until the Handbook now has a world-
wide annual distribution in excess of two hundred 
thousand copies of its English and Spanish editions. 
To manufacturers whose integrity is established and 
whose products meet the approval of the American 
Radio Relay League technical staff, we offer use of 
space in the Handbook's Catalog-Advertising Section. 
Testimony to its effectiveness is the large volume of 
advertising which the Handbook carries each year. It 
is truly the standard guide for amateur, commercial 
and government buyers of short-wave radio equip-
ment. Particularly valuable as a medium through 
which complete data on products can be made easily 
available to the whole radio engineering and experi-
menting field, it offers a surprisingly inexpensive 
method of producing and distributing a creditable 
catalog, accomplishes its production in the easiest 
possible manner, and provides adequate distribution 
and permanent availability impossible to attain by 
any other means. We solicit inquiries from qualified 
manufacturers who wish full data for their examina-
tion when catalog and advertising plans are under 
consideration. 

ADVERTISING DEPARTMENT . . . 

• 

American Radio Relay League 
WEST HARTFORD 7, CONNECTICUT 

 11 
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2!"\1.,1111E111.11Alff 
• Since 1925 

for more than twenty years—"Harrison has 
it!" has been the buy-word of Amateurs, 
Engineers and Purchasing Agents in all parts 

of the world! 

5i H 
teàleIERS 

Since 
‘925. 

•••••••••.• 

THE REASON ? - 

Complete stocks of the latest products of 
all leading Manufacturers—a goodly supply 
of the odd and hard-to-get items—a big, 
separate department crammed full of HSS 
(Harrison Select Surplus) bargains— unusually 
prompt shipments— consistently lowest 
prices—modern, conveniently located stores 
—a capable staff, geared up to expedite 
your mail and phone orders— and, above all, 
a sincere desire to be of friendly helpful 

service— 

THAT'S WHAT HARRISON HAS— 
TO OFFER YOU! 

Send us your orders, or inquiries, for your 
entire requirements. You'll like doing business 

with us. 
73 de 

Pit-Warr/ion W2AVA 

• AUTHORIZED FACTORY DISTRIBUTORS 

OF _PRODUCTS! 
(You fill in almost any good 

manufacturer's name) 

»ARRISON RADIO CORPORATION 
!>54) 12 WEST BROADWAY • NEW YORK CITY 7 

PHONE — BArdeay 7-9654 • EXPORT DEPT —CABLE-- - 11ARRISORAD -

[JAMAICA BRANCH-172-31 Hillside Ave.—REpublic 9-4102] 

am 



CURRENT 
CONVERSION 

WITH ATR 
QUALITY PRODUCTS 

ATR "A" 

BATTERY ELIMINATORS 
For Converting A.C. to D.C. • New Models. . 
Designed for Testing D.C. Electrical Apparatus on Regular 
A.C. lines. Equipped with Full-Wave Dry Disc Type Recti-
fier, Assuring Noifeless, Interference- Free Operation and 
Extreme Long Life and Reliability. 
• Eliminates Storage Batteries and Battery Chargers. 
• Operates the Equipment at Maximum Efficiency at All 

Times. 
• Fully Automatic and Fool-Proof. 

AIR LOW POWER 

IN 
For Inverting D.C. to A.C. • Another New ATR Model 
... Designed for Operating Small A.C. Motors, Electric 
Razors, and a Host of Other Small A.C. Devices from D.C. 

Voltage Sources. 

ATR STANDARD AND 

HEAVY DUTY INVERTERS 
For Inverting D.C. to A.C. • Specially Designed for 

Operating A.C. Radios, Television Sets, Amplifiers, Address 
Systems, and Radio Test Equipment from D.C. Voltages in 
Vehicles, Ships, Trains, Planes, and in D.C. Districts. 

Write for new literature describing the complete ATR line of Vibrators, Vibrator Power Supplies 
and Rectifier Power Supplies 

à MERICAN TELEVISION ik RADIO CO. 
Manufacturers of Quality Products Since 1931 

ST. PAUL, MINNESOTA, U. S. A. 

146 



FOR THE FORTUNATE HIGH—FIDELITY BUGS WHO 

AFFORD "PROFESSIONAL" EQUIPMENT 

ALTEC LAISING 

604 DUPLEX 15- inch 

OFFERS 

603 DIA-CONE 15-inch 600 DIA-CONE 12-Inch' 

SPEAKERS • AMPLIFIERS • TRANSFORMERS 

A-255 AMPLIFIER 

MODEL boa DUPLEX: Here's the speaker that's the 

standard of l'111 studios! The Duplex is a full 

2-way multicellular speaker that reproduces the 

entire FM range, from 50 to 15,000 cycles, without 
intermodulation or distortion. 

MODEL 603 DIA-CONE: Follows close at the heels of 

the Duplex in quality, but easier on your budget. 

This speaker incorporates all the advantages of 
a 2-way multicellular speaker system. 

MODEL 600 DIA-CONE: Typical Altec Lansing high 

fidelity in a smaller-sized, lower-priced speaker. 

Manufacturers who design sets for critical ears 
are selecting this model for their finer combinations. 

AMPLIFIERS: A complete line of quality equipment 

ranging from pre-amplifiers to quarter kilowatt 
amplifiers. For specific information, write for bul-

letins on the various sizes and types available. 

"K EEP ADVANCING 

CAN 

TRANSFORMERS 

TRANSFORMERS: Altec Lansing has developed a 
complete line of transformers, especially de-
signed for high quality use. Input, inter-
stage and output transformers available 
with a transmission range of 20 - 20,000 
cycles (± 1 db). 

`Models 603 and 600 both employ the exclusive 
Dia-Cone principle, reproducing high frequencies 
and low frequencies from separate diaphragms. 

1161 N. Vine St., Hollywood 38, Cal. 
250 W. 57th St., N. Y. 19, N. Y. 

WI TH A LTEC L ANSI NG •' 
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leklICRAFIER SX.42 
A new high standard of per-

monce and verseDy for , cov-
ering all frequencies from 540 

kc to 110 mc. 

IN RADIO SINCE 1926 
NOW TWO LOS ANGELES STORES TO 

SERVE YOU EVEN BETTER, FASTER 

tiOAMARLUND 
liG1.129.X 

Professional type 
cmunications re- 
coemiver built to meet 
the needs of the most 

discriminating pr 
essional. Frequency 
ronge .54-31 mc. 

HAMMARLUND 
SP.400-X SUPER PRO 
Outstanding corn-
municotions receiver 
for profession al and 
amateur us e, cover-
ing frequency ronge 

.54-30.0 mc. 

NC.2. 40D 
144.110t44.1. General 30,000 communications receiver coverg 

in 

490 to kc with calibrated electrical 

bondspread for the20 and 10 
meter radio amateur band. 

h1/0101-14.1. 1-1110.54.1 

Brings the famous 1-1120 to a new 
series Frequency 

high in receiver per  ronge normally supplied 1.7-30.0 mc. 

Recent completion of our new modern building emen, and 

more than 

quadruples our capacity to srve amateurs, servic e 

Special note to radio amateur s: Our amateur even better 

department 

radio electronics industries. 

is being constantly a . expanded in order to render 

We wish to thank our legion of satisfied customers who have service to hams by hms 

m ode our building expansion possible. 

RADIO PRODUCTS SALES INC. 
1501 South Hill Street • 238 West 15th Street 

Los Angeles'15, California 
Phone: Prospect 7471 Cable Address: RAPRODCO 

BRAND NAMES THAT 
COUNT! YOU'LL FIN 

ALL AT RADIO P 

SALES IN 

AEROVOX 

AHRCO 

ALLIANCE 

ALPHA 

AMERICAN 
BEAUTY 

AMPHENOL 

ARRL 

ASIATIC 

ATLAS SOUND 

AIR 

B & W 

BELDEN 

BELL 

BIRNBACH 

BLILEY 

BOGEN 

BRUSH 

BUD 

BURGESS 

CARDWELL 

CENTRALAR 

CINAUDA-
GRAPH 

CONTINENTAL 

CORNELL 
DUBLIER 

CROWE 

DRAKE 

DUMONT 

EIMAC 

ELECTRO VOICE 

ELECTRONIC 

LABORATORIES 

ERIE 

GC 

GENERAL 
ELECTRIC 

GORDON 

HALLICR AFTERS 

HAMMARLUND 

HEINTZ & 
KAUFMANN 

HICKOK 

HYTRON 

ICA 

JACKSON 

J. F. D. 

JOHNSON 

JONES 

K ESTER 

KRAEUTER 

LENZ 

LITTELFUSE 

MARION 

MEISSNER 

MICRO SWITCH 

MILLEN 

MILLER 

MONITOR 

MUELLER 

NATIONAL 

OrIMITE 

PARMETAL 

PEERLESS 

PIERSON 

PRECISION 

PREMAX 

PRESTO 

RADIART 

RME 

RAYTHEON 

SANGAMO 

SHURE 

SIMPSON 

SPEED-X 

SUPERIOR 
ELECTRIC 

SUPREME 

TAYLOR 

THERMADOR 

THORDARSON 

TRIMM 

TRIPLETT 

TURNER 

UNITED 

OTC 

UNIVERSAL 

UNIVERSITY 

UTAH 

VIBROPLEX 

WESTON 

and many others 

Get YOUR NAME on our moiling list. 
Send us a postcard or loiter, and slate 
whether you are amateur, serviceman 
or engineer. We'll keep you posted on 
merchuncliie avuiloble, new eg.ipinent 
and special bargains. Address corre-
spondence to Dept. A. 



NEW 

Vitt/11111*E 

VOLTMETER 

SPECIFICATIONS 
Laboratory Kit Model LKV.300 

VOLTAGE RANGE: 0.2 to 300 volts a-c, 

in five ranges. 
ACCURACY: C:3% of full scale on oil 
five ranges for sinusoidal voltages. 
LOADING EFFECT: Input circuit has less 
than 7 uuf capacitance at all frequencies. 
FREQUENCY RESPONSE: Within full 
rated accuracy from 50 cycles to 50 meg. 
°cycles. Down 1 db at 20 cycles, and up 
less than 2.5 db at 150 megacycles. 
sr•saiLITY: Little if any resetting will 
be required even aver long period' of 
time, once the initial zero setting is 
made on the lowest ronge. 
INDICATING INSTRUMENT: Spedally 
designed physically and electrically. The 
linearity and clarity of the scale permit 
simple and accurate readings to be 
made. It is impossible to burn out the 
movement due to overvoltoge applied 

to the input terminals. 
CIRCUIT: Twin diode probe working in-
to o bridge type feed back stabilized 
amplifier. The circuit was designed for 
this application by the Alfred W. Barber 
Laboratories and is fully licensed under 

their patents. 
TUBES SUPPLIED: 1-6A1.5, 2-6.15, 1-
6ZY5G, all aged, tested and matched. 
POWER SUPPLY: Works directly from 

105-125 volt o c line. 
RATING: Continuous duty. 
MOUNTING: Reverse etched aluminum 
panel in o block crackle finished steel 

cabinet. 
DIMENSIONS: 61/2" x 11" x 53/4 

EIGHT: 10 pounds. 

I ALL FREQ ENCY VACUUM TUBE 
• VOLTMETER le ,die bute 

LABORATORY PRECISION 

Better than =L-3% accu-

racy on all ranges. Less 

than 7 uuf input at all free 

quencies. 

• 

FULL RANGE 

Will measure voltages 

from 0.2 to 300 volts at 20 

cycles to beyond 200 

megacycles. 

• 

NEW LOW COST* 

Priced at less than half the 

cost of Lomporoble labo-

ratory instruments. 

Build it yourself! That's part of the serious Ham's creed. Build 
it better? That goes without saying. Here is your opportunity 
to do both. You get fully illustrated wiring and assembly in-
structions. Every part you need is included—laced cables— 
screws—soldering lugs—mounting brackets—all the parts in-

tegrated to give you an instrument of which you will be proud 
to build, own and use., 

Conservatively rated parts, engineered into a finished unit 
assure you an instrument of unquestionable laboratory accu-
racy. The entire kit is composed of parts chosen or specified to 
a particular performance requirement. 

PRICE $62.50 FOB New York. 
Shipped prepaid if money order or check accompanies order. 

FREDERIC D. SCHOTTLAND 

82-62 Grenfell Ave., Kew Gardens, N. Y. 
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The American 

a_dio e'lay cCeagne 

is T HE American Radio Relay League, Inc., a non- 

commercial association of radio amateurs, bonded 
for the promotion of interest in amateur radio 

communication and experimentation, for the relaying of 
messages by radio, for the advancement of the radio art 

and of the public welfare, for the representation of the 
radio amateur in legislative matters, and for the main-
tenance of fraternalism and a high standard of conduct. 

It is an incorporated association without capital 

stock, chartered under the laws of Connecticut. Its affairs 
are governed by a Board of Directors, elected every 

two years by the general membership. The officers are 

elected or appointed by the Directors. The League is 

non-commercial and no one commercially engaged in 
the manufacture, sale or rental of radio apparatus is 

eligible to membership on its board. 
"Of, by and for the amateur," it numbers within its 

ranks practically every worth-while amateur in the nation 
and has a history of glorious achievement as the standard-

bearer in amateur affairs. 
Inquiries regarding membership are solicited. A 

bona fide interest in amateur radio is the only essential 

qualification; ownership of a transmitting station and 
knowledge of the code are not prerequisite. 

,}11embership _Application (Blank, 3—> 
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Application for Minteriltip 

AmEitmcAN RADIO HE. tv LE.tbuie: 
.1dminixtratire Headquarters:Wes( Hartford 7. Conn.. I. S. A . 

 194 . . . 

AMERICAN RADIO RELAY LEAGUE, 

West Hartford, Conn., U. S. A. 

Being genuinely interested in Amateur Radio, I 

hereby apply for membership in the American Radio 

Relay League, and enclose $2.50* in payment of one 

year's dues, $1.25 of which is for a subscription to QST 

for the same period 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 D (indicate which) to the addréss below: 

Name  

A bona fide interest in amateur radio is the only essential require-

ment but full voting membership is granted only to licensed radio 

amateurs of the United States and Canada. Therefore. if you have 

a license, please be sure to indicate it above. 

[
*S2.50 in the United States and Possessions, 83.00 in the 
Dominion of Canada, $4.00 in all other countries. Foreign 
remittances must yield the above amounts in U. S. funds. 
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ce vt, " 
eci .70 Readerà (I) ec 

V: 
LIA 
in Li: 

ei V: 
Lcec etc WHO ARE ALREADY MEMBERS 

H ERE IS A FORM for your convenience in expressing to your SCM V: V: 

interest in any Communications Department appointment. Read :4 

V: "Leadership and Station Appointments," Chapter XXI. Select the CA: 
.:.. 

appointment which best fits your operating interests and qualifi- ( 

cations. The SCM will be happy to consider your application for e: 

Official Relay Station, Official Experimental Station, Official Phone 

rin Station, Official Broadcasting Station, or Official Observer. Appoint- V: 

e: ments as Section Emergency Coordinator, Emergency Coordinator, cie: 
V: Phone Activities Manager, and Route Manager also are available 

e: to amateurs of proven ability. The SCM is particularly interested to li\II: 

e: know of your interest in any of the leadership appointments. î Copy 

e: this form, or cut it out. Send direct to your Section Communications 114 

Manager (address on page 6, each OST). 4. The Communications V: 

Cal Department field organization includes the United States and its 

territories, Canada, Newfoundland, Labrador, Cuba, the Isle of 

:4 Pines, and the Philippine Islands. Applications from outside these 

Lg: areas cannot be handled. le: 

Y W.41 :41 

CIA: V: 

APPLICATION FOR APPOINTMENT te.41 
cei :A  

Y To: Section Communications Manager  Section, ARRE 11411:1 SI 

:41111 eC 
110 From    Call  e: 

Y 

Street and Number   .. . :4 

Cel 1:41 
City  County State  C1:4:1 

CleC I am interested in appointment as  Y 
tle ORS, OES, OPS, OBS, 001 Cie 

1:413 I would like to be considered for the following leadership appointment if or when a vacancy exists. 111 

le: (SEC, EC, BM; PAM) LI: 

CIA My station is operative in the following bands Mc. e: 

11 ,1: My ARRE membership expires  4ei 
11141: • MONTH YEAR 11:‘\ : 

M il I understand that each ARPE appointment requires annual endorsement, and may be suspended or :A 
e: cancelled at the discretion of the Section Communications Manager for inactivity, lack of interest or 

failure to report regularly each month. Please send me detailed forms or further information necessary eril 

LI: in connection with this application. CA 

LI: Date  Signed  Cr: 

:al LI: 
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