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Foreword

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

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

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

The Handbool: has long heen considered an indispensable part
of the amateur’s equipment. We carnestly hope that the present
edition will suceeed in bringing as much assistance and mspiration
to amatewrs and would-be amateurs as have its predecessors,

A. L. Bubroxg

(leneral Manager, A.R.K.L.
West Ilartford, Conn,
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THE
AMATEUR'S
CODE

«ONE-.

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

e TWO o

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

« THREE »

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

« FOUR »

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

e 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.

e SIX e

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

his community. el VG ;
— Pau . Sega



CHAPTER 1

Amateur Radio

Amateur radio is a scientific hobby, a means
of gaining personal skill in the fascinating art
of cleetronies and an opportunity tc com-
municate with fellow eitizens by private short-
wave radio. Seattered over the globe are over
250,000 amatceur radio operators who perform
a service defined in international law as one of
“gelf-training, intercommuniceation and  techni-
calinvestigations carricdon by . . . duly author-
ized persons interested in radio technique solely
with a personal aim and without pecuniary
interest.”

I"'rom a humble beginning at the turn of the
century, amateur radio has grown to hecome
an established institution. Today the Ameri-
can followers of amateur radio number over
200,000, trained communicators from  whose
ranks will eome the professional communica-
tions speeialists and exceutives of tomorrow —
just as many of today’s radio leaders were first
attracted to radio by their early interest in
amateur radio communication. A powerful
and prosperous organization now provides a
bond between amatceurs and proteets their
interests; an internationally respeeted maga-
zine is published selely for their benefit. The
military services seek the cooperation of the
amateur in developing communications re-
serves, Amateur radio supports a manufaetur-
ing industry which, by the very demands of
amateurs for the latest and best equipment,
is always up-to-date in its designs and pro-
duction  techniques — in o itself a national
asset. Amateurs have won the gratitude of
the nation for their heroie performances in
times of natural disaster; traditional amateur
skills in emergeney communication are also the
stand-hy svstem for the nation's civil defense,
Amateur radio is; indeed, a magnificently useful
institution.

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

“Amateurs? . . . Oh, ves. . . . Well, stick
’'em on 200 meters and below; they’ll never
get out of their backyvards with that.”

But as the years rolled on, amateurs found
out how, and DX (distance) jumped from local
to 500-mile and cven oceasional 1000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaving developed into
a fine art — an ability that was to prove in-
valuable when the Government suddenly ealled
hundreds of skilled amatenrs into war service
in 1917. Meanwhile U, 8. amateurs began to
wonder if there were amateurs in other coun-
tries across the seas and if, some day, we might
not span the Atlantic on 200 meters.

Most important of all, this period witnessed
the birth of the Ameriean Radio Relay League,
the amateur radio organization whose name
was to be virtually synonymous with subse-
quent amateur progress and short-wave de-
velopment. Conceeived and formed by the
famous inventor, the late Hiram Perey Maxim,
ARRL was formally launched in carly 1914, It
had just begun to exert its full foree in amateur
activities when the United States deelared 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 6000 amateurs.
Over 4000 of them served in the armed forees
during that war.

Today, few amateurs realize that World
War 1 not only marked the close of the first
phase of amateur development but eame very

HIRAM PERCY MAXIM
President ARRL, 1914-1936



near marking its end for all time. The fate of
amatceur radio was in the balance in the days
immediately following the signing of the Armi-
stice, The Government, having had a taste of
supreme authority over communieations 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 ree-
ords stored away. Most of the former amateurs
had gone into serviee; 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 seattered, no
organization, no membership, no funds. But
those few determined men finaneed the pub-
lication of a notiee to all the former amateurs
that could be located, hired Kenneth DB,
Warner as the League's first paid sceretary,
floated o bond issue among old League mem-
bers to obtain money for immediate running
expenses, bought the magazine QST to be the
Leaguce's official organ, started activities, and
dunned ofliecialdom until the wartime ban was
lifted and amateur radio resumed again, on
Oetober 1, 1919, There was a headlong rush
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard
put to supply radio apparatus fast enough,.
Llach night saw additional dozens of stations
crashing out over the air. Interference? It was
bedlam!

But it was an cra of progress. Wartime needs
had stimulated technieal development. Vac-
uum tubes were being used both for recciving
and transmitting, Amatcurs immediately
adapted the new gear to 200-meter work.
Ranges promptly increased and it became
possible to bridge the continent with but one
intermediate relay.

@ TRANSATLANTICS

As DX beecame 1000, then 1500 and then
2000 miles, amateurs began to dream of trans-
atlantic work. Could they get across? In De-
cember, 1921, ARRL sent abroad an expert
amateur, aul I Godley, 2ZE, with the best
receiving equipment available. Tests were run,
and (hirty American stations were heard in
Europe. In 1922 another transatlantic test
was carricd out and 315 American calls were
logged by European amateurs and one French
and two British stations were heard on this
aide.

Everything now was centered on one objec-
tive: two-way amateur communication across
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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
suceessful, Reports indieated that as the wave-
length dropped the resulls were hetler. Fxeitement
began to spread through amateur ranks,

Finally, in November, 1923, after some
months of careful preparation, two-way ama-
teur transatlantic communieation was accom-
plished, when Schnell, 1MO, and Reinartz,
INAM (now WACE and K6BJ, respeetively)
worked for several hours with Deloy, 8AB,
in France, with all three stations on 110 me-
ters! Additional stations  dropped  down  to
100 meters and found that they, too, could
casily work two-way across the Atlantie. The
exodus from the 200-meter region had started.
The “short-wave’ era had begun!

By 1924 dozens of commercial companics
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 servieces. Although thought
still centered around 100 meters, League offi-
cials at the first of these frequencey-determining
conferenees, in 1924, wisely obtained amateur
bands not only at 80 meters but at 40, 20, and
even H meters,

Eighty meters proved so successful that
“forty’ was given a try, and QSOs with Aus-
tralia, New Zealand and South Africa soon
beeame commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
peeted possibilities when 1XNAM worked 675
on the West Coast, direet, at high noon. The
dream of amateur radio — daylight DX! —
was finally true.

@ PUBLIC SERVICE

Amateur radio is a grand and glorious
hobby but this fact alone would hardly merit
such wholchearted =upport as is given it by
our Government at international eonferences,
There are other reasons, One of these is a thor-
ough appreciation by the military and civil de-
fense authorities of the value of the amateur
as a source of skilled radio personnel in time
of war. Another asset is best deseribed as “public
service,”’

About 4000 amateurs had contributed their
skill and ability in’17-"18. After the war it was
only natural that cordial relations should pre-
vail between the Army and Navy and the ama-
teur, These relations strengthened in the next
few years and, in gradual steps, grew into co-
operative activities which resulted, in 1925, in
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the establishment of the Naval Communiea-
tions Reserve and the Army-Amateur Radio
System  (now the Military Affiliate Radio
System). In World War 11 thousands of ama-
teurs in the Naval Reserve were called to ae-
tive duty, where they served with distinction,
while many other thousands served in the
Army, Air Forees, Coast Guard and Marine
Corps. Altogether, more than 23,000 radio
amateurs served in the armed forees of the
United States. Other thousands were engaged
in vital civilian eleetronic researceh, develop-
ment and manufacturing. They also organized
and manned the War Kmergeney Radio Serv-
ice, the communications seetian of OCH.

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  emergenecies.  Amateur co-
operation with expeditions began in 1923 when
a League member, Don Nix, ITS, of Bristol,
Conn. (now assistant techniecal editor of QST7),
accompanied MacMillan to the Arctie on the
schooner Bowdoin with an amateur station,
Amateurs in Canada and the U8, provided the
home contacts. The success of this venture was
so outstanding that other explorers followed suit.
During subsequent yvears a total of perhaps two
hundred voyages and expeditions were assisted by
amateur radio, the several explorations of the
Antaretic being perhaps the best known.

Since 1913 amateur radio has been the prin-
cipal. and in many cases the only, means of
outside communication in several hundred
storm. flood and carthquake emergeneies in
this country. The 1936 and 1937 eastern states
floods. the Southern California flood and Long
Island-New England hurricane disaster in 1938,
the Florida-Gulf Coast hurricanes of 1917, and
the 1955 flood disasters called for the amateur’s
greatest emergeney effort. In these disasters
and  many  others — tornadoes,  sleet  storms,
forest fires, blizzards — amateurs played a major
role in the relief work and ecarned wide com-
mendation for their resourcefulness in effecting
communication where all other means had failed.
During 1938 ARRIL inaugurated a new emer-
geney-preparedness program, registering persoun-
nel and equipment in its Emergeney Corps and
putting into effeet a comprehensive program of
cooperation with the Red Cross, and in 1947 a
National Emergeney Coordinator was appointed
to full-time duty at League headquarters.

The amateur's outstanding record of organized
preparation for emergeney communications and
performance under fire has been largely respon-
sible for the decision of the Federal Government
to set up special regulations and set aside special
frequencies for use by amateurs in providing
auxiliary communications for civil defense pur-
poses in the event of war, Under the hanner,
“Radio Amateur Civil Emergeney Serviee,” ama-
teurs are setting up and manning community and
arca networks integrated with civil defense fune-
tions of the municipal governments. Should a war

ause the shut-down of routine amateur activi-

ties, the RACES will be immediately available in
the national defense, manned by amateurs highly
skilled in emergeney communiceation.

@ TECHNICAL DEVELOPMENTS

Throughout these many yvears the amateur
was careful not to slight experimental develop-
ment in the enthusiasm ineident to interna-
tional DN. The experimenter was constantly
at work on ever-higher frequencies. devising
improved apparatus, and learning how to
cram several stations where previously there
wis roowm 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 resourcctulness and his ability to
make the most of what is at hand. In 1924, first
amateur experiments in the vieinity of 36 Me.
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 QST7s editor). developed the theory
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of
better distances: while oceasional manifesta-
tions of ionospherie propagation, with still
greater distances, gave the band uniquely er-
ratie 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 6-
meter DX is not uncommon; during solar peaks,
even the oceans have been bridged! 1t is a
tribute to these indefatigable amateurs that
today’s concept of v.h.f. propagation was de-
veloped largely through amateur rescarch.

The amateuris constantly in the forefront of
technieal progress. His incessant curiosity, his
stgerness Lo try anything new, are two reasons.,
Another is that ever-growing amateur radio
continunlly overcrowds its frequency assign-
ments, spurring amateurs to the development
and adoption of new techniques to permit the

A corner of the ARRL laboratory.
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accommodation of more stations. For examples,
amateurs turned from spark to e.w., designed
more sclective receivers, adopted crystal control
and pure d.c. power supplies. I'rom the ARRL’s
own laboratory in 1932 came James Lamb’s “sin-
gle-signal”” superheterodyne — the world’s most
advanced high-frequencey radiotelegraph receiver
—and, in 1936, the “noise-silencer” circuit.
Amateurs are now turning to speech “elippers” to
reduce bandwidths of phone transmissions and
“single-sideband suppressed-carrier”” svstems as
well as even more seleetivity in receiving equip-
ment for greater eflicieney in speetrum use.
During World War 11, thousands of skilled
amateurs contributed their knowledge to the
development of seeret radio deviees, both in
Government and private laboratories. Equally
as important, the prewar teehnieal progress by
amateurs provided the keystone for the de-
velopment of modern military communications
cquipment, Perhaps more important today
than individual contributions to the art is the
mass cooperation of the amateur body in
Government  projeets such as  propagation
studies; cach participating station is in reality
a separate field laboratory from which re-
ports are made for correlation and analysis. An
outstanding exmmple was varied amateur partiei-
pation in several activities of the International
Gieophysical Year program. ARRL, with  Air
IForee sponsorship, condueted an intensive study
of v.h.{. propagation phenomena — DX trans-
missions via little-understood  methods sueh as
meteor and muroral refleetions, and  transequa-
tortal seatter. ARRL-afliliated elubs and groups
have operated precision receiving antennas and
apparatus to help track carth satellites via radio.
For volunteer astronomerssearching visually I'or?t-hc
satellites, other amateurs have manned networks to
provide instant radio reports of sightings to n cen-
tral ageney so that an orbit might be computed.
Emergency relief, expedition contact, ex-
perimental work and countless instances of
other forms of publie service — rendered, as
they always have been and always will be,
without hope or expeetation of material re-
ward — made amateur radio an integral part
of our peacctime national life. The importance
of amateur participation in the armed forees
and in other aspeets of national defense have
emphasized more strongly than ever that ama-
teur radio is vital to our national existence

@ THE AMERICAN RADIO RELAY
LEAGUE

The 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 pledged to promote interest in
two-way amateur communication and experi-
mentation, It is interested in the relaying of

12

1-AMATEUR RADIO

2 . = p s B b

The operating room at WI1AW,

messages by amateur radio, It is concerned with
the advancement of the radio art. It stands for
the maintenance of fratcrnalism and a high
standard of conduet. It represents the amateur
in legislative matters,

One of the League’s prineipal purposes is to
keep amateur activities so well conducted that
the amateur will continue to justify his ex-
istenee. Amateur radio offers s followers
countless pleasures and unending satisfaction.
It ulso ealls for the shouldering of responsi-
bilities the maintenance of bigh standards.,
a cooperative lovalty to the traditions of
atateur radio, a dedieation to its ideals and
priveiples, so that the institution of amateur
radio may continue to operate “in the public
interest. convenience and necessivy.”

The operating territory of ARRL is divided
into one Canadian and fifteen U. S, divisions,
The affairs of the League are managed hy a
Board of Directors. One direetor is eleeted
every two vears by the membership of eaeh
U, 8. division, and one by the Canadian member-
ship. These direetors then choose the president
amd viee-president, who are also members of the
Board. The seeretary and treasurer are also ap-
pointed by the Board. The directors, as represen-
tatives of the amateurs in their divisions, meet
annually to examine current amateur problems
and formulate ARRL policies thercon, The di-
rectors appoint a general manager to supervise
the operations of the League and its headquarters,
and to earry out the policies and instruetions of
the Loarel,

ARRL owns and publishes the monthly
magazine, @57, Acting as a bulictin of the
League’s organized activities, Q5T also scrves
as a medium for the exehange 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 furemost radio
magazines in the world. Membership dues in-
clude a subseription to QST

ARRE muaintains a model headquarters
amateur station, known as the Hiram Perey
Maxim  Memorial Station, in  Newington,
Conn. Its eall is WI1AW, the call held by Mr.
Maxim until his death and later transferred
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to the League station by a speeial FCC action.
Separate transmitters of maximum legal power
on each amateur band have permitted the
station to be heard regularly all over the
world. More important, W1AW transmits on
regular schedules bulletins of general interest
to amateurs, conducts code praetice as a
training feature, and engages in two-way work
on all popular bands with as many amateurs
as time permits.

At the headquarters of the League in West
Hartford, Conn,, is a well-cquipped laboratory
to assist staff members in preparation of
technieal material for QST and the Radio
Amateur's Handhool. Amonyg its other ae-
tivities, the League maintains a Comnmunien-
tions Department concerned with the operat-
ing activities of League members, A large field
organization is headed by a Rection Communi-
eations Manager in cach of the League's
seventy-three seetions. There are appointments
for qualified members in various ficlds, as out-
lined in Chapter 24, Special activities and contests
promote operating skill. A special section s
reserved each month in QST for amateur news
from every section of the country.

. AMATEUR LICENSING IN THE
UNITED STATES

Pursuant to the law, FCC has issued de-
tailed regulations for the amateur serviee,

A radio amateur is a duly authorized person
interested in radio teehnique solely with o per-
sonal aim and without pecuniaryinterest. Ama-
teur operator lieenses are given to U, X, 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 reecive code.
There are four available elasses of amateur license
— Novice, Technician, General (called “Condi-
tional” if exam taken by mail), and Amateur
lixtra Class. [Sach has different requirements, the
first two being the simplest and consequently con-
veying limited privileges as to frequencies avail-
able. lixams for Novice, Technician and Condi-
tional classes are taken by mail under the super-
vision of a volunteer examiner. Station licenses
are granted only to leensed np(-l.mns and permit
communication between such stations for ama-
teur purposes, i.c., for personal noncommercial
aims flowing from an interest in radio technique.
An amateur station may not be used for material
compensation of any sort nor for broadeasting.
Narrow bands of frequencies are allocated exelu-
aively for use by amateur stations. Transmissions
may he on any frequency within the assigned
bands. All the frequeneies may be used for c.w.
telegraphy; some are available for radiotele-
phone, others for special forms of transmission
such as teletype, facgimile, amateur television or
radio control. The input to the final stage of
amateur stations is limited to 1000 watts and
on frequencies below 144 Me. must be ade-
quately filtered direct current. Imissions must he
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 mobile stations subject
to further regulations. All radio licensees are
subjeet to penalties for violation of regulations.

Amateur licenses are issued entirely free of
charge. They can be issued only to eitizens but
that is the only limitation, and they are given
without regard to age or physical condition to
anvone who suceessfully completes the exam-
ination. When you are able to copy code at the
required speed, have studied basie transmitter
theory and are familiar with the law and ama-
teur regulations, vou are ready to give serious
thought to sceuring the Government amateur
licenses which are issued you, after examina-
tion by an IFCC engineer (or by a volunteer, de-
pending on the license class), through FCC ot
Washington. A complete up-to-the-minute dis-
cussion of license requirements, and study guides
for those preparing for the examinations, are to
be found in an ARRIL publication, The Radio
Awmateur’s Lirense Manual, available from the
Ameriean Radio Relay Leagne, West Iartford
7, Conn,, for 50¢, postpaid.

@ LEARNING THE CODE

Iu starting to learn the code, you should
consider it simply another means of conveying

A didah N dahdit

B (lahdldldlt (¢ (ldl)(lalnlull

C dalndldahdlt P didahdahdit

D dabdidit Q duh(_l:@dih

E dit R didahdit

F dididahdit S dididit

G dahdahdit T dah

H didididit U (lldldah

1 didit \"A dl(ll(lldah

J didahdahdah w dldahduh

K dahdldah X dahdldldah

L dld‘lhdldlt Y (lahdldahdah

M dahdah VA (hhdah(lldlt

1 (lldul_l(iahd'lhdah 6 dahdidididit

2 dididahdahdah 7 dahdahdididit

3 didididahdah 8 dah(lahtlwhdl(llt
4 dididididah 9 d’lhdahdu_hd_a_hdlt
5 dididididit 0 dahdahdahdahdah

Period: didahdidahdidah. Commas: dahdah-
dididahdah. Question mark: dididahdahdidit.
Error:didididididididit. Doubledash:dahdididi-
dah. Wait: didahdididit. End of message:
didahdidahdit. Invitation to transmit: dahdi-
dah. End of work: didididahdidah. Fraction
bar: dahdididahdit.

Fig. 1-1--The Continental {International Morse) code.
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information. The spoken word is one method,
the printed page another, and typewriting and
shorthand are additional examples. Learning
the code is as easy — or as difficult — as
learning to type.

The important thing in beginning to study
code is to think of it as a language of sound,
never as combinations of dots and dashes. 1t is
casy to “speak” code equivalents by using
“dit” and “dah,”’ so that A would be “didah™
(the “t” is dropped in sueh combinations). The
sound “di” should be staceato; a eode char-
acter such as 5" should sound like a machine-
gun burst: dididididit! Stress eaeh “dah™
equally; they are underlined or italieized in
this text because they should be slightly
aceented and drawn out.

Take a few eharacters at a time. Learn them
thoroughly in dideh language before going
on to new ones. If someone who is familiar
with code can be found to “send” to you,
cither by whistling or by means of a buzzer
or eode oscillator, enlist his codperation.
Learn the code by listening to it. Don't think
about speed to start; the first requirement is
to learn the characters to the point where
vou can recognize cach of them without
hesitation. Concentrate on any difticult letters.
Learning the code is not at all hard; a simple
booklet treating the subject in detail is another of
the beginner publications available from the
League, and is entitled, Learning the Radiotele-
graph Cade, 50¢ postpaid.

Code-practice transimissions are sent by W1AW
every evening at 2130 EST (KDST May through
Octoher). See Chapter 214, “Code Proficiency.”?

. THE AMATEUR BANDS

Amateurs are assigned bands of frequencies
at approximate harmonic intervals throughout
the spectrum, Like assignments to all services,
they are subjeet to modification to fit the
changing pieture of world communications
needs. Modifications of rules to provide for do-
mestic needs are also oceasionally issued by FOC,
and in that respect each amateur should keep
himself informed by WiAW bulletins, QST re-
ports, or by communication with ARRL Ilq.
concerning a specific point.

In the adjoining table is a summary of the
U. 8. amateur bands on which operation is per-
mitted as of our press date. Figures arc mega-
cveles. A@ means an unmodulated carrier, Al
means ¢.w. telegraphy, A2 is tone-modulated ¢.w.
telegraphy, A3 is amplitude-modulated phone,
Ad is faesimile, A5 is television, n.f.m. designates
narrow-band frequency- or phase-modulated ra-
diotelephony, f.m. means frequency modulation,
phone (including n.f.m.) or telegraphy, and Il
is frequency-shift keying.

1-AMATEUR RADIO

80 3.500-4.000 Al
meters  3.300-3,.800 I1
3.800-1.000 A3 and n.fun,

7.000-7.300 Al
10 . 7.000-7.200 F1
7.200-7.300 A3 and n.fn,

1£.000-14.350 — Al

200m 11.000-14.200 Il
14.200-14.300 — A3 and n.fan.
14.300-14.350 — F1

21000 21450 — Al

15 m.  21.000-21.250 — 11
21.250- 21450 — A3 and n.fon.,
28.000-29.700 — Al

10 m. 28,500 20.700 — A3 and n.fon.
20.000 29.700 - fan.

S0 54 — Al, A2, A3, A4, nfan,
G . 51-54 Ad
52,5 54 o
2 144-148 — Al A#, AL A2, A3, A4,
m. 220225 f.m.
4204500 } AM AL A2, A3, A4, A5,
1,215-1,300 fon.

2,300~ 2,150
4.500- 3,700
5.650- 5,925 % A#, Al, A2, A3, A4, A5,
10,000- 10,5002 f.in., pulse
21,000 22,000
Allabove 30,000

HInput power must not execeed 50 watta,

2 No pulse permitted in this band.

Nore: The bands 220 through 10.500 Me. are
shared  with the Government Radio Positioning
Serviee, which has priority.

In addition, A1 and A3 on portions of
1.800-2.000, as follows:
Power (watts)
Area Band ke. Day Night
Minn,, lowa, Wis,, Mich., Pa.,  1%00-1825 500 200
Md., Del. and states to north
N.D., 8.D., Nebr., Colo., N. 500° 200*
Mex., and states west, includ-  1975-2000
ing Hawaiian Ids.
Okla., Kans., Mo., Ark,, I,  1800-1825 200 50
Ind,, Ky., Tenn., Ohio, W.
Va., Va, N. C, 8. C, and
Texas (west of 99° W' or north
of 32° \)
No operation elsewhere.

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

Novice licensees may use the following
frequencies, transmitters to be erystal-con-
trolled and have a maximum power input
of 75 watts.
3.700-3.750 Al
7.150-7.200 Al

21.100-21.250 Al
145-147 Al, A2,
A3, f.m.

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

Electrical Laws

and Circuits

@ ELECTRIC AND MAGNETIC
FIELDS

When something oceurs at one point in space
because something else happened at another
point, with no visible means by which the “cause”
an be related to the “effect,” we say the two
events are connected by a field. In radio work, the
fields with which we are concerned are the elec-
tric and magnetic, and the combination of the two
called the electromagnetic ficld.

A field has two important properties, intensity
(magnitade) and direction. The field excrts a
force on an object immersed in it; this force
represents potential (readv-to-he-used) cnergy,
so the potential of the field i a measure of the
field intensity. The direction of the ficld is the
direction i which the object on which the foree
s exerted will tend to move.

An electrically charged object in an electrie
ficld will be acted on by a foree that will tend to
move it in a direction determined by the diree-
tion of the field. Similarly, o magnet in o magnetie
field will be subjecet to a foree. Isveryone has seen
demonstrations of magnetic fields with pocket
magnets, so intensity and direction are not hard
to grasp.

\ “statie” field is one that neither moves nor
changes in intensity. Such a field ean be set up
by a stationarv cleetric charge  (electrostatic
field) or by a stationary magnet (magnetostatic
field). But if either an clectrie or magnetic field is
moving in space or changing in intensity, the
motion or change sets up the other kind of field.
That is, a changing eleetrie field sets up o mag-
netie field, and a changing magnetie field gen-
crates an clectrie ficld. This interrelationship
between magnetic and electrie fields makes pos-
sible such things as the clectromagnet and the
cleetric motor., It also makes possible the electro-
magnetic waves by which radio communication
i carried on, for such waves are simply traveling
ficlds in which the energy is alternately handed
back and forth between the electric and mag-
netie fields.

Lines of Force

Although no one knows what it ix that com-
poses the field itself, it is useful to invent a
picture of it that will help in visualizing the
forees and the way in which they act.

A field can be pictured ax being made up of
lines of force, or flux lines. Thexe are purely
mmaginary threads that <how, by the direetion
in which they lie, the direction the objeet on

which the forcee is exerted will move. The nwmber
of lines in a ehosen cross section of the field is a
measure of the tntensity of the foree. The number
of lines per unit of area (square inch or square
centimeter) is called the flux density.

@ ELECTRICITY AND THE ELECTRIC
CURRENT

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

An ordinary atom consists of o central core
called the nucleus, around which one or more
clectrons circulate somewhat as the carth and
other planets circulate around the sun. The
nucleus has an electrie charge of the kind of
cleetrieity called positive, the amount of its
charge being just exaetly cqual to the sum of the
negative charges on all the clectrons assoeinted
with that nucleus.

The important fact about these two “oppo-
site” kinds of electricity is that they are strongly
attracted to cach other. Also, there is a strong
foree of repulsion between two charges of the
same kind. The positive nucleus and the negative
clectrons are attracted to ecach other, but two
clectrons will be repelled from cach other and so
will two nuclei.

In & normal atom the positive charge on the
nucleus is exactly balanced by the negative
charges on the clectrons. Tlowever, it is possible
for an atom to lose one of its cleetrons, When that
happens the atom has o little less negative charge
than it should — that is, it has a net positive
charge. Such an atom is said to be ionized, and
in this case the atom is a positive ion. If an atom
picks up an extra electron, as it sometimes does,
it has a uet negative charge and is ealled a
negative ion. .\ positive ion will attract any stray
clectron in the vieimity, including the extra one
that may be attached to a nearby negative ion,
In this way it is possible for electrons to travel
from atom to atom. The movement of ions o
clectrons constitutes the electric current.

The amplitude of the curvent (its intensity or
magnitude) is determined by the rate at which
cleetrie charge — an accumulation of clectrons
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2 -ELECTRICAL LAWS AND CIRCUITS

or ions of the same kind — moves past a point in
a cireuit, Since the charge on a single cleetron or
jon 1= extremely small, the number that must
move as a group to form even a tiny current is
almost inconecivably large.

Conductors and Insulators

Atoms of some materials, notably metals and
acids, will give up an cleetron readily, but atoms
of other materials will not part with any of their
clectrons even when the eleetrie foree is extremely
strong. Materials in which cleetrons. or ions can
be moved with relative case are ealled conductors,
while those that refuse to permit such movement
are called nonconductors or insulators. The fol-
lowing list shows how some common materials

divide between the conductor and  insulator
classilieations:
Conduclors Insulators
Metals Dry Air
Carbon Wood
Acids Poreelain
Textiles
Glass
Rubber
Resins

Electromotive Force

The cleetrie foree or potential (ealled electro-
motive force, and abbreviated e.m.f.) that causes
current flow may be developed in several ways,
The action of certain cheniieal solutions on dis-
similar metals sets up an e.muf.; such a combina-
tion is called a celly and a group of cells forms an
electrie battery. 'The amount of current that such
cells ean carry ix limited, and in the course of
current flow one of the metals is eaten away. The
amount of electrieal energy that can be taken
from a battery consequently is rather small.
Where a lwrge amount of energy is needed it is
usttally furnished by an clectric generator, which
develops its e.mf. by a combination of magnetic
and mechanieal means,

In picturing current flow it is natural to think
of a single, constant foree causing the electrons to
move. When this is so, the electrons ahwvays move
in the same dircetion through a path or circuit
made up of conductors comneeted together in a
continuous chain, Such a current is called a
direct current, abbreviated die. It is the type of
current furnished hy batteries and by ecertain
types of generators. However, it is also possible
to have an e.nuf. that periodically reverses. With
this kind of e.m.f. the current flows first in one
direetion through the c¢ireuit and then in the
other. Such an c.mf. is called an alternating
c.mf., and the current is called an alternating
current (abbreviated a.c.). The reversals (alter-
nations) may occur at any rate from a few per
second up to several billion per second. Two re-
versals make a cycle; in one eyele the foree aets
first in one direction, then in the other, and then
returns to the first direction to hegin the next
evele. The number of eveles in one second is
called the frequency of the alternating current.
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Direct and Alternating Currents

The difference between direet ecurrent and
alternating current is shown in Fig. 2-1. In these
graphs the horizontal axis measures time, in-
creasing toward the right away from the vertical
axis. The vertical axis represents the amplitude
or strength of the current, incereasing in cither
the up or down direction away from the hori-
zontal axis. If the graph is «bore the horizontal
axis the current is flowing in one direetion through
the cireuit (indicated by the 4 sign) and if it is
below the horizontal axis the current is flowing
in the reverse direction through the eireuit (indi-
cated by the — sign). I'ig. 2-1.\ shows that, if we
close the circuit — that is, make the path for the
current complete — at the time indieated by X,
the current instantly takes the amplitude indi-
cated by the height -1, After that. the current
continues at the same amplitude as time goes on.
This is an ordinary direet current.

In Fig. 2-1B, the current starts flowing with
the amplitude .1 at time X, continues at that
amplitude until time 1" and then instantly ceases.
After an interval Y7 the current again begins to
flow and the same sort of start-and-stop per-
formance is repeated. This is an inlermaittent direet
current. We could get it by alternately closing
and opening a switch in the circeuit. 1t is a dircet
current beeause the direction of current flow docs
not change; the graph is always on the + side of
the horizontal axis,

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

+
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()51) X Time —>
+
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€ Time ™~
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Fig. 2-1—Three types of current flow. A—direct current;
B—intermittent direct current; C—alternating current,



Frequency and Wavelength

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

Waveforms

The type of alternating current shown in g,
2-1C is known ax a sine wave. The variations in
many a.e. waves are not so smooth, nor is one
half-cyele necessarily just like the preceding one
in shape. However, these complex waves ean he
shown to be the sum of two or more sine waves of
frequencies that are exact integral (whole-num-
ber) maltiples of some lower frequeney. The
lowest frequeney ix called the fundamental fre-
queney, and the higher frequencies (2 times, 33
times the fundamental frequency, and so on) are
called harmonics.

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

Electrical Units

The unit of cleetromotive foree is ealled the
volt. An ordinary flashlight coll generates an
c.f. of about 1.5 volts. The e.m.d. commonly
supplied for domestie lighting and power is 115
volts, usually a.ce. having a frequency of 60 cycles
per second. The voltages used in radio receiving
and transmitting cireuits range from a few volts
(usually a.c.) for filament heating to as high as a
few thousand d.e. volts for the operation of power
tubes.

The flow of electric current is measured in
amperes. One ampere is cquivalent to the move-
ment of many billions of electrons past a point
in the cireuit in one second. Currents in the
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct
currents used in amateur radio equipmer:t usually
are not so large, and it is eustomary to measure
such currents in milliamperes. One milliampere
ix equal to one one-thousandth of an ampere, or
1000 milliamperes equal one ampere,

A “dies ampere” is o measure of a steady cur-
rent, but the “a.c. ampere” must measure a
current that is continually varying in amplitude
and periodically reversing direction. To put the
two on the same basis, an a.c. ampere is defined
as the amount of current that will eause the same
heating effect (see later seetion) as one ampere
of steady direct current. For sine-wave a.c., this
effective (or r.m.s,) value is cqual to the maxi-
mon amplitude (1 or Asin Fig. 2-1C) multiplicd
by 0.707. The instantaneous value is the value

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

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

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

@ FREQUENCY AND
WAVELENGTH

Frequency Spectrum

Frequeneies ranging from about 15 to 15,000
cveles per second are called audio frequencies,
beeause the vibrations of air particles that our
ears recognize as sounds oceur at a similar rate.
Audio frequeneies (abbreviated a.f.) are used to
actuate loudspeakers and thus ereate sound
Waves,

Frequencies above about 15,600 cyveles are
called radio frequencies (r.f.) beeause thev are
useful in radio transmission, Irequencies all the
way up to and beyond 10,000,000,000 cyeles
have been used for radio purposes, At radio fre-
quencies the numbers become so large that it be-
comes convenient to use a larger unit than the
evele. Two such units are the kilocycle, which is
cqual to 1000 cyeles and is abbreviated ke., and
the megacycle, which is equal to 1,000,600 cyeles
or 1000 kiloeyveles and is abbreciated Me,

The various radio frequencies are divided off
into classificatiors for ready identification. These
clagsifieations, listed below, constitute the fre-
quency spectrum so far as it extends for radio
purposes at the present time.
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9 -ELECTRICAL LAWS AND CIRCUITS

Frequency Classificalion Abbreriation

10 to 30 ke. Voery-low frequencics v.Lf.

30 to 300 ke. Low frequencies 11

300 to 3000 ke. Medium frequencics m.f.

3 to 30 Me. High frequencies hf.

30 to 300 Me, Very-high frequencies v.hi
300 to 3000 Me. Ultrahigh frequencics u.h.f,
3000 to 30,000 Me. Superhigh frequencies s.h.f.

Wavelength

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

Suppose an r.f. eurrent has a frequency of
3,000,000 eyeles per second. The fields will
go through complete reversals (one cyele) in
173,000,000 seeond. In that same period of time
the fields — that is, the wave — will move
$300,000,000/3,000,000 meters, or 100 meters.
By the time the wave has moved that distance

the next cvele has begun and a new wave has
started out. The first wave, in other words, covers
a distance of 100 meters hefore the beginning of
the next, and so on, This distance is the wave-
length.

The longer the time of one eyele — that is, the
lower the frequency — the greater the distance
oceupied by each wave and henee the longer the
wavelength. The relationship  between  wave-
length and frequency is shown by the formula

300,000
= %(‘0,_0 )
/
where A = Wavelength in meters
f = Frequeney in kiloeyeles
300
or A= —
/
where A = Wavelength in meters
f = Frequeney in megaeyeles

Example: The wavelenzth corresponding to a
frequency of 3650 kiloeyeles is
300,000
= B = 82.2 meters
3650

Resistance

Civen two conductors of the same size and
shape, but of different materials, the amount of
current that witl flow when a given c.nf. is
applicd will be found to vary with what ix called
the resistance of the material. The lower the re-
sistance, the greater the eurrent for a given value
of e.m.f.

Resistance is measured in ohms. A cireuit has
a resistance of one ohm when an applied e.nf.
of one volt causes a current of one ampere to
flow. I'he resistivity of a material is the resistance,
in ohms, of a cube of the material measuring one
contimeter on each edge. One of the best con-
ductors is copper, and it is frequently convenient,
in muking resistance ealeulations, to compare
the resistanee of the material under consideration
with that of a copper conductor of the same size
and shape. Table 2-1 gives the ratio of the re-
sistivity of various conduetors to that of copper.

The longer the path through which the current
flows the higher the resistance of that conductor.
IFor direet current and low-frequencey alternating

TABLE 2-1
Relative Resistivity of Metals
Resistivity

Material Compared to Copper

Aluminum (pure) ... ... 1.70
Brass. ... 3.57
Cadmium . ... 520
Chromium 182

Copper thard-drawn) . ... .. 112

Copper tanucaled) 1 oo
tron (pure) 300
Lead 13
Nickel .. 6.25 to 8.33
Phosphor Bronze R H
Silver B Ba0a00 0.9
Tin .. ..., et
Zine 351

currents (up to a few thousand cyeles per second)
the resistance is znversely proportional to the
cross-sectional area of the path the current must
travel; that is, given two conductors of the same
material and having the same length, but differ-
ing in cross-sectional area, the one with the
lacger area will have the lower resistance.

Resistance of Wires

The problem of determining the resistance of
a round wire of given diameter and length — or
its opposite, finding a suitable size and length of
wire to supply a desired amount of resistance —
can be easily solved with the help of the copper-
wire table given in a later chapter. This table
gives the resistance, in ohms per thousand feet,
of each standard wire size.
Exmmnple: Suppose a resistunce of 3.5 ohms i3
necded and some No. 28 wire is on hand, The
wire table in Chapter 20 shows that No. 28 has
a resistance of 66.17 olhis per thousand feet.
sinee the desired resistance is 3.5 ohms, the
length of wire required will be

3]

= X 1060 = 32,89 feet,

66,17

Or, suppose that the resistunee of the wire in
the cirenit nmst not execed 0.05 ohm and that
the fength of wire required for making the con-
neetions totals 14 feet. Then

14
X I
1000
where s the masimunm allowable resistance in
ohis per thousand feet. Rearranging the for-
ula gives

0.05 OO0 a
g =B X = 3.57 ohuus 1000 ft.

14
Reference 1o the wire table shows that No. 15is
the stallest <ize having a resistance less than
this value.

0.05 ohim

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



Resistance

Types of resistors used in radio equip-
ment. Those in the foreground with wire
leads are carbon types, ranging in size
from V2 watt at the left to 2 watts at
the right. The larger resistors use re-
sistance wire wound on ceramic tubes; R C4
sizes shown range from 5 watts to 100
watts. Three are of the adjustable type,
having a sliding contact on an exposed
section of the resistance winding.

plied by the ratios given in Table 2-1 to obtain
the resistanec.
Example: If the wire in the first example were

iron instead of copper the length required for
3.5 ohmg would he

3.5

—————— X 1000 = 9,35 feet.
66.17 X 5.65

Temperature Effects

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

Resistors

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

Skin Effect

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

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

Conductance

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

@ ouM's LAW

The simplest form of electric cireuit is a bat-
tery with a resistance connected to its terminals,
as shown by the symbuols in Fig. 2-3. A complete
cirenit must have an unbroken path so current

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

—Batt.

can flow out of the battery, through the apparatus
conneeted to it, and back into the battery. The
circuit is broken, or open, if a connection is re-
moved at any point. A switch is a device for
making and breaking connections and thereby
closing or opening the circuit, either allowing
current to flow or preventing it from flowing.
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TABLE 2-11
Conversion Factors for Fractional and
Multiple Units
To change from To Divide by | Multiply by
Units Micro-units 1,000,000
Milli-units 1000
Kilo-units 1000
Mega-units 1,000,000
Micro-units | Milli-units 1000
L nits 1,000,000,
Milli-units Miero-units 1000
Units 1000
Kilo-units 1000
11v¥)
Mega-units | Units 1,000,000
Kilo-units | | 1000

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

E (volts)

1 (: Tes) =
(amperes) R (ohms)

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

E=1IR
(that is, the voltage acting is equal to the cur-
rent in amperes multiplied by the resistance in
ohms) and

R =

~|=

(or, the resistance of the cireuit is equal to the
applied voltage divided by the eurrent).

Al three forms of the equation are used almost
constantly in radio work. Tt must be remembered
that the quantities are in volls, oluns and amperes;
other units eannot be used in the equations
without first being converted. For example, if the
current is in milliamperes it must be changed to
the equivalent fraction of an ampere before the
vatue ean be substituted in the equations.

Table 2-11 shows how to convert between the
various units in common use. The prefixes at-
tached to the basic-unit name indicate the nature
of the unit. These prefixes are:

micro — one-millionth (abbreviated u)
milli — one-thousandth (abbreviated m)
kilo — one thousand (abbreviated 1)
mega — one million (abbreviated M)
For example, one microvolt is one-millionth of
a volt, and one megohm is 1,000,000 ohms, There
are therefore 1,000,000 microvolts in one volt,
and 0,000001 megohm in one ohm,
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The following examples illustrate the usc of
Ohm's Law:

The current flowing in a resistance of 20,000
ohms is 150 milliamperes. What is the voltage?
Sinece the voltage is to be found, the equation to
use is I = Ij¢. The current must first be con-
verted from milliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1000, Therefore,

E = 13 % 20,000 = 3000 volts *
1000

When « voltage of 150 is applied to a circuit
the earrent is measured at 2.3 amperes, What is
the resistanee of the cirenit? In this case /¢ is the
unhnown, so

==
1 8,
No conversion was necessury beeause the volt-
awre and current were given in voltsand amperes,
How mueh enrrent will flow if 250 volts is ap-
plied to a 5000-0hu resistor? Since { isunknown
E 250
— = 0.05 ampere
R 5000

E 150
‘)) = (0 ohms
<)

Alilliampere nnits would be more convenient for
the current, and 0.05 amp, X 1000 = 50 nil-
Limmperes.,

@ SERIES AND PARALLEL
RESISTANCES
Very few actual eleetric eireuits are as simple
as the illustration in the preceding seetion, Com-

monly, resistanees are found connected in a
Ry
Source SERIES
of EMF
B2
Fig. 2-4 —Resistors
connected in series
and in parallel. ==
ParALLEL

Source
of EMF,

variety of ways. The two fundamental methods
of connceting resistances are shown in Fig, 2-1
In the upper drawing, the current flows from the
source of e.nm.f, (in the direetion shown by the
arrow, let us say) down through the first re-
sistance, 12y, then through the second, R, and
then back to the source. These resistors are con-
neeted in series. The current everywhere in the
circuit has the same value.

In the lower drawing the current flows to the
common connection point at the top of the two
resistors and then divides, one part of it flowing
through R, and the other through 2. At the
lower connection point these two currents again
combine; the total is the same as the current
that flowed into the upper common connection.
In this ease the two resistors are connected in
parallel.



Series and Parallel Resistance

Resistors in Series

When a circuit has a number of resistances
connected in series, the total resistance of the
circuit is the sum of the individual resistances.
If these are numbered R, R, Rj ete., then

R't()t{]l) =R+ ks 4+ Ry + Ry +
where the dots indicate that as many resistors as
necessary may be added.

Example: Suppose that three resistors are
connected to a xource of ean.f, as shown in Fig.
2-5. The eanf. is 250 volts, Jey is 35000 ohios,

2 is 20,000 ohms, and /3 is 8000 ohms. The
total resistance is then

Ro= Ry 4 a4 R = 5000 + 20,000 4+ 8000
= 33.000 ohins
The current flowing in the eirenit is then
_E 250

R 33.000

0.00757 amp, = 7.57 ma.

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

Voltage Drop

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

Example: If the voltage across By (Fig. 2-5)
i called E1, that across K2 s called K2, and that
across fgis called E3, then
Evo= 1 = 000757 X 5000 = 37.9 volts
Ko = The = 0.00757 X 20,000 = 1514 volis
Ey = Iy = 0.00757 X 8000 = 60,6 volts

‘The applied voltage st equal the sum of the
individual voltage drops:
= 4+ Ea 4+ Ex =379 4 1511 4+ 606
249.9 volts

The answer would haye been more nearly exact
if the current had been caleulated to more deei-
mal places, but as explained above a very high
order of ncenraey is not necessary,

In problems such ax thix considerable time and
trouble ean be saved, when the eurrent is small
cnough to be expressed in milliamperes, if the

Fig. 2-5—An example

of resistors in series.

The solution of the cir-

cuit is worked out in the
text.

o053

8000
AAN
RS

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

Resistors in Parallel

In a eircuit with resistances in parallel, the
total resistance is less than that of the lowest
value of resistance present. This is beewase the

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

1

k= 11
+E';+I_€;+..-..

1 + 1
Ity R
where the dots again indicate that any number
of rexiztors can be combined by the same method.
For only two resistances in parallel (a very com-
mon ease) the formula becomes
I IR
? = -
R+ s
Example: If a 500-0hm resistor is paralleled
with one of 1200 ohis, the totul resistance is

ey i 300 X 1200 600,600
v+ B2 500 + 1200 1700

= 333 ohms
It is probably easier to solve practieal prob-
lems by a different method than the “reciprocal
of reciprocals” formula. Suppose the three re-

Fig. 2.6—An example of resistors in parallel. The solution
is worked out in the text.

si~tors of the previous example are connected in
parallel as <hown in Fig. 2-6. The same o.m f.,
250 volts, is applied to all three of the resistors.
The current in cach ean be found from Ohm's
Law as shown below, I, being the ecurrent
through Ry, I, the current through . and I3 the
current throngh R

For convenience, the resistance will be exprossed

in kilohms so the current will be in millianperes,

/2 Ratl

I II{" = .._:_) 50 ma,
I

13 = = 125 ma,
e

1o B 20 s e
Ra

The total cnrrent is
I'=Ih+1l24 13 =50+ 125+ 31.25
93.75 ma.
The total resistanee of the cireuit is therofore
K 250

B eate L
I 43,75

2,66 kilohms (= 2660 olims)

Resistors in Series-Parallel

An actual eireuit may have resistances both in
parallel and in series. To illustrate, we use the
same three resistances again, but now connected
as in Fig. 2-7. The method of solving a cireuit
such as Fig, 2-7 is as follows: Consider Ra
and Rz in parallel as though they formed a
single resistor. Find their equivalent resistance.
Then this resistanee in series with 2y forms a
simple series circuit, as shown at the right in
Fig, 2-7.
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Ry
5000
R Regq.
=—E=250QV. 2 ;E=2"OV. {Equivalent R
LO0D of Rpond Ry

in paratlel)

Fig. 2-7—An example of resistors in series-parallel. The
equivalent circuit is at the right. The solution is worked
out in the text.

Bxample: The first ~tep is to find the equiva-
lent resistance of K2 and Ba. From the fornimla
for two resistanees in parallel.

falt: 20X 8 160
Ra+ Ra 20+ 8 RE
5.71 kilohms
The total resistance in the eirenit is then

I3 R+ R 54 5.71 kilolhs
10.71 kilohs

Bea.

The current is
E 250

I = 23.3 ma.
I’ 10,71
The voltage drops across 1 and I are
[l 1 =1 117 volts

Ko = IRe. 133 volts

with suflicient aecuraey. These total 250 volts,
thus cheeking the calenlutions <o far, beeause
the sum of the voltage drops must equal the
applicd voltage. Sinee 2 appears across hoth K2
and Ra.

E: 133

I2 = e T 6,65 .
I3 = E2 I',"{ 16.6 ma.
Rz N

where Iz = Cnrrent throush Ko

I3 = Cuarrent throush Ky
3.25 me., which checks elosely
3 m., the enrrent through the

“The total is 20
enough with
whole circeuit.

. POWER AND ENERGY

Power — the rate of doing work —is equal
to voltage multiplied by eurrent. The unit of
cleetrieal power, called the watt, ix equal to one
volt multiplied by one ampere. The equation
for power thercfore is

r=EFEl
where I = Power in watts
E = K f. in volts

I = Current in amperes

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

Example: The plate voltage ona transinitting
vacuum tube is 2000 volts and the plate current
is 350 milliamperes. (The current must be
changed to amperes before snbstitution in the
formmla, and =o is 0.35 mnp.) Then

P = EI = 2000 X 035 = 700 watts
By substituting the Ohm’s Law cquivalents

for E and 1, the following formulas are obtained
for power:

E'_‘
P= =

R
P = I*R

These formulas are useful in power calculations
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when the resistance and either the current or
voltage (but not hoth) are known,
Example: Hlow mueh power will be used up
in a 4000-0lnn resistor of the voltage applied to
it is 200 volt=? From the equation
EY20m3
I I

10,000

- 10 watts
1000

[)
Or, suppose @ current of 20 millianperes flows
through a 300-0hm resistor, Then
r K (0.02)2 X 300 = 0.0001 X 300
0012 watt
Note that the current was changed from mil-
lintuperes to mmperes before substitution in the

formula.
Llectrical power in a resistanee is turned
into heat. The greater the power the more

rapidly the heat ix generated. Resistors for radio
work are made in many sizes, the smallest being
rated to “dissipate”™ (or earry safely) about 4
watt. The largest resistors used in amateur equip-
ment will dissipate about 100 watts.

Generalized Definition of Resistance

Llectrienl power is not always turned into heat.
The power used in running a motor, for example,
ix converted to mechanieal motion, The power
supplied to a radio transmitter is largely con-
verted into radio waves. Power applied to a lond-
speaker is changed into sound waves. But in every
case of thix kind the power is completely “used
up” — it cannot be recovered. Also, for proper
operation of the device the power must be sup-
plied at a definite ratio of voltage to current.
Both these features are characteristies of resist-
ance, o it can he said that any deviee that dissi-
pates power hax a definite value of “resistance.’”
This coneept of resistance as something that
absorbs power at a definite voltage, current ratio
is very useful, since it permits substituting a
simple resistance for the load or power-consum-
ing part of the device receiving power, often with
considerable simplifieation of ealeulations. Of
course, every eleetrical deviee has some resistance
of itx own in the more narrow sense, so a part of
the power supplied to it is dissipated in that
resistance and henee appears ax heat even though
the major part of the power may he converted to
another form.

Efficiency

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

>
Ep. = L2
P



Capacitance

where Eff. = Efficiency (as a decimal)
I’y = Power output (watts)
Py = Power input (watts)

Example: If the d.e. input to the tube is 100
watts and the r.f. power output is 60 watts, the
effieieney is

P, 60
Ef. =~ =" _o¢
P 100
Efficiency is usually expressed as a percentage;
that is, it tells what per cent of the input power
will be available as useful output. The efliciency
in the above example is GO per eent.

Energy

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

Electrical work is equal to power muitiplied by
time; the common unit is the watt-hour, which
means that & power of one watt has been used
for one hour. That is,
W=0prr

where " = Energy in watt-hours

I’ = Power in watts

T = Time in howrs

Other energy units are the kilowatt-hour and
the watt-second. These units should be self-
explanatory.

Energy units are seldom used in amateur
praetice, but it is obvious that a small amount
of power used for a long time ean eventually
result in a “power” bill that is just as large ax
though a large amount of power had been
used for a very short time.

Capacitance

Suppose two flat metal plates are pluced elose
to cach other (but not touehing) and are con-
neeted to a battery through a switeh, as shown in
Fig. 2-8. At the instant the switeh is elosed, cloe-
trons will be attracted from the upper plate to the
positive terminal of the battery, and the same
number will be repelled into the lower plate from

Fig.2-8—A
simple ca-
pacitor.

Metal Plates

the negative battery terminal. Enough cleetrons
move into one plate and out of the other to make
the e.muf. between them the same as the et of
the battery.

Il the switeh is opened after the plates have
been charged in this way, the top plate is loft with
a deficieney of eleetrons and the bottom plate
with an exeess, The plates remain charged despite
the fact that the battery no longer is conneeted
However, if a wire is touched between the two
plates (short-circuiting them) the exeess eleetrons
on the bottom plate will ilow through the wire to
the upper plate, thus restoring electrical neatral-
ity. The plates have then been discharged.

The two plates constitute an eleetrical capacitor,
and from the discussion above it should be clear
that a capacitor possesses the property of storing
cleetricity, (‘The energy actually is stored in the
cleetrie field between the plates) It should also
be clear that during the time the eleetrons are
moving — that is, while the capacitor is heing
charged or discharged — u current is Howing in
the circuit even though the circuit is “broken®
by the gap between the capucitor plates, 1ow-
cver, the current flows only during the time of
charge and discharge, and this time is usually
very short. There can be no continuous How of
direet current “through’ a capacitor,

The charge or quantity of cleetrieity that

:an be placed on a capacitor is proportional to
the applied voltage and to the capacitance of the
eapacitor, The larger the plate aren and the
smaller the spacing between the plate the greater
the capacitance. The capacitance also depends
upon the kind of insulating material between the
plates: it is smallest with air insulation, but sub-
stitution of other insulating materials for air may
increase the eapacitance many times. The ratio
of the eapacitance with some material other than
air between the plates, to the capacitance of the
same eapaecitor with air insulation, is ealled the
specific inductive capacity or dielectric constant
of that particular insulating material, The ma-
terial itself is called o dielectric. The diclectric
constants of & number of materials commonly
used as dicleetries in - eapacitors are given in
Table 2-IHL 1 o sheet of photographic glass is
substituted for air hetween the plates of a en-
pacitor, for example, the eapacitance will be
increased 7.5 times,

TABLE 2-111
Dielectric Constants and Breakdown Voltages

Material Dielectric  uncture
Constant  Voltage*
Air 19.8-22.8
Alsimag A 196 2.0
Bakelite (paper-hase) 3. 5 630-750
Bakelite (mica-filled) 475000
Cellulose acetate 300--1000
Fiber 5 150-180
Formica 9 450

-1 -

1R MU 12 & LD Y15 Y —

Glass (window) 200-250
Glass (photographic)
Glass (Pyrex)

Lucite

Mea

Mica (clear India)

9 335
480-500

| {3 O
e W I I I 1 L e N 1 S L1 ey

5 000-1500

=

Myealex i 250
Paper 2.0-2.0 1250
Polyethylene 2.3-2.4 1000
Polystyrene 2.4-2.9  3500-2500
Porcelain 0.2-7.5 40-100
Rubber (hard) 2-3.5 450
Steatite (low Hoss) 4 150-315

Tetlon | 2.6 T00-Y100
Wood (ley oak) 2.5-0.8

* In volts per mil (0,001 inch),
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Unit
The fundamental unit of capacitance is the
farad, but this unit is much too large for prac-
ticul work. Capacitance is usually measured in
microfarads (abbreviated wf.) or micromicro-
farads (uuf.). The microfarad is one-millionth

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

of a farad, and the micromicrofarad ix one-mil-
lionth of a microfarad. Capacitors nearly always
have more than two plates, the alternate plates
heing connected together to form two sets as
shown in Fig. 2-9. This makes it possible to attain
a fuirly large capacitanee in a small space, since
several plates of smaller individual arca can be
stacked to form the equivalent of a single large
plate of the same total arca. Aso, all plates,
exeept the two on the ends, are exposed to plates
of the other group on hoth sides, and so are twice
as effeetive in inereasing the capacitance,
The formula for ealeulating eapacitanee is:

C = 0221 l\—“- (e — 1)
d

where ' = Capacitance in ppuf.

K = Diclectric constant of material be-
tween plates
A = \rea of one side of owe plate in

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

If the plates in one group do not have the same
area as the plates in the other, use the area of
the smaller plates.

The usefulness of w eapacitor i electrical
cireuits lies in the fact that it can be charged
with eleetrienl energy at one time and then dis-
charged at o later time, In other words, it is an
“electrieal reservoir.”
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Capacitors in Radio

The types of eapacitors used in radio work
differ considerably in physical size, construction,
and capacitance. Some representative types are
shown in the photograph. In variable capucitors
(almost always constructed with air for the
diclectrie) one set of plates is madg movable with
respect to the other set so that the capacitance
¢an be varied. Fixed capacitors — that is, assem-
blies having o single, non-adjustable value of
capaeitance —also ean he made  with metal
plates and with air as the dielectrie, but usually
are constructed from plates of metal foil with a
thin solid or liquid diclectrie sandwiched in be-
tween, so that a relatively large capacitance
can be seeured in asmall unit, The solid dielectries
commonly used are mica, paper and special
cernmies. An example of o liquid dielectric is
mineral oil. The electrolytic cupueitor uses alumi-
num-foil plates with a semiliquid conducting
chemieal compound between them: the actual
dieleetrie is a very thin film of insulating ma-
terial that forms on one set of plates through
clectrochemical action when a e, voltage is
applied to the eapacitor. The capacitance ob-
tained with a given plate area in an electrolytic
capaeitor is very large, compared with eapacitors
having other dielectries, because the film is so
extremely thin — much less than any thickness
that is practicable with a solid dielectrie.

Voltage Breakdown

When a high voltage is applied to the plates
of u enpacitor, a considerable foree ix exerted
on the electrons and nuclei of the dielectrie.
Beenuse the dicleetrie is an insulator the elec-
trons do not become detached from atoms the
way they do in conductors. Towever, if the
force is great enough the diclectrie will “break
down”; usually it will puneture and may char
(if it ix solid) and permit current to flow. The
breakdown voltage depends upon the kind and
thickness of the dielectric, as shown in Tuble
9111, It is not directly proportional to the
thickness: that is, doubling the thickness does
not quite double the breakdown voltage. 1f the
diclectrie is air or any other gas, breakdown is

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



Capacitors

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

Nince the dielectric must be thick to with-
stand high voltages, and since the thicker the
dielectric the =maliler the capacitance for a given
plate aren, a high-voltage capacitor must have
more plate area than a low-voltage one of the
same eapacitance. Iligh-voltage high-capacitance
capacitors are physieally large.

@ CAPACITORS IN SERIES AND
PARALLEL

’

The terms “parallel” and “series” when used
with reference to capacitors have the same circuit
meaning as with resistances. When a number of
capacitors are connected in parallel, as in Fig.
2-10, the total capacitance of the group is equal
to the sum of the individual capacitances, so

Cotal) = C1 + Ca+ Ca+Ca 4 cvvvvnnn. .

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

1

C (total) = -
1 + 1 +(]_'+CL+
3 4

¢, ' G

and, for only two eapacitors in series,

C (total) = -2
oG

The same units must be used throughout;
that is, all capacitances must be expressed in
cither uf. or wuf.: both kinds of units cannot be
used in the same equation,

Capacitors are connected in parallel to ob-
tain o larger total eapacitanee than is available
in one unit. The largest voltage that ean be ap-
plied safely to a group of capacitors in parallel
is the voltage that can be applied safely to the
one having the lnwrest voltage rating,

When capacitors are connected in series, the
applied voltage is divided up among them; the
situation is much the same as when resistors
are in series and there is a voltage drop neross
each. However, the voltage that appears ncross
each capaeitor of a group conneeted in series
is in tnrerse proportion to its eapacitance, as

(o2

Source
of E.MF.

1 11
L T 7T

o

Parar L

Fig. 2-10—Capac-

itors in series and
parallel.

l c ]..
Source CI I
0. ENF 2

T_’I‘C’I

SERIES

compared with the capacitance of the whole
group,

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

1
o 1 T
e P &R qp == +
G C2 C3 1 g
= 0.571 uf.
The voltage across each eapacitor is nropor-
tional to the total capacitance divided by the ca-
pacitance of the capacitor in question, so the
voltage across (M =

0571

E X 2000 = 1142 volts

Similarly. the voltages across C2 and Ca are

-
Ey = 9"_’2-7-1~ X 2000 - 571 volts
E3=(i;“ 2000 = 286 volts

totaling approximately 2000 volts, the applied
voltage.

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

E/ ¢ ==ipf
E-2000V. E, Coo=2pf

O—

Fig. 2-11 —An example of capacitors connected in series.
The solution to this arrangement is worked out in the text.
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Inductance

It is possible to show that the flow of current
through a conduetor is accompanied by magnetic
effeets; a compass needle brought near the con-
ductor, for example, will be deflected from its
normal north-xouth position. The current, in
other words, sets nup a magnetic field,

The transfer of energy to the magnetie field
represents work done by the sonree of em.f.
Power is required for doing work, and since power
is equad to current multiplied by voltage, there
must be a voltage drop in the cireuit during the
time in which energy is heing stored in the field.
Thix voltage “drop” (which has nothing to do
with the voltage drop in any resistance in the
eirenit) is the result of an opposing voltage
“induced’ in the cirenit while the field is building
up to its final value. When the field beecomes
constant the induced e.m.f. or back e.m.f. disap-
pears, sinee no further energy is heing stored.

Sinee the induced e.nnf. opposes the el f. of
the source, it tends to prevent the current from
rising rapidly when the civenit is closed. The
amplitade of the induced e.m.t. is proportional
to the rate at which the current is changing and
to u constant associated with the eireuit itself,
called the inductance of the cirenit.

Inductance depends on the physieal char-
acteristies of the conductor. If the conductor
is formed into a coil, for example, its induetance
is inereased. A coil of many turns will have more
induetance than one of few turns, it hoth coils
are otherwise physically similar. Also, if o coil is
placed on an iron core its inductance will be
greater than it was without the magnetie core.

The polarity of an induced eonuf, is always
sueh as to oppose any change in the current in the
cireuit. This means that when the current in the
cireult is inereasing, work is being done against
the induced e.m.l. by storing energy in the mag-
netie field. If the current in the eireuit tends to
deerease, the stored energy of the field returns to
the cireuit, and thus wlds to the energy being

supplicd by the souree of c.m.f. This tends to keep
the current flowing even though the applied
enf. may be decreasing or be removed entirely.

The values of inductanee used in radio equip-
ment vary over a wide range. Inductance of
several henrvs s required in power-supply
¢ireuits (see chapter on Power Supplies) and to
obtain such values of inductanee it is necessary
to use coils of many turns wonnd on iron cores,
In radio-frequency cireuits, the inductanee values
used will be measured in millihenrys (a millihenry
is one one-thousandth of a henry) at low fre-
quencies, and in microhenrys (one one-millionth
of 2 henry) at medium {requencies and higher.
Although eoils for radio frequencies may be
wound on special iron cores (ordinary iron is not
suitable) most r.f. coils made and used by ama-
teurs are of the “air-core” type: that is, wound on
an insulating support consisting of nonmagnetic
material.

Iovery condietor has induetance, even though
the conductor is not formed into a coil. The
inductance of a short length of straight wire
is small, but it may not be negligible beeause
it the eurrent through it changes its intensity
rapidly enough the indueed voltage may be
appreciable, This will be the ease in even a few
inches of wire when an alternating eurrent hoving
a frequeney ol the order of 100 Me. or higher is
flowing. However, at much lower frequencies the
inductance of the saume wire could be left out of
any caleulations beeause the induced voltage
would be negligibly small.

Calculating Inductance
The inductance of air-core coils may be ealeu-
lated from the formula

L (ph) =

0.2
3 4 9h 4+ 10¢
where L. = Inductance in microhenrys
«

b

Average diameter of coil in inches
Length of winding in inches

Inductors for power and radio tre-
quencies. The twa iran-care cails at the
left are ''chokes” faor pawer-supply
filters. The mounted air-care cails ot
the tap center are adjustable inductars
for transmitting tank circuits. The “'pie-
waound”’ cails ot the left and in the fare-
ground are radio-frequency choke
cails. The remaining cails are typical of
inductars used in r.f. tuned circuits, the
larger sizes being used principolly for
transmitters.,



Inductance

¢ = Radial depth of winding in inches
n = Number of turns

The notation is explained in Fig 2-12. The
g b

Fig. 2-12 — Coil dimensions
used in the inductance formula. a

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

Example: Assume a coil having 33 turns of
No 30.l.s.e. wire on a form 1.5 inches in diam-
eter. Consulting the wire table, 35 turns of No.
30 d.s.e. will oceupy 0.5 ineh. Therefore,
a =15 b6 =05 n =35 and

2 5y 35)° N
_ 0.2 )S (1.5)* X (35) = 61.25 ph.

(3 X 1.5) + (9 X 0.5)

To ealeulate the number of turns of a single-
layer coil for a required value of inducetance:

Sa 4 9h

— X
N 0242

Example: Suppose an inductanee of 10 miero-
henrys is reqguired. The form on which the coil is
to be wound has a diameter of one inch and is
long cnough to acconnmodate i coil tength of 113
inches, Then a ) 1.25, and L 10.
Substituting,

N =

N =\/(.¢ X 1)+ X 125 o
0.2 X 12
4.25
A/ 2 10 = vTIZS
0.2
26.6 turns,

A 27-turn coil would be close enough to the re-
quired value of inductance, in praetieal work.
Rinece the coi} will be 1,25 inehes long, the num-
ber of turns per ineh will be 27/1.25 = 216,
Consulting the wire table, we find that No. I8
enatneled wire (or any smaller size) ean be used.
The proper inductance is obtained by winding
the required number of turns on the form and
then adjusting the spueing between the turns to
make a uniformly-spaced coil 1.25 inches long.

Inductance Charts

Most induetance formulas lose aceurney when
applied to small coils (such as are used in
v.h.f. work and in low-pass filters built for reduc-
ing harmonie interference to television) beeause
the conductor thickness is no longer neghigible in
compatison with the size of the coil. Fig., 2-13
shows the measured inductuance of v.h.i. coils,
and may be used as a bhasis for cireuit design.
Two curves are given: curve A is for coils wound
to an inside diameter of 1% inch; curve B is for
coils of 34-inch inside diameter. In both curves
the wire size is No. 12, winding pitch 8 turns to
the inch (14 inch center-to-center turn spacing).
The inductance values given inelude leads 14
inch long,

The charts of Iigs. 2-14 and 2-15 are useful
for rapid determination of the indvctance of
coils of the type commonly used in radio-fre-
queney cireaits in the range 3-30 Me. They are
based on the formula above, and are of sufficient
accuracy for most practical work. Given the coil

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

Example: A coil 1 inch in diameter is 114
inehes long and has 20 turns. Therefore it has
16 turns per inch, and from the table under Fig.
2-15 it is found that the reference inductanee
for a coil of this diameter and nuinber of turns
per inch is 16.8 uh. From curve B in the figure
the multiplying factor is 0.33, so the induetanee
is

16.8 X 0.35 = 5.9 uh.

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

Example: A coil having an inductanee of 12
uh. is required. It is to be wound on a form
having a diameter of 1 inch, the length available
for the winding being not more than 1, inches.
From Fig. 2-15, the multiplying factor for a 1-inch
diameter coil (eurve 58) having the maximum
possible length of 1Y4 inches is .35, H{ence the
nunber of turns per ineh must be chogen for a
reference induetance of at least 12/0.33, or 34 uh.
I'rone the Table under I'ig. 2-13 it is seen that 16
turns per inch (reference inductance 16.8 uh.)
is too small. Using 32 turns per inch, the multi-
plving factor is 12/68, or 0,177, and from curve
I3 this corresponds to a coil length of 34 inch.
‘T'here will be 2% turns in this length, since the
winding “ piteh” is 32 turns per inch.

@ IRON.CORE COILS

Permeability

Suppose that the coil in Ifig. 2-16 is wound on
an iron core having a cross-sectional area of 2
squarce inches. When a certain current is sent
through the coil it is found that there are 80,000
lines of force in the core. Since the area is 2
square inches, the flux density is 40,000 lines per
square inch. Now suppose that the iron core is
removed and the same current is maintained in
the coil, and that the flux density without the
iron core is found to be 50 lines per square inch.
The ratio of the flux density with the given core

£
i
w
9]
z
<
8 o L
2 : NO 12 BARE WIRC
z . 8 TURNS PER INCH
~INSIDE DIA. = 4"
B—INSIOE D1, = §

A 3 —1 It O G S S
== 3 - D D G S N
00— B I T ]
0,06 ? s : } . 4t
005 44+ {——1 1 =
oo t NS EEEEEEEER
5 0 15 20

NO. OF TURNS

Fig. 2-13—Measured inductance of coils wound with
No. 12 bare wire, 8 turns to the inch. The values include
half-inch leads.
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material to the flux density (with the same coil
and same current) with an air core is called the
permeability of the material. In this case the
permenbility of the iron is 40,000/50 = 800.
The inductance of the coil is inereased 800 times
by inserting the iron core since, other things being
equal, the inductance will be proportional to the
magnetic flux through the coil.

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

Iron core coils such as the one sketched in

The permeability of a magnetic material varies O
with the flux density. At low flux densities (or o
with an air core) increasing the current through § ‘
the coil will cause a proportionate increase in flux, X 8—t
but at very high flux densities, increasing the 2 4/
current may cause no appreeiable change in the Yy 6':
flux. When this is so, the iron is said to be satu- g7
rated. Saturation ecauses a rapid decrease in 5 e
permeability, beeause it decrcases the ratio of = at
3
Q 3
1
> o l | 5
o 3 > 2|
= =0 11 q | ||
B Y R R S 0] 11 {1 1
[N | | | 1
- | § ol 4 1 1 I. L 1
O - 0 ! 2 3
Y LENGTH OF COIL IN INCHES
RIS
X 1 Fig. 2-15—Factor to be applied to the inductonce of coils
WS listed in the table below, os o functicn of coil length. Use
3 | curve A for coils marked A, curve B for coils morked B.
4T T
Q
g 3l il Coil diameter, No.of turns | Inductance
27 _] Inches per inch in ph.
> 20 - 1 14 4 0.18
g L1 i (3 6 0.40
S ™ 8 072
10 1.12
1} S [ | a2
x 05 i 5 3 s s 16 2.9
LENGTH OF COIL IN INCHES o 32 12 .
Fig. 2-14—Factor to be applied to the inductance of coils (%) ?i 8;‘:8,
listed in the toble below, for coil lengths up fo 5 inches. : 8 il
- S — 10 1.7
Coll diameler, No. of turns Inductance 16 4.4
Tuches per ineh i ph. 32 18
14 1 275 3% 4 06
6 6.3 ») 6 1.35
8 1.2 8 2.4
10 17.5 10 3.8
16 125 16 D)
R 32 10
1% 1 3.0 - —| -
6 %3 1 4 1.0
N 16 ) 6 23
10 245 lg e
| 16 (184 16 l:"S,
- | — ) IR
134 1 5.2 o N i3
6 1.8 . o -
8 21 Fig. 2-16 are used chicfly in power-supply equip-
:8 8” ment. They usually have direet current flowing
— _ N g through the winding, and the variation in induet-
2 1 6.6 ance with current is usually undesirable. 1t may
g ‘,(;5 be overcome by keeping the flux density below
10 12 )
16 108 pei gip
214 4 .1)0.2 Fig. 2-16—Typical construction
(si ;? of on iron-core inductor. The
10 'm smoll oir gop prevents mog-
- S nefic soturotion of the iron ond
3 4 14 thus mointoins the inductonce ot
G 31.5 high currents.
8 56
10 89
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Inductance

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

Eddy Currents and Hysteresis

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

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

Eddy-current and hysteresis losses in iron
increase rapidly as the frequeney of the alter-
nating current is increased, For this reason, ordi-
nary iron cores can he used only at power and
audio frequencies — up to, say, 15,000 cveles.
Liven so, a very good grade or iron or steel is
necessary if the core is to perform well at the
higher audio frequencies. Iron cores of this
type are completely useless at radio frequencies,

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

. INDUCTANCES IN SERIES AND
PARALLEL

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

Ly T
Fig. 2-17—Induc-
tances in series and  PL2 L Lz Ly
parallel.
Ls

equal to the sum of the individual inductances,
provided the coils are sufliciently separated so that
no cotl is in the magnetic field of another. That is,

Ltotal = Ll + Lo+ L3+ Lo+ ...,

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

1
Ltotal = 1’ ] I EE —
SRS R Rt
and for two inductances in parallel,
I = _vlqln_]
Iy + L»

Thus the rules for combining inductances in
serics and parallel are the same as for resist-
ances, If the coils are far enough apart so that
ach is unaffeeted by another's magnetie ficld.
When thix ix not so the formulas given above
cannot be used.

@ MUTUAL INDUCTANCE

If two ecoils are arranged with their axes on
the same line, as shown in Fig. 218, a eurrent
sent through Coil 1 will cause a magnetic field
which “euts” Coil 2. Consequently, an c.u.f.
will be induced in Coil 2 whenever the field
strength is changing. This induced e.m.f. ix
similar to the e.m f. of self-induetion, but since
it appears in the second coil because of current
flowing in the firs, it is a “mutual” effeet and
results from the mutual inductance hetween
the two coils.

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

The ratio of actual mutual inductance to the
maximum possible value that could theoretically
be obtained with two given coils is called the
coefficient of coupling hetween the coils. It is
frequently expressed as a pereentage. Coils that
have nearly the maximum possible (cocfficient =
I or 100%) mutual inductance are said to bhe
closely, or tightly, coupled, but if the mutual
inductance is relatively small the coils are
said to be loosely coupled. The degree of coupling
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depends upon the physical spacing hetween the
coils and how they are placed with respect to each
other. Maximum coupling exists when they have
4 common axis and are as elose together as possi-
ble (one wound over the other). The coupling is
least when the coils are far apart or are placed so
their axes are at right angles,

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

Time Constant

Capacitance and Resistance

Conneeting a source of canf. to a capacitor
canses the capacitor to beeome charged to the full
c.m.f. practically instantancously, il there is no
resistance in the eireait. However, if the cireuit
contains resistanee, as in Fig. 2-19., the resist-
ance limits the current flow and an appreciable
Jength of time is required for the e.m.f. hetween
the capacitor plates to build up to the same value
as the e.muf. of the source. During this “building-
up” period the current gradually deereases [rom
its initial value, beeanse the inereasing e.m.l.
stored on the capacitor offers inereasing opposi-
tion to the steady e.nf. of the souree.

— o

S R S
+ - R;

== 2

—2 C C
- T

(A) (B)

Fig. 2-19—Illlustrating the time constant of an RC circuit.

Theoretically, the charging process is never
really finished, but eventually the charging cur-
rent drops to a value that is smaller than any-
thing that ean be measured. The time constant of
aieh 2 eirenit is the length of time, in seconds,
required for the voltage across the capacitor to
reach 63 per cont of the applied e, (this figure
is ehosen for mathematieal reasons). The voltage
aeross the eapacitor rises with time as shown by
Fig. 2-20.

The formula for time constant is

T =0
where 7' = Time constant in seconds
(' = Capacitanee in farads
I = Resistance in ohms

If €' is in microfarads and R in megohms, the
time constant also s in seconds. These units
usually are more convenient.
Example: The time constant of a 2-pf. en-
pacitor and o 250,000-0hm 0.25 megohm)
resistor is

T =Ck =2 X025 = 0.5sccond

30

If the applied e.m.f. is 1000 volts, the voltage
between the eapacitor plates will be 630 volts
at the end of 14 second.

If o charged eapacitor is discharged through
a resistor, ax indicated in Fig. 2-191, the same
time constant applies. If there were no resistance,
the eapacitor wounld discharge instantly when
N was closed. However, sinee 2 limits the current
flow the eapacitor voltage eannot instantly go
to zero, but it will deerease just as rapidly as
the eapacitor ean rid itself of its charge through
R. When the eapacitor is diseharging through a
resistance, the time constant (caleulated in the
same way as above) is the time, in seconds, that
it takes for the eapacitor to lose 63 per eent of its
voltage; that is, for the voltage to drop to 37
per cent of its initinl value.

Example: If the capacitor of the example
above is charged to 1000 volts, it will discharge

to 370 volts in 14 second through the 250,000-
ohm resistor.

Su |
H— |
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g
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VOLTAGE ACROSS CONDENSER

Fig. 2-20—How the voltage across o capacitor rises, with
time, when charged through a resistor. The lower curve
shows the way in which the voltage decreases across the
capacitor terminals on discharging through
the same resistor
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Fig. 2-21 —Time constant of an LR circuit.

CURRENT AMPLITUDE
Fe
<

Inductance and Resistance

A comparable situation exists when resist-
ance and inductance are in series, In Fig, 2-21,
first consider 1, to have no resistanee and also
assume that R is zero. Then closing S8 would tend
to xend a eurrent through the circuit. Iowever,
the instantaneous transition from no ecurrent
to a finite value, however small, represents a very
rapid change in current, and a back con f. i
developed by the self-inductance of L that is
practically equal and opposite to the applied
e.nnf. The result is that the initial current is very
small.

The back e.mif. depends upon the change
in current and would cease to offer opposition
il the current did nat continue to increase. With
no resistance in the circuit (which wonld Joad
to an infinitely large current, by Ohm's Law
the current would increase forever, always
growing just fast enough to keep the eanf.
of sel-induetion equal to the applied e.m.f.

When resistance is in series, Ohm's Law sets
a limit to the value that the current ean reach.
The back e.mu . generated in L has only to cqual
the difference between £ and the drop across R,
heeause that difference is the voltage actually
applied to L. This difference hecomes smaller s
the current approaches the final Ohm's Law
value. Theoretically, the back e.nnf. never quite
disappears and =o the current never quite reaches
the Ohm's Law value, but practieally the diffor-
ence becomes unmeasurable after a time. The
time constant of an inductive cireuit is the time

100 ,

70 AN
x50 ;
340 N

Q10 t
= [ \\
7 i
s l
05 1 15 2 25 3
c

Fig. 2-22—Voltage across capacitor terminals in a dis-

charging CR circuit, in terms of the initial charged voltage.

To obtain time in seconds, multiply the factor t CR by the
time constant of the circuit.

in seconds required for the eurrent to reach 63 por
cent of its final value. The formula is
b
I
where 7' = Time constant in seconds
L = Inductance in henrys
I = Resistance in ohms

=

I

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

Example: A coil having an inductanee of 20
henrys and a resistance of 100 ohms has a tine
constant of
L _ 20
R 100
if there is no othier resistance in the cireuit. If a
d.e. e.nd. of 10 volts is applied to such a coil,
the finul current, by Olun's Law, is

E 10

TR0
The eurrent would rise from zero to 63 milliam-
veres in 0.2 seeond after closing the switeh,

T =

0.2 second

= 0.1 amp. or 100 ma.

An inductor cannot be “discharged” in the
sime way as a capacitor, heeause the magnetie
field disappears as soon as current flow conses.
Opening N does not leave the inductor “charged.”
The energy stored in the magnetie field instantly
retarns to the eireuit when & is opened. The
rapid disappearance of the field causes a very
large voltage to be indneed in the coil — ordi-
narily  many times larger than the voltage
applied, heeause the indueed voltage is pro-
portional to the speed with which the field
changes. The common result of opening the
switeh in a eireuit such as the one shown is that
aspark or are forms at the switeh contacts at the
instant of opening, 1f the inductance is large and
the current in the cireuit is high, a great deal of
energy i released in a very short period of time.
It is not at all unusual for the switeh contacts to
burn or melt under such circumstances.

Time constants play an important part in
numerous devices, such as electronie keys, timing
and control cireuits, and shaping of keving charac-
teristies by vacuum tubes. The time constants of
cirenits are also important in such applications
as automatie gain contral and noise limiters. In
nearly all such applications a eapacitance-res
ance (CR) time constant is involved, and it is
usually necessary to know the voltage across
the eapacitor at some time interval Luger or
smaller than the actual time eonstant of the eir-
cuit as given by the formula above. Fig, 2-22
e be used for the solution of sueh problems,
since the curve gives the voltage across the ea-
pacitor, in terms of percentage of the initial
charge, for percentages between § and 100, at
auy time after discharge hegins,

Example: A 0.01-4f. capacitor is churged to
150 volts and then allowed to discharge through
W O.l-megohm resistor. How long will it take
the voltage to fall to 10 volis? In pereentage,
107150 = 6.7, From the chart, the factor
corresponding to 6,79 is 2.7. 'T'he time constant
of the eireuit is cqual to CR = 0.01 X 0.1 =
0.001. The time is therefore 2.7 X 0.001 =
0.0027 second, or 2.7 milliseconds.
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Alternating Currents

@ PHASE

The term phase essentinlly means “time,” or
the time interval between the instant when one
thing occurs and the instant when a seeond re-
fated thing takes place. The later event is said to
lag the carlier, while the one that oceurs first is
cid to lead. In a.c. cirenits the current amplitude
changes continuously, so the concept of phase or
time becomes important. Phase ean be measured
in the ordinary time units, such as the second, Tt
there is & more convenient method: Since cach
a.c. eyele oceupies exaetly the same amount of
time as every other eyele of the same frequencey,
we can use the eyele itself as the time unit. Using
the evele as the time unit makes the specification
or measurement of phase independent of the fre-
queney of the current, so long as only one fre-
queney is under consideration at a time., When
two or more frequencies are to be considered, as
in the ease where harmonics are present, the
phase measurements are mide with respeet to the
Jowest, or fundamental, frequeney.

The time interval or “phase difference” under
consideration usually will be less than one eyele,
Phase difference could he measured in decimal
parts of a eyele, but it ix more convenient to di-
vide the evele into 360 parts or degrees. A phase
degree is therefore 1/360 of a evele. The reaszon for
this choice ix that with sine-wave alternating
current the valie of the current at any instant is
proportional to the xine of the angle that corre-
sponds to the number of degrees that i<, length
of time — from the instant the eyele began.
There ix no actual “angle” associated with an
alternating current. Fig. 2-23 should help make
this method of measurement clear.

. r—-—— ——ICy:Ie——]
I
' TimeJ - 180" 270°
I2Cyu:|e

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

The phase difference between two currents of
the same frequeney is the time or angle difference
hetween corresponding parts of eyveles of the two
currents. ‘This is shown in Fig, 2-24, The current
Jabeled A leads the one marked 3 by 45 degrees,
since A's eveles hegin 45 degrees enrlier in time.
It is equally correct to say that B lags A by 45
degrees.
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Fig. 2-24—When two waves of the same frequency start

their cycles at slightly different times, the time difference

or phase difference is measured in degrees. In this drawing

wave B starts 45 degrees (one-eighth cycle) later than
wave A, and so lags 45 degrees behind A.

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

In the lower drawing A and I3 are 180 degrees
out of phase, In this case it does not matter
which one is considered to lead or lng. Bis always
positive while .1 is negative, and vice versa.
The two waves are thus enm pletely out of phase.

The waves snown in Figs, 2-2 1 and 2-25 conld
represent current, voltage, or both, A and B
might be two eurrents in separate cireuits, or A
might represent voltage and B current in the
same cirenit. If A4 and B represent two currents
in the same cireuit (or two voltages in the same
cirenit) the total or resultant current (or voltage)
also is a sine wave, heeause adding any number
of sine waves of the same frequency always gives
a sine wave also of the same frequeney,

Phase in Resistive Circuits

When an alternating voltage is applicd to a
resistance, the current flows exactly in step with
the voltage. In other words, the voltage and eur-
yent are in phase. Thix i true at any frequency
it the resistance is “pure” — that is, is free from
the reactive effeets discussed in the next seetion.
Practically, it is often diffienlt to obtain a purely

Amplitude
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Fig. 2-25—Two important special cases of phase differ-

ence. In the upper drawing, the phase difference between

A and B is 90 degrees; in the lower drawing the phase
difference is 180 degrees.



Alternating Currents

resistive cireuit at radio frequencies, because the
reactive effects hecome more pronouneed as the
frequency is increased.

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

@ REACTANCE

Alternating Current in Capacitance

[n g 2-26 o sine-wave ne, voltage having o
maximum value of 100 volts is applied to a ca-
paeitor, T the period 0.1, the applied veltage in-
crenses from zero to 38 volts; at the end of this
period the eapacitor is charged to that voltage. In
interval 1B the voltage inereases to 71 volts; that
15, 33 volts additional, In this interval a smaller
quantity of charge has been added than in 0.1,
heeanse the voltuge rise during interval AR is
smadler, Consequently the average current during
A8 is smaller than during (4.1, In the third inter-
val, B, the voltage rises from 71 to 92 volts, an
increase of 21 volts, "Hhis is less than the voltage
inerease duting A5, so the quantity of electrieity
aulded s less; in other words, the average current
during interval B is still smaller, In the fourth
interval, €'D, the voltage increascs only 8 volts;
the charge added is smaller than in any preceding
interval and therefore the current also is smaller.

By dividing the first quarter eyele into a very
large number of intervals it could be shown that
the current charging the capacitor has the shape
of a sine wave, just as the applied voltage docs.
The current is largest at the beginning of the
cvele and becomes zero at the maximum value
ol the voltage, so there is a phase difference of 90
degrees hetween the voltage and current, During
the first quarter eyele the current is flowing in the

\ Current ”~
v \
\
to— \
3|
c
EIAC 30
3
<

Fig. 2-26—Voltage and current phase relationships when
an alternating voltage is applied to a capacitor.

normal direetion through the cireuit, sinee the en-
pacitor is being charged, Henee the current is
positive, as indicated by the dashed line in Fig,
2-26.

In the second quarter eyvele — that is, in the
time from 1) to I, the valtage applied to the
capacitor decreases. During this time the capaci-
tor loses its charge. Applying the same reasoning,
it is plain that the current is small in interval D
and continues to inerease during each suceeeding
interval. However, the eurrent is Howing agaznst
the applied voltage because the capacitor is
discharging into the circuit. Henee the current is

negative during this quarter eyele.

The third and fourth quarter cycles repeat
the events of the first and sceond, respectively,
with this difference — the polarity of the applied
voltage has reversed. and the current chaniges
to correspond. In other words, an alternateng
current flows in the ecireuit beeause of the alter-
nate charging and discharging of the eapacitance,
As shown by Fig. 2-26, the current starts its ev e
90 degrees before the voltage, so the current in a
capacitor leads the applied voltage by 90 degroes,

Capacitive Reactance

The quantity of clectric charge that ean be
placed on a eapacitor is proportional to the ap-
plicd e.mf. and the eapacitance, This amount of
charge moves back and forth in the cirenit onee
cach exele, and so the rate of movement of charge
— that is, the eurrent — is proportional to voli-
age, eapacitance and frequeney, [f the effeets of
eapacitance and frequency are lumped together,
they form a quantity that plays a part similar (o
that of resistance in Ohm's Law. This quantity
is ealled reactance, and the unit for it is the ohm,
Just as in the ease of resistance, The formula for
it is

where X¢ = Capacitive reactanee in ohms
S = PFrequency in cyeles per second
C = Capacitance in farads
= 3.14

Although the unit of reactance is the ohm,
there is no power dissipation in reactance, The
energy stored in the capacitor in one quarter of
the evele is simply returned to the cireuit in the
next,

The fundamental units (exveles per second,
farads) are too large for practical use in radio
circuits. However, if the capacitance is in miero-
farads and the frequeney is in megacyeles, the
reactance will come out in ohms in the formula,

Example: The reactance of a capacitor of 170
puf, (0.00047 uf) at a frequency of 7150 ke.
(7.15 Me.) is
B 1 1

i TRV —— =d47.4 ol
24/C T 628 X 7.15 X O.00047 14 ohms

Inductive Reactance

When an alternating voltage is applied to a
pure inductance (one with no resistance — all
praclical inductors have resistance) the eurrent is
again 90 degrees out of phase with the applied
voltage. However, in this case the current lags
90 degrees hehind the voltage — the opposite ol
the capacitor current-voltage relationship,

The primary cause for this is the haek comnf.
generated in the inductance, and since the ampli-
tude of the back e.m.f. is proportional to the rate
at which the current changes, and this in turn is
proportional to the frequency, the amplitude of
the current is inversely proportional to the ap-
plied frequency. Also, since the back e.m.f. is
proportional to inductance for a given rate of cur-
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rent change, the current flow is inversely propor-
tional to inductance for a given applied voltage
and frequency. (Another way of saying this is
that just enough current flows 1o generate an in-
duced e.mut. that equals and apposes the applied
voltage,

The combined eoffect of induetanee and fre-
queney is ealled inductive reactance, also ex-
pressed in ohms, and the formala for it is
= 2xfl,
where N = Induetive reactanee in ohms

S I'requeney in eveles per second
L. = Inductance in henrys
= 3.4

Fxample: The reactance of a coil having an
inductanee of 8 henrys, at a frequency of 120
eyclis, s

N1 o= 2rfl = 6,28 X 120 X 8 = 6029 ohms

-— O — 4

AMPLITUDE
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va/taye

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

In radio-frequency  eireuits  the inductanee
alues usually are small and the frequencies are
large, If the inductance is expressed in milli-
henrvs and the frequeney in Kiloeyeles, the con-
versioh factors for the two units caneel, and the
formula for reactanee may be used without first
converting to fundamental units. Similarly, no
conversion is necessary il the inductance is in
microhenrys and the frequeney is in megaeycles,

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

XN = 2rfL =628 X 14 X 15 = 1319 ohms
The resistance of the wire of which the coil is
wound hias no effeet on the reactance, but simply
aets as though it were a separate resistor con-
neeted in series with the coil.
Ohm’s Law for Reactance

Ohm’s Law for an a.e. eireuit containing ounly
reactance is

-
A
E =X
ol
/

where E = 1.muf. in volts
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Current in amperes
feactanee in ohms

The reactance cither inductive or

capacitive,

may  he

Fxample: If a current of 2 amperes ix flowing
through the capacitor of the previous exaraple
(reactance = 17,1 ohms) at 7150 ke., the volt-
age drop arcross the capacitor s

E =1IXN =2 X 174 =918 volts

If 100 volts at 120 eyeles 1= applicd to the 8-
henry inductor of the previous example, the
current through the coil will he

I 400
SE = = (.0663 amp, (66.3 ma.)
X 602w

Reactance Chart

The accompanying chart, Fig. 2-28, shows the
reactance of eapacitances from 1 oppf. to 10O uf.,
and the reactance of inductances from 0.1 gh. to
10 henrys, for frequencies between 100 eveles
and 100 megacyeles per second, The approximate
value of reactanee can be read from the chart or,
where more exaet values are needed, the chart
will serve as o cheek on the order of magnitude of
reactances ealeulated from the formulas given
above, and thus avoid “deecinl-point errors™,

Reactances in Series and Parallel
When reactances of the same kind are con-
nected in series or parallel the resultant reactance
is that of the resultant inductance or capacitance.
This leads to the same rules that are used when
determining the resultant resistance when resis-
tors are combined. That is, for sceries reactances

of the same kind the resultant reactanee is

N =N+ N\ 4+ 4+ 0,
and for reactances of the same kind in parallel
the resultant is

N =
| | 1 1
AV + A + AW + AW
or for two in parallel,
AYAWY
AT A

The situation is different when reactances of
opposite kinds are combined. Sinee the current in
a capacitance leads the applied voltage by 90
degrees and the eurrent in an inductance lags the
applied voltage by 90 degrees, the voltages at the
terminals of opposite types of reactance are 180
degrees ont of phase in a series eireuit (in which
the enrrent has to be the same through all ele-
ments), and the enrrents in reactanees of opposite
types are 180 degrees out of phase in a parallel
cirenit (in which the same voltage is applied o
all elements). The 180-degree phase relationship
means that the currents or voltages are of oppo-
site polarity, so in the series cireuit of Iy, 2-29\
the voltage Ky, across the induetive reactance X'y,
is of opposite polarity to the voltage F¢ across
the capacitive reactance N, Thus if we eall Xy,
positive™ and Ve rtnegative™ (@ common con-
vention) the applied voltage Fae s Ky, —E¢. In

Y




Reactance

100,000 e Sl
70,000 —— N+

30,000 ;
| | &
20,000 X O¥

|
10,000 > —

7,000 /£

5,000

IN OHMS

REACTANCE

o
o
8
CYCLES J.A KILOCYCLES < MEGACYCLES lllL
FREEEREY NTERPOLATIO|
[} L ION
107543 2 ] SCALE
FOR L& C

Fig. 2-28—Inductive and capacitive reactance vs. frequency. Heavy lines represent multiples of 10, intermediate light
lines multiples of 5; e.g., the light line between 10 ph. and 100 uh. represents 50 ph., the light line between 0.1 uf. and

1 uf. represents 0.5 uf., etc. Intermediate values can be e

stimated with the help of the interpolation scale shown.

Reactances outside the range of the chart may be found by applying appropiate factors to values within the chart

range. For example,

the reactance of 10 henrys at 60 cycles can be found by taking the reactance of 10 henrys at

600 cycles and dividing by 10 for the 10-times decrease in frequency.

the parallel cireuit at B the total current, I is
ce the nts are 180 de-

...:Z.. {
e of Xy, and X¢ is
XN =1\, - X¢

and in the parallel case

N =

refore, the resultant
e

EASAYE
N — N
it the tot:

Note that in the series ¢ir

negative if X

‘ ... i
I positive (induetive) if Xp, is sm
than X¢, but in every case is always larger than

the larger of the two individual reactances,
» where X'y, = X¢ the total
ies cireuit and infinitely

Reactive Power
In Fig. 2-29A the voltage rop across the -
duetor is larger than the voltage applied to the
ircuit. This might seem to be an impossible
not; the explanation is that

Fig. 2-29—Series and parallel circuits containing opposite
kinds of reactance.
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magnetic field, energy is being returned to the
cireuit from the capacitor’s eleetrie field, and
vice versa, This stored energy is responsible for
the fact that the voltages across reactances in
series can be larger than the voltage applied to
them.

In o resistance the flow of current causes heat-
ing and a power loss equal to I’R. The power in a
reactance is equal to I°X, but is not a “loss”;
it is simply power that is transferred back and
forth between the field and the cireuit but not
usedd up in heating anything. To distinguish this
“pondissipated” power from the power which is
actually consumed, the unit of reactive power is
ealled the volt-ampere-reactive, or var, insteawd
of the watt. Reactive power is sometimes ealled
Cwittless” power,

@ IMPEDANCE

When o eireuit contains hoth resistance and
resctance the combined effect of the two is ealled
impedance, symbolized by the letter Z. (Tmiped-
ance is thus o more general term than either
resistanee or reactance, and is (requently used
even for circuits that have only resistance or
renctance, although usually with a qualification
— sueh as “resistive impedanee” to indieate that
the eirenit has only resistance, for example.)

The reactance and resistance comprising an
impedance may e conneeted either in SCries or
in parallel, as shown in Fig. 2-30. In these cireuits
the renctance is shown as a box to indicate that
it may be cither induetive or capacitive, In the
series eireuit the current is the same in both cle-
ments, with (generally) different voltages appeir-
ing aeross the resistance and reactance, In the
prrallel eireuit the same voltage is applied to both
clements, but different currents flow in the two
branches.

(a1 ) ®

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

Since in w resistance the current is in phase
with the applied voltage while in a reactance it is
90 degrees out ol phase with the voltage, the
phase relationship between current and voltage
in the eircuit as & whole may be anything between
zero and 90 degrees, depending on the relative
amounts of resistance and reactance.

Series Circuits

When resistance and reactance are in serics,

the impedance of the circuit is
Z = VR4 X?

where Z = impedance in ohms

I} = resistance in ohms

X = reactanee in ohms.
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The reactance may be ecither capacitive or in-
duetive. If there are two or more reactanees in
the circuit they may be combined into a resultant
by the rules previously given. before suhstitution
into the formula above: similarly for resistances.

The “square root of the sum of the squares”’
rule for finding impedanee in a series circuit arises
from the fact that the voltage drops across the
resistance and reactance are 90 degrees out of
phase, and so combine by the same rule that
applies in finding the hypothenuse of a right-
angled triangle when the base and altitude are
known.

Parallel Circuits

With resistance and reactanee in parallel, as in
Fig. 2-3013, the impedance is

kX

VR 4+ X?
where the symbols have the same meaning as for
series cireuits,

Just as in the case of series circuits, a wober
of reactances in parallel should be combined to
find the resnftant reactance before substitution
into the formula above: similarly for a number
of resistances in parallel,

7,
4

Equivalent Series and
Parallel Circuits

The two circuits shown in Fig. 2-30 are equiva-
lent if the same current flows when a given volt-
age of the same frequency is applicd, and il the
phase angle between voltage and current is the
same in both cases. 1t is in fact possible to trans-
form” any given series cireuit into an equivalent
paratlel ¢irenit, and viee versa.

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

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

E
=3
E=1Z

E
Z ==
I

where E = E.m.f. in volts

I = Current in amperes
Z = lmpedance in ohms
Fig. 2-31 shews a simple cireuit consisting of

a resistance of 75 oluus and a reactance of 100
ohms in series. From the formula previously
given, the impedance is



Impedance

Z =R+ X2 = V75 + (1002 = 125

ohms,
If the applied voltage is 230 volts, then
E 250
== =

7 1
This current flows through both the resistance
and reactancz, so the voltage drops are

Eg = IR =2 X735 = 130 velts

Ex, IXL =2 X 100 = 200 volis
The simple arithmetical sum of these two drops,
350 volrs, 1= greater than the applied voltage be-
cause the two voltages are 90 degrees out of
phase. Their actual resultant, when phase is
taken into account, 15 V(150)2 + (200)2 = 250
volts,

N
= 2 amperes,
25

Power Factor

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

P =PR = (2 X 75 = 300 watts

The ratio of the power consumed to the apparent
power is called the power factor of the cireuit,
and in this example the power factor would he
300/500 = 0.6. Power factor is frequently ox-
pressed as a percentage; in this case, it would be
G0 per cent,

R*75 ohms

X =100 ohms

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

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

resistive circuit is 100 per eent or 1, while the
power factor of a pure reactance is zero, In this
illustration, the reactive power is
VA (volt-amperes) = 12X = (2)? X 100

= 400 volt-amperes.

Reactance and Complex Waves

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

Just what happens to the current wave shape
depends upon the values of resistance and react-
ance involved and how the cireuit is arranged.
In a simple cireuit with resistance and inductive
reactance in series, the amplitudes of the har-
monie cwrrents will be reduced beeause the in-
ductive reactance inereases in proportion to fro-
queney. When eapacitance and resistance are in
series, the harmonic current is likely to be acee
centuated hecause the eapacitive renctance bo-
comes lower as the frequeney is raised. When both
inductive and capacitive reactance are present
the shape of the current wave ean be altored in o
varicty of ways, depending upon the eirenit and
the “constants,” or the relative values of 1L, €,
and R, seleeted.

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

Transformers

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

The usefulness of the transformer lies in the
fact that eleetrieal energy can be transferred
from one cireuit to another without direet eon-
nection, and in the process can be readily ehanged
from one voltage level to another. Thus, if a de-
vice to be operated requires, for example, 115
volts a.c. and only a 440-volt source is available, a
transformer can be used to change the source
voltage to that required. .\ transformer can be
used only with a.c., since no voltage will be in-

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

@ THE IRON-CORE TRANSFORMER

As shown in Fig. 2-32, the primary and second-
ary coils of a transformer may be wound on a core
of magnetie material. This increases the induct-
ance of the coils so that a relatively small number
of turns may be used to induce a given value of
voltage with a small current. A closed core (one
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IRON CORE

b

E
3

Fig. 2-32—The transformer. Power is transferred from

the primary coil to the secondary by means of the mag-

netic field. The upper symbol at right indicates an iron-core
transformer, the lower one an air-core transformer.
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having a continuous magnetic path) such as that
shown in Fig. 2-32 also tends to insure that prac-
tically all of the field set up by the current in the
primary coil will cut the turns of the secondary
coil. However, the core introduces a power loss
heeause of hysteresis and eddy currents so this
type of construction is practicable only at power
and audio frequencies. The discussion in this sec-
tion is confined to transformers operating at such
frequencies.
Voltage and Turns Ratio

For a given varying magnetic ficld, the voltage
induced in a coil in the field will be proportional
to the number of turns in the coil. If the two
coils of a transformer are in the same field (which
i the ease when both are wound on the same
closed core) it follows that the induced voltages
will be proportional to the number of turns in
wieh coil. In the primary the induced voltage is
practically cqual to, and opposes, the applied
voltage, as deseribed earlier. Hence,

E.="E,

np

where E, = Sccondary voltage
E, = Primary applied voltage
2. = Number of turns on secondary
np = Number of turns on primary

The ratio n,/n, is called the secondary-to-primary
turns ratio of the transformer.

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

!
Ee="FE, = 2800 o 115 =7 X 115
np 400
= 805 volts

Also. if an eanf. of 805 volts is applied to the
2800-turn winding (whieh then becomes the
primary) the output voltage from the 400-turn
winding will be 115 volts.

Either winding of a transformer can be used
as the primary, providing the winding has
enough turns (enough induetance) to induce a
voltage equal to the applied voltage without
requiring an excessive current flow.

Effect of Secondary Current

The current that Alows in the primary when no
current is taken from the secondary is called the
magnetizing current of the transformer. In any
properly-designed transformer the primary in-
ductance will be so large that the magnetizing
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current will be quite small. The power consumed
by the transformer when the sceondary is “open”
— that is, not delivering power —is only the
amount hecessary to supply the losses in the iron
core and in the resistance of the wire with which
the primary is wound.

When power is taken from the secondary wind-
ing, the sccondary current sets up a magnetic
field that opposes the field set up by the primary
current. But if the induced voltage in the primary
is to equal the applicd voltage, the original field
must be maintained. Consequently, the primary
must draw enough additional current to set up a
field exactly equal and opposite to the field set up
by the sccondary current.

In practical caleulations on transfor mers it may
be assumed that the entire primary current is
-aused by the secondary “load.” This is justifiable
heeause the magnetizing current should be very
small in comparison with the primary “load”
current at rated power output.

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

Ns
I,=—1s
np
where /, = Primary current
I. = Secondary current
np = Number of turns on primary
2. = Nunmher of turns on sceondary
Example: Suppose that the secondary of the
transformer in the previous example is deliver-
ing a current of 0.2 ampere to a load. Then the
primary current will be
na, _ 2800

o 100
Although the secomdary voltage is higher than
the primary voltage, the secondary current is
lower than the primary current, and by the same
ratio.

Io = X 0.2 =7 X 0.2 = L.4amp.

Power Relationships; Efficiency

A transformer cannot create power; it can only
transfor ib and change the e.m.f. Henee, the power
taken from the sccondary eannot exeeed that
taken by the primary from the source of applied
e f. There is always some power loss in the
resistance of the eoils and in the iron core, s0 in all
practical cases the power taken from the source
will exceed that taken from the secondary. Thus,

Po = nPi

where I’ = Power output from secondary
P’; = Power input to primary
n I'flicieney factor

The efficicney, n, always is less than 1, It is usu-
ally expressed as a pereentage; if n is 0.65, for
instance, the efficiency is 65 per cent.
Example: A transformer has an cfficiency of
851, at its full-load output of 150 watts. The
power input to the primary at full secondary
load will be

= 170.5 watts




Transformers

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

The full-load efficiency of small power trans-
formers such as are used in radio receivers and
transmitters usually lies between about 60 per
cent and 90 per cent, depending upon the size and
design.

Leakage Reactance

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

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

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

Current flowing through the leakage reactance
causes a voltage drop. This voltage drop inereases
with inereasing eurrent, henee it increases as more
power is taken from the secondary. Thus, the
greater the secondary current, the smaller the
secondary terminal voltage becomes. The resist-
ances of the transformer windings also cause
voltage drops when current is flowing: although
these voltage drops are not in phase with those
aused by leakage reactance, together they result
in a lower sccondary voltage under load than is
indicated by the turns ratio of the transformer.

At power frequencies (60 eyeles) the voltage at
the secondary, with a reasonably well-designed
transformer, should not drop more than about 10

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

Impedance Ratio

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

Z,=Z,N?
where Z), = Impedance looking into primary ter-
minals from source of power
Zs = Impedance of load connected to
secondary
Turns ratio, primary to secondary

N

That is, a load of any given impedance con-
nected to the secondary of the transformer will be
transformed to a different value “looking into”
the primary from the souree of power. The im-
pedance transformation is proportional to the
square of the primary-to-secondary turns ratio.

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

Zp = Z,N? = 3000 X (0.6)2 = 3000 X 0.36
= 1080 ohms

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

The above relationship may be used in prac-
tical work even though it is based on an “ideal”
transformer. Aside from the normal design re-
quirements of reasonably low internal losses and
low leakage reactance, the only requirenient is
that the primary have enough inductance to
operate with low magnetizing current at the
voltage applied to the primary,

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

Impedance Matching

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

Nz,
where N = Required  turns ratio, primary to
secondary
7, = Primary impedance required
Z, = Impedance of load eonneeted to sec-
ondary

1

Example: & vacuum-tube a.f. amplifier re-
quires a load of 5000 ohws for optimum per-
formanee, and is to be conneeted to a loud-
speaker having an impedance of 10 ohms. The
furns ratio, prin ary to secondary. required in
the eoupling transformer is

vV = Zy _ ¢ 19000
\z \ o
T'he primary therefore ninst have 22,4 times as
tiny turns as the scecondary.

= 4/500 = 224

Impedanee matehing means, in general, ad-
justing the load impedance — by nieans of a
transformer or otherwise — to a desired value.
However, there is also another meaning. It is
possible to show that any source of power will
deliver its maximum possible output when the
impedanee of the load is equal to the internal
impedance of the source. The impedance of the
souree is said to be “matehed” under this con-
dition. The cfficieney is only 50 per cent in such
a ease: just as mueh power is used up in the source
ax ix defivered to the load. Beeause of the poor
eflicieney, this type of impedance matehing is
limited to eases where only a small amount of
power is available and heating from power loss
in the source ix not important.

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

CORE TVPE ~

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

A short path also helps to reduce flux leakage and
therefore minimizes leakage reactance.

Two core shapes are in common use, as shown
in Fig. 231 lu the shell type both windings are
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placed on the iner leg, while in the core type
the primary and secondary windings may be
placed on separate legs, if desired. This is some-
times done when it is necessary to minimize
capacitive effeets hetween the primary and see-
ondary, or when one of the windings must op-
erate at very high voltage.

Core material for small transformers is usually
silicon steel, ealled “transformer iron.” The core
is built up of laminations, insulated from cach
other (by a thin conting of sheilae, for example)
to prevent the flow of eddy currents. The lami-
nations are interleaved at the ends to make the
magnetie path ax continnous as possible and thus
reduee flux leakage,

The number of turns required in the primary
for a given applied et is determined by the
size, shape and type of core material used, and
the frequeney. The number of turns required 1s
inversely proportional to the eross-seet ional arca
of the core. As a rough indication, windings of
stall power transformers frequently have about
six to ecight turns per volt on a core of l-square-
ineh eross seetion and have a magnetie path 10
or 12 inches in length. A longer path or smaller
eross section requires more turns per volt, and
viee versa.

In most transformers the eoi's are wound in
lavers, with a thin sheet of treated-paper insula-
tion between eaeh laver. Thicker insulation is
used hetween coils and between coils and core.

Autotransformers

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

-Iron Core

I———

\RAAAAS

T Line
2

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

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



The Decibel

The Decibel

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

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

b log T2
Db, = 10 log —

g 2
Common logarithms (hase 10) are used.

Voltage and Current Ratios

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

Db, = 20 1();.:%3
1

~

or 20 log -2
1

Decibel Chart

The two formulas are shown graphically in
Fig. 2-36 for ratios from 1 to 10. Gains (in-
creases) expressed in deeibels may be added
arithmetically ; losses (deercases) may be sub-
tracted. A power decrease is indicated by
prefixing the deeibel figure with a minus
sign, Thus 46 db. means that the power has
been multiplied by 4, while —6 db. means
that the power has been divided by 4.
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Fig. 2-36—Decibel chart for power, voltage and current

ratios for power ratios of 1:1 to 10:1. In determining

decibels for current or voltage ratios the currents {or

voltages) being compared must be referred to the same
value of impedance.

The chart may be used for other ratios by
adding (or subtracting, if a loss) 10 db. each time
the ratio seale is multiplied by 10, for power
ratios: or by adding (or subtracting) 20 db. each
time the seale is multiplied by 10 for voltage or
current ratios. For example, a power ratio of 2.5
is 4 db., (from the chart). A power ratio of 10
times 2.5, or 25, is 14 db. (10 + 4), and a power
ratio of 100 times 2.3, or 250, is 24 db. (20 + 1).
A voltage or current ratio of 41is 12 db., a voltage
or current ratio of 40 is 32 db. (20 + 12), and a
voltage or current ratio of 400 is 52 db. (40 4 12).

Radio-Frequency Circuits

@ RESONANCE IN SERIES CIRCUITS

Fig. 2-37 shows a resistor, eapacitor and in-
ductor connected in series with a source of alter-
nating current, the frequency of which ean be
varied over a wide range. At some low frequency
the capacitive reactance will be much larger than
the resistance of R, and the inductive reactance
will be small compared with either the reactance
of C or the resistance of R. (R is assumed to be the
same at all frequencies.) On the other hand, at
some very high frequency the reactance of C will
be very smali and the reactance of L will be very
large. In either of these cases the current will be

small, beeause the reactance is laree at either low
or high frequencies.

O
Eac co=
I

Fig. 2-37—A series circuit containing L, C and R is ""reso-
nont” at the applied frequency when the reactance of C
is equal to the reactance of L.
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At some intermediate frequeney, the reactances
of (" and £ will be equal and the voltage drops
across the coil and capacitor will be equal and
180 degrees out of phase. Therefore they cancel
wch other completely and the current flow is
determined wholly by the resistance, R. At that
frequency the current has its largest possible
value, assuming the source voltage to be constant
regardless of frequency. A series cireuit in which
the induetive and capacitive reactances are equal
is said to be resonant.

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

Resonant Frequency
The frequeney at which a series eireuit is
resonant is that for which X, = X Substitut-
ing the formulas for inductive and capacitive
reactance gives

where f = Frequeney in eyeles per second

I, = Inductance in henrys

¢ = Capacitance in farads

T = 3.1
These units are inconvenicently large for radio-
frequency cireuits. .\ formula using more appro-
priate units is

I

108

T or e

where [ = Frequeney in kiloeyeles (ke.)

1. = Induetance in mierohenrys (gh.)

C = Capacitance in  micromicrofarads
(upf.)

x = 304

cample: The resonant frequency of a series
cireuit containing a 5-uh, inductor and a 35-
uuf. capacitor is

108 108

2 VLC 628 X A5 X 33
o

10¢ o
— = — = 12,050 ke.
6.28 X 13.2 83

The formula for resonant frequency is not

affected by the resistance in the cireuit,
Resonance Curves

If o plot is drawn of the current flowing in the
cirenit of Fig, 2-37 as the frequeney s varied
(the applied voltage being constant) it would
look like one of the curves in Fig. 2-38. The shape
of the resonance curve at frequencies near reso-
nanee is determined by the ratio of reactance to
resistance.

I the reactance of cither the coil or eapacitor ix
of the same order of magnitude as the resistance,
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RELATIVE CURRENT

4] —
-20 =10 ] +i0 +20
PER CENT CHANGE FROM RESONANT FREQUENCY

Fig. 2-38 —Current in a series-resanant circuit with various
values af series resistance. The volues are arbitrary and
wauld nat apply to all circuits, but represent a typical
case. It is assumed that the reactances (at the resonant
frequency) are 1000 ahms. Note that at frequencies
more than plus or minus ten per cent away from the reso-
nant frequency the current is substantially unaffected by
the resistance in the circuit,

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

Both types of resonance curves are useful. A
sharp cirenit gives good selectivity — the ability
to respond strongly (in terms of current ampli-
tude) at one desired frequeney and diseriminate
against others. A broad eircuit is used when the
apparatus must give about the same response
over a band of frequencies rather than to a single
frequeney alone.

10
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o
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20 0 0 v ree
Pt CEVT CHANGE FROM RESUNA NI
FREQUENCY
Fig. 2-39—Current in series-resonant circuits having
different Qs. in this graph the current at resonance is
assumed to be the same in all cases. The lawer the Q, the
more slawly the current decreases as the applied fre-
quency is moved away from resanance
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Most diagrams of resonant cireuits show only
inductance and capacitance; no resistanee is indi-
eated. Nevertheless, resistance is alwavs present.
At frequencies up to perhaps 30 Me. this resist-
ance is mostly in the wire of the coil, .\bove this
frequency energy loss in the capacitor (princi-
pally in the solid dielectrie which must be used
to form an insulating support for the eapacitor
plates) becomes appreciable. This energy loss is
equivalent to resistance. When maximum sharp-
ness or seleetivity is needed the object of design
is to reduce the inherent resistance to the lowest
possible value.

The value of the reactance of either the indue-
tor or capacitor at the resonant frequeney of a
series-resonant cireuit, divided by the resistance
in the cireuit, is called the Q (quality factor)
of the cireuit, or

5%
R
where Q = Quality faetor

Q=

X = Reaetance of either coil or condenser,
in ohms
R = Series resistance in ohms

Exanmiple: The inductor and eapacitor in a
series cireuait each have a reactance of 330 oluns
at the resonant frequency, The resistance is 5
ohms. Then the @ is
5
Q=2
It
The effect of () on the sharpness of resonance
of a cireuit is shown by the curves of Fig, 2-39.
In these curves the frequeney change is shown
m percentage above and below the resonant
frequency. s of 10, 20, 50 and 100 are shown;
these values cover much of the range commonly
used in radio work.

Voltage Rise

When a voltage of the resonant frequeney is
inserted in series in o resonant cireuit, the volt-
age that appears aeross either the inductor or
apacitor is eonsiderably higher than the applied
voltage. The current in the cireuit is limited only
by the resistance and may have a relatively
high value; however, the same current fows
through the high reactances of the induetor and
apacitor and eauses large voltage drops. The ra-
tio of the reactive voltage to the applied voltage
is equal to the ratio of reactance to resistance.
This ratio is also the @ of the circuit. Therefore,
the voltage across cither the inductor or eapaciter
is equal to Q times the voltage inserted in series
with the eircuit.

Example: Theinductive reactance of u cireuit
is 200 ohms, the eapacitive reactance is 200
ohms, the resistance 5 ohms, and the applied
voltage is 50. The two reactances cancel and
there will be but 3 ohms of pure resistance to
limit the current flow. Thus the current will be
50/5, or 10 amperes. The voltape developed
across either the inductor or the capuacitor will be
equal to its reactanee times the current, or
200 X 10 = 2000 volts. An alternate method:
The Q of the circuit is X/R =200/5 = 40.
The reactive voltage is equal to @ times the
applied voltage, or 40 X 50 = 2000 volts,

. RESONANCE IN PARALLEL CIRCUITS

When a variable-frequency source of constant
voltage is applied to a parallel circuit of the type
shown in Fig. 2-10 there is a resonanee effect
similar to that in a series eircuit. However, in this
case the “line” eurrent (measured at the point
indicated) is smallest at the frequency for which
the induetive and capacitive reactances are equal.
At that frequeney the current through I is ex-
actly canceled by the out-of-phase current
through €, so that only the current taken by R
flows in the line. At frequencies helow resonance
the current through £ is larger than that through
(', beeause the reactance of L is smaller and
that of ' higher at low frequencies; there is
only partial cancellation of the two reactive
currents and the line current thercfore is larger
than the current taken by /2 alone. At frequencies
ahore resonance the situation is reversed and
more current flows through C than through L,
s0 the line current again increases. The current
at resonance, heing determined wholly by £,
will he small if R is large and large if £ is small.

Fig. 2-40—Circuit illustrating parallel resonance.

The resistanee R shown in Fig, 2-10 is not
necessarily an actual resistor. In most cases it
will be an “equivalent” resistance that represents
the energy loss in the cireuit. This loss can be in-
herent in the coil or capacitor, or mauy represent
energy transferred to a load by means of the
resonant circuit. (For example, the resonant
circuit may be used for transferring power from
a vacuuni-tube amplifier to an antenna system.)

Parallel and series resonant cireuits are quite
alike in sonie respeets. For iustance, the circuits
given at A and B in Fig, 2-11 wiil behave identi-
cally, when an external voltage is applied, if (1)
L and (" are the =ame in both eases; and (2) R,
multiplied by £, equals the square of the react-
ance (at resonancee) of either L or C. When these
conditions are met the two eireuits will have the

,_
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(A) B)

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

two circuits are resonant. The series resistor, Rs, in A

can be replaced by an equivalent parallel resistor, Rp, in
B, and vice versa.
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same Qs. (These statements are approximate, but
are quite accurate if the Q is 10 or more.) The cir-
cuit at A is a series circuit if it i viewed from the
“inside” — that is, going around the loop
formed by L, C and R — so its  can be found
from the ratio of X to R..

Thus a ecireuit like that of Fig. 2-41A has an
equivalent parallel impedance (at resonance)
equal to 12, the relationship between Ry and R,
being as expliined above. Although 2, is not
an actual resistor, to the source of voltage the
parallel-resonant eireuit “looks like” a  pure
resistance of that value. 1t iz “pure” resistance
beeause the induetive and capacitive currents are
180 degrees out of phase and are equal; thus there
i no reactive current. in the line. In a practical
¢ireuit with o high-Q capacitor, at the resonant
frequeney the parallel impedance is

Z.=QX
esistive impedance at resonance
Quality factor of inductor
Reactance (in ohms) of either the
inductor or eapacitor

where Z: =

Q
X

Example: The parallel impedance of a circuit
with n coll @ of 50 and having inductiveand ca-
pacitive reactances of 300 ohms will he

Ze = QX =50 X 300 = 15.000 ohms

At frequencies off resonanee the impedance
is no longer purely resistive beeause the induetive
and eapaeitive eurrents are not equal, The off-
resonant impedanee therefore is complex, and
is lower than the resonant impedanee for the
reasons previously outlined.

The higher the @ of the cireuit, the higher the
parallel impedanee, Curves showing the varia-
tion of impedanece (with frequeney) of a parallel
cireuit hove just the same shape as the curves
showing the variation of eurrent with frequency
in & series eircuit. Fig, 2-12 is a set of such curves.
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Fig. 2-42—Relative impedance of parallel-resonant
circuits with different Qs. These curves are similar to
those in Fig. 2-42 for current in a series-resonant circuit.
The effect of Q on impedance is most marked near the
resonant frequency.

Parallel Resonance in Low-Q Circuits

The preceding discussion is accurate only for
(s of 10 or more. When the @ is below 10, reso-
nance in a parallel eircuit having resistance in
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series with the coil, as in Tig. 2-11.\, is not so
easily defined. There is a set of values for L and
C that will make the parallel impedance a pure
resistance, but with these values the impedance
does not have its maximum possible value. An-
other set of values for L and C will make the
parallel impedance a maximum, but this maxi-
mum value is not a pure resistance. Lither
condition eould be called “resonanee,” so with
low-() circuits it is necessary to distinguish be-
tween maximum impedance and resistive im-
pedance parallel resonance. The difference be-
tween these L and (7 values and the equal react-
ances of a seriessresonant cireuit is appreciable
when the  is in the vieinity of 5, and becomes
more marked with still lower Q values,

Q of Loaded Circuits

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

(A) B

Fig. 2-43—The equivalent circuit of o resonant circuit

delivering power to a load. The resistor R represents

the load resistance. At B the load is tapped across part

of L, which by transformer action is equivalent to using
a higher load resistance acress the whole circuit.

Ilowever, when the cireuit delivers energy to
a load (as in the case of the resonant cireuits
used in transmitters) the encrgy consumed in
the cireuit itself is usually negligible compared
with that consumed by the load. The equivalent
of such a eiveuit is shown in Fig. 2-13A, where
the parallel resistor represents the load to which
powet is delivered. 1f the power dis<ipated in the
load is at least ten times as great as the power
logt in the inductor and eapacitor, the parallel tm-
pedance of the resonant cireuit itself will be =0
high compared with the resistance of the load
that tor all practical purposes the impedance of
the combined circuit is equal to the load resist-
ance. Under these conditions the @ of a parallel-
resonant circuit loaded by a resistive impedance is
R
AN
where Q = Quality factor
R = Parallel load resistance (ohms)
X = Reactance (ohms) of cither the in-
ductor or capacitor
Example: A resistive load of 3000 ohins is con-
nected across a resonant eireuit in which the in-
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ductive and eapacitive reactances are each 250

ohis, The cireuait  is then
y =L‘j _B000 _ |,

X230

The “effective” @ of a circuit loaded by a
parallel resistance becomes higher when the re-
actances are deereased. .\ eircuit loaded with a
relatively low resistance (a few thousand ohms)
must have low-reactance elements (large capaci-

tance and small inductanee) to have reasonably
high Q.

Impedance Transformation

An important application of the parallel-
resonant eireuit is as an impedance-matehing de-
viee in the output eireuit of a vacuum-tube r.f,
power amplifier. As deseribed in the seetion on
vacuu tubes, there is an optimum value of load
resistance for each type of tube and set of operat-
ing conditions, llowever, the resistance of the
load to which the tube is to deliver power usually
is considerably lower than the value required for
proper tube operation. To transform the actual
load resistance to the desived value the load may
be tapped across part of the coil, as shown in
Vig. 2-13B. This is equivalent to connecting a
higher value of load resistance across the whole
virenit, and is similar in principle to impedance
transformation with an iron-core transformer.
In high-frequency  resonant cireuits the im-
pedance ratio does not vary exactly as the square
of the turns ratio, beeause all the magnetie (hix
lines do not ent every turn of the coil. \ desired
reflected impedancee usually must be obtained hy
experimental adjustment.

When the load resistance has a very low value
(sav below 100 ohms) it may be connected in
series in the resonant cireuit (as in Fig, 2-31.\,
for example), in which ease it is transformed to
an equivalent parallel impedance as previously
deseribed. If the @ is at least 10, the cquivalent
parallel impedanee is

e
Ze="
R
where Z: = Resistive parallel impedance at reso-
nance

X

Reactance (in ohms) of either the
coil or capacitor
I = Load resistance inserted in scries

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

Reactance Values

The charts of IFigs. 2-44 and 2-45 show react-
ance values of inductances and capacitances in
the range commonly used in r.f. tuned circuits
for the amateur bandx. With the exception of the
3.5=1 Me, band, limiting values for which are
shown on the charts, the change in reactance over
1 hand, for either inductors or capacitors, is small
enough so that a single eurve gives the reactance
with sufficient accuracy for most practical
purposes.

INDUCTANCE IN MICROHENRYS

]

L

10 20 30 4050 100 200 300400500 1000 2000
INDUCTIVE REACTANCE IN OHMS
Fig. 2-44—Reactonce chart fer inductance values

commanly used in amateur bands fram 1.75 ta 220 Mc.

L/C Ratio

The formula for resonant frequeney of a eireuit
shows that the same frequeney alwayvs will be
obtained so tong as the product of L and € is con-
stant. Within this limitation, it is evident that /.
can be large and Csmall, L small and €' large, ete.
The relation between the two for a fixed fre-
queney is called the L/C ratio. \ high-C circuit

1000

CAPACITANCE IN MICROMICROFARADS

. |
10 20 30 4050 100 200 300400500
CAPACITIVE REACTANCE IN OHMS

1000 2000

Fig. 2-45—Reactance chart far copacitance values cam-
manly used in amateur bands fram 1.75 ta 220 Mec.
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2-ELECTRICAL LAWS AND CIRCUITS

is one that has more capacitance than “normal”
for the frequency; a low-C circuit one that has
less than normal capacitance. These terms depend
to a considerable extent upon the particular ap-
plication considered, and have no exact numeri-
al meaning,.

LC Constants

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

L = 25,.i§0
S
where L = Inductance in microhenrys (uh.)
' = (Capacitance in micromierofarads
(uuf.)
I = Frequeney in megaceyeles

Example: Find the inductance required to
resonate at 3650 ke, (3.65 Me) with eapaci-
tances of 235, 50, 100, and 300 puf. The LC
constant is

LC =

25,330 _ 25,330

= = 1000
(3.65)* 13.35

With 25 ppf. L o= 1900/C = 1900/25
= 76 uh.
50 puf, L = 1900/C = 1900/50
= 38 ph,
100 ppf, L = 1900/C = 1900/100
= 19 gh.
500 wuf. L = 1900/C = 1900/500
= 3.8 uh.

@ COUPLED CIRCUITS

Energy Transfer and Loading

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

Coupling by a Common Circuit Element

One method of coupling between two resonant
cireuits is through a cireuit element common to
hoth. The three common variations of this type
of coupling are shown in Fig. 2-46; the circuit
clement common to both eireuits carries the sub-
seript M. At A and B current cireulating in
L1 flows through the common element, and the
voltage developed aeross this clement causes
eurrent to flow in LoCy. At C, ('zy and 'y form a
capacitive voltage divider across Li(;, and some
of the voltage developed across L1Cy is applied
across LxCs,
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Fig. 2-46—Three methods of circvit coupling.

If both ecircuits are resonant to the same
frequency, as is usually the ease, the value of
coupling reactance required for maximun energy
transfer can be approximated by the following,
based on [y = Lo, () = Cy and Q) = Qa:

(\) T = 1y/Qu: (B) Cxpo= (12 (C) Oy =
y/Q\.

The coupling ean be inercased by inereasing
the above coupling clements in A and ¢ and
decereasing the value in 13, When the coupling is
increased, the resultant bandwidth of the com-
bination is inereased, and this prineiple is some-
times applied to “broad-band” the cireuits in a
transnmitter or reeciver. When  the  coupling
clements in A and C are deereased, or when the
coupling clement in I3 is inereased, the coupling
between the eireuits is deercased below  the
eritical coupling value on which the above
approximations are based. Less than eritieal
coupling will deerease the bandwidth and the
energy transfer; the prineiple is often used in
receivers to improve the scleetivity,

Inductive Coupling
Figs. 2-47 and 2-48 show induetive coupling, or
coupling by means of the mutual inductance be-
tween two coils. Cireuits of this type resemble the
iron-core transformer, but because only a part of

o o

Input L La c;é Output (A)
o— o
o— o

tnput C7L-[; L % E‘_Z Output (B)

Fig. 2.47 —Single-tuned inductively coupled circuits,



Coupled Circuits

the magnetie flux lines set up by one coil eut the
turns of the other coil, the simple relationships
between turns ratio, voltage ratio and impedance
ratio in the iron-core transformer do not hold.

Two types of inductively-coupled cireuits are
shown in Fig. 2-47. Only one circuit is resonant,
The eircuit at A is frequently used in receivers for
coupling between amplifier tubes when the tuning
of the cireuit must be varied to respond to signals
of different frequencies. Cireuit B is used prin-
eipally in transmitters, for coupling a radio-
frequency amplifier to a resistive load.

In these circuits the coupling between the
primary and secondary coils usually is “tight” —
that ix, the coeflicient of coupling between the
coils is large. With very tight coupling cither cir-
cuit operates nearly as though the device to which
the untuned coil is connected were simply tapped
across a corresponding number of turns on the
tuned-cirenit coil, thus either cireuit is approxi-
mately equivalent to g, 2-431.

By proper choice of the number of turns on
the untuned coil, and by adjustment of the
coupling, the parallel impedanee of the tuned eir-
cuit may be adjusted to the value required for
the proper operation of the device to which it is
connected. In any case, the maximum energy
transfer possible for a given coeflicient of coupling
is obtained when the reactance of the untuned
coll is equal to the resistance of its load.

The Q and parallel impedance of the tuned
circuit are reduced by eoupling through an un-
tuned coil in much the same way as by the
tapping arrangement shown in Fig, 2-1313.

Coupled Resonant Circuits
When the primary and secondary eireuits are
both tuncd, as in Fig. 2-18, the resonance effeets

o o
Input 7éc, L Lz  Co—A~ Output
o o)
(A)
VP
; a4
Input 7\C| L Lo 2 Qutput
o 7o)

(B)

Fig. 2-48—Inductively-coupled resonant circuits. Circuit A

is used for high-resistance loads (load resistance much

higher than the reactance of either L2 or C2 at the resonant

frequency). Circuit B is suitable for low resistance loads

(load resistance much lower than the reactance of either
L2 or C2 at the resonant frequency).

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

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

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

With loaded cireuits such as are used in trans-
mitters the Q may be too low to give the desired
power transfer even when the eoils are coupled
as tightly as the physical construction permits.
In such ease, increasing the Q of either circuit
will be helpful, although it is generally better to
increase the  of the lower-Q circuit rather than
the reverse. The @ of the parallel-tuned primary
(input) circuit ean be inereased by decreasing the
L/C ratio beeause, as shown in connection with
Fig. 2-43, this circuit is in effeet loaded by a
parallel resistance (effect of coupled-in resist-
ance). In the parallel-tuned secondary cireuit,
Fig. 2-48A, the Q can be increased, for a fixed
value of load resistance, cither by decreasing the
L./C ratio or by tapping the load down (see 1ig.
2-43). In the series-tuned secondary cireuit, Fig.
2-181, the Q may be increased by increasing the
L. C ratio. There will generally be no difficulty in
seceuring  sufficient coupling, with practicable
cotlg, if the product of the Qs of the two tuned
cireuits is 10 or more. A smaller product will
suffice if the coil construction permits tight
coupling,

Selectivity

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

In IFig. 2-48, the selectivity is the same as that
of a single tuned circuit having a Q equal to the
product of the Qs of the individual circuits — if
the coupling is well below critical (this is not the
condition for optimum power transfer discussed
immediately above) and both circuits are tuned
to resonance. The Qs of the individual circuits
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RELATIVE QUTPUT VOLTAGE

FRESONANCE——>-

i — 1
- —
FREQUENCY

Fig. 2-49—Showing the effect on the output voltage from
the secondary circuit of changing the coefficient of coupling
between two resonant circuits independently tuned to the
same frequercy. The voltage applied to the primary is
held constant in amplitude while the frequency is varied,
and the output voltage is measured across the secondary.,

are affeeted by the degree of eoupling, because
cach couples resistance into the other; the
tighter the coupling, the lower the individual Qs
and therefore the lower the over-all seleetivity.

If both ecircuits are independently tuned to
resonance, the over-all selectivity will vary about
as shown in Fig. 2-49 as the coupling is varied.
With loose coupling, A, the output voltage
(sweross the secondary eireuit) is small and the
seleetivity is high. s the coupling is inereased
the xecondary voltage also increases until eritical
coupling, 13, is reached. At this point the output
voltage at the resonant frequency is maximum
but the selectivity is lower than with looser
coupling. At «till tighter coupling, €', the output
voltage at the resonant frequeney decreases, but
as the frequency is varied either side of resonance
it ix found that there are two “humps” to the
curve, one on either side of resonance. With very
tight coupling, 1), there ix a further deercase in
the output voltage at rexonance and the “humps”
are farther away from the resonant frequency.
Curves such as those at (" and 1) are called flat-
topped heeause the output voltage does not change
niuch over an appreciable band of frequencies,

Note that the off-resonance humps have the
same maximum value as the resonant out put volt-
age at eritical coupling. These humps are eaused
by the fact that at frequencies off resonance the
secondary eirenit ix reaetive and couples reactance
ax well as resistance into the primary, The cou-
pled resistance decreases off resonance, and cach
Lt represents a new condition of eritieal cou-
pling at o frequeney to which the primary is
tuned by the additional coupled-in reactance
from the secondary.

Band-Pass Coupling

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

sand-pass operation also is seenred by tuning
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the two circuits to slightly different frequencies,
which gives a double-humped resonance eurve
even with loose coupling. This is called stagger
tuning. llowever, to =eeure adequate power
transfer over the frequency band it is usually
necessary to use tight coupling and experimentally
adjust the eircuits for the desired performance,

Link Coupling

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

—o0
Input ;éc, L ﬁ Lo C é Output
[~

o—q

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

cocflicient is less than for any pair of coils. In
practice this need not be dizadvantageous beeause
the power transfer ean be made great enough by
making the tuned cireuits sufficiently  high-Q.
Link coupling is convenient when ordinary in-
duetive coupling would he impracticable for con-
structional reasons,

The link coils usually have a small number of
turns compared with the resonant-cireuit coils,
The number of turns ix not greatly important,
because the coeflicient of coupling is relatively
independent of the number of turns on either coil;
it is more important that both link coils <houkd
have about the same inductancee. The length of the
link between the coils is not eritical if it ix very
small compared with the wavelength, at if the
length ix more than about one-twentieth of »
wavdlength the link operstes more ax o transmis-
sion line than as a means for providing mutual
inductance. In such case it should be treated by
the methods deseribed in the ehapter on Trans-
mission Lines,

. IMPEDANCE-MATCHING CIRCUITS

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

The L Network

The L network is the simplest possible im-
pedanee-matching circuit. It closely resembles
an ordinary resonant circuit with the load resist-
ance, R, Fig. 2-51, either in series or parallel.
The arrangement shown in Fig. 2-31A is used
when the desired impedance, Rix, is larger than
the actual load resistanee, 12, while Fig. 2-5113
is used in the opposite case. The design equations
for each ease are given in the figure, in terms of
the circuit reactances. The reactances may be
converted to inductance and ecapacitance by
means of the formulas previously given or taken
directly from the charts of Figs. 2-H and 2-45.

When the impedance transformation ratio is
large — that is, one of the two impedances is
of the order of 100 times (or more) larger than the
other — the operation of the circuit is exactly
the same as previously discussed in connection
with impedance transformation with a simple
L resonant cireuit.

The Q of an L network is found in the same
way as for simple resonant cireuits. That is, it is
equal to Xy, R oor Iz, Xeig Fig. 2-514, and to
Xo Iix or R/X¢ in Fig, 2818, The value of
() is determined by the ratio of the impedances
to he matehed, and cannot be selected inde-
pendently. In the equations of Fig. 2-31 it is as-
sumed that both R and Rix are pure resistances,

The Pi Network

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

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

In its prineipal application as a “tank” circuit
matehing a transmission line to a power amplifier
tube, the load R will generally have a fairly
low value of resistance (up to a few hundred
ohms) while [?y, the required load for the tube,
will be of the order of a few thousand ohms.
In such a ease the Q of the circuit is defined as
12y/ X, so the choiece of a value for the operat-
ing Q immediately sets the value of XN¢pand hence
of €. The values of N¢o and Xy, are then
found from the equations given in the figure.

Graphical solutions of these equations for the
most important practical cases are given in the
chapter on transmitter design in the discussion
of plate tank cireuits. The L and € values may be
caleulated from the reactances or read from the
charts of Figs. 2-41 and 2-45.

Tapped Tuned Circuit

The tapped tuned circuit of Fig. 2-31D is use-
ful in some receiver applications, where it is degir-
able to use a high-impedance tuned circuit as a
lower-impedance load. When the Q of the in-
duetor has heen determined, the eapacitors can
be selected to give the desired impedance trans-
formation and the neeessary resultant eapac-
itance to tune the cireuit to resonance,

@ FILTERS

A filter is an clectrical cireuit configuration
(network) designed to have specifie characteris-
ties with respect to the transmission or attenua-
tion of various frequencies that may be applied to
it. There are three general types of filters: low-
pass, high-pass, and band-pass.

A low-pass filter is one that will permit all
frequencies below a specified one called the cut-off
frequency to be transmitted with little or no loss,
but that will attenuate all frequencies above the
cut-off frequeney.

A high-pass filter similarly has a cut-off fre-
queney, above which there is little or no loss in
transmission, but below which there is consider-
able attenuation. Its behavior is the opposite of
that of the low-pass filter.

A band-pass filier is one that will transmit a
selected band of frequencies with substantially
no loss, but that will attenunate all frequencies
cither higher or lower than the desired band.

The pass band of a filter is the frequeney spec-
trum that is transmitted with little or no loss.
The transmission characteristic is not necessarily
perfectly uniform in the pass band, but the varia-
tions usually are small.

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

Filters are designed for a specific value of
purely resistive impedance (the terminating im-
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Impedance-Matching Circuits

pedance of the filter). When such an impedance
i« connected to the output terminals of the filter,
the impedanee looking into the input terminals
has essentially the ame value, throughout most
of the pass band. Stmple filters do not give per-
feetly umiform performancee in this regpeet, but
the input impedanee of a0 properly-terminated
filter ecan be made fairly constant, as well as
clozer to the design value, over the pass baud
hy using m-derived filter sections,

A discussion of filter design prineiples ig heyond
the scope of this Handbodle, hut it is not diffieult
to build satisfactory filters from the eireuits and
formulas given in Fig. 2-52. Filter circuits are
built up from clementary seetions ax shown in the
figure. These sections ean he used alone or, if
greater attenuation and sharper cut-off (that is, a
more rapid rate of rise of attenuation with fre-
queney bevond the ceut-off frequeney) are re-
quired, several seetions can he connected in
series, In the fow- and high-pass filters, fo vepre-
sents the cut-olt frequeney, the highest (for the
low-pass) or the lowest (for the high-pass) fre-
queney transmitted without attenuation. In the
band-puss filter designs, f1 is the low-frequeney
cut-off and f» the high-frequeney cut-off, The
units for L, €', I and f ave henrys, farads, ohms
and cveles per second, respeetively.

All of the types shown are “unbalaneed” (one
side grounded). For use in balanced cireuits (e.g.,
300-ohm transmission line, or push-pull audio
cireuits), the series reactances should be equally
divided hetween the two legs, Thus the balanced
constant-k w-section low-pass filter would use two
inductors of a value equal to L2, while the
balaneed constant-h rseetion high-pass  filter
would use two eapacitors each equal to 20,

I several low- (or high-) pass sections are to
be used, it is advisable to use mi-derived end
sections on either side of a constant-£ center see-
tion, although an w-derived center seetion can he
used, The factor m determines the ratio of the
cut-oft frequency, [, to a frequeney of high
attenuation, fo.. Where only one mi-derived see-
tion is used, a value of 0.6 is generally used for m,
although a deviation of 10 or 13 per cent from
thiz value is not too serious in amatear work,
For a value of m = 0.6, [ will he 1.25f. for the
low-pass filter and 0.8 for the high-pass filter.
Other values can be found from

m = | — (ff )2 for the low-pass filter and
\ I
m = \’ | - (C’ )2 for the high-pass filter,

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

Simple audio filters ean be made with pow-
dered-iron-core inductors and paper capacitors,
Sharper cut-off characteristics will be obtained
with more sections. The values of the com-
ponents can vary by +£3% with little or no

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

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

Low-pass and high-pass filters for harmonic
suppression  and - receiver-overload  prevention
in the television frequencies range are usually
made  with self-supporting coils and miea or
ceramice capacitors, depending upon the power
requirements,

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

@ PIEZOELECTRIC CRYSTALS

A number of erystalline substances found in
nature have the ability to transform mechanieal
strain into an cleetrieal charge, and rice rersa,
This property is known as the piezoelectric effect.
A small plate or bar cut in the proper way from a
quartz crystal and placed between two conduet-
ing electrodes  will -be mechanically  strained
when the electrodes are connected to o source of
voltage, Conversely, il the ervstal is squeezed
hetween two cleetrodes o voltage will he devel-
oped between the eleetrodes,

Piezoelectric erystals can be used to transform
mechanical energy into clectrieal energy, and viee
versa, They are used in microphones and phono-
graph pick-ups, where mechanieal vibrations are
transformed into alternating voltages of corres-
ponding frequeney, They are also used in head-
sets and  loudspeakers, transforming cleetrical
energy into mechanieal vibration, Crystals of
Rochelle salts are used for these purposes,

Crystal Resonators

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

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

Fig. 2-53—Equivalent cir-
cuit of a crystal resonator. L

L, C and R are the electrica! p——

equivalents of mechanical 1

properties of the crystal; © —=Ch
4+

Cy, is the capacitance of the
holder plates with the crys-
tal plate between them. R

the equivalent ¢ only a few hundredths of a
micromicrofarad. Although the equivalent R is
of the order of a few thousand ohms, the react-
ance at resonance is so high that the @ of the
ervstal likewise is high.

A cireuit of the type shown in Fig. 2-53 has a
series-resonant frequency, when viewed from the
cireuit terminals indieated by the arrowheads,
determined by L and € ounly. At this frequency
the cireuit impedance is simply equal to ft, pro-
viding the reactance of Cy, s lurge compared with
12 (thix is generally the ease). The cireuit also
has a paradlel-resonant frequency determined by
L and the equivalent eapacitanee of € and O,
in sories. Ninee thix equivalent eapacitance is
smaller than € alone, the parallel-resonant fre-
queney it higher than the series-resonant fre-
queney. The separation between the two resonant
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Fig. 2-54—Reactance and resistance vs. frequency of a
circuit of the type shown in Fig. 2-53. Actual valves of
reactance, resistance and the separation between the
series- and parallel-resonant frequencies, fi, and f2,
respectively, depend on the circuit constants.

frequencies depends on the ratio of € to €, and
when this ratio is large (as in the case of a eryvstal
resonator, where (' will be a few puf. in the
average ease) the two frequencies will be quite
close together. A separation of a kiloevele or
less at 155 ke. is typical of a quartz erystal,

Fig. 2-51 shows how the resistance and react-
ance of such a ecireuit vary as the applied fre-
quency is varied. The reactance passes througl
zero at hoth resonant frequencies, but the resist-
ance rises to a large value at parallel resonanee,
just as in any tuned cireuit.

Quartz ervstals may be used cither as simple
resonators for their seleetive properties or as the
frequeney-coutrolling elements in oscillators as
deseribed in later chapters. The series-resonant
frequeney is the one principally used in the former
case, while the more common forms of oseillator
cireuit use the parallel-resonant frequency.

Practical Circuit Details

@ COMBINED A.C. AND D.C.

Most radio cirenits are built around vaeuum
tubes, and it ix the nature of these tubes to require
direet current (usually at a fairly high voltage)
for their operation. They convert the direet cur-
rent into an alternating current (and sometimes
the reverse) at frequencies varying from well
down in the audio range to well up in the super-
high range. The conversion process almost in-
variably requires that the direet and alternating
currents meet somewhere in the cireuit.

In this meeting, the a.c. and d.c. are actually
combined into a single current that “pulsates”
(at the a.c. frequency) about an average value
equal to the direet current. This is shown in Fig.
2.55. 1t is convenient to consider that the alter-
nating current is superimposed on the direct
current, <o we may look upon the actual eurrent
as having two components, one d.e. and the
other a.c.

In an alternating current the positive and nega-
tive alternations have the same average ampli-
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tude, so when the wave is superimposed on a
direct current the latter is alternately increased
and deereased by the same amount. There is thus
no agerage change in the direet current. 1f a d.c.
instrument is being used to read the current, the
reading will be exactly the same whether or nog
the a.c. is superimposed.

Iowever, there is actually more power in such
a combination eurrent than there is in the direet
current alone. This is because power varies as the
square of the instantancous value of the eurrent,
and when all the instantaneous squared values
are averaged over a eyvcle the total power is
greater than the d.c. power alone. 1f thea.c. isa

Fig. 2-55—Pulsat- §
ing d.c., composed 3
of an alternating 3
current or voltage >
superimposed on @ §
steady direct cur- §
rent or voltage. 80 1 l




Practical Circuit Details
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Fig. 2-56—lllustrating series and paraliel feed.

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

Series and Parallel Feed

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

In the circuit at the left, the tube, tuned cireuit,
and d.e. supply all are connected in series. The
direct current flows through the r.f. coil to get to
the tube; the r.f. current generated by the tube
flows through the d.c. supply to get to the tuned
circuit. This is series feed. 1t works beeause the
mmpedance of the d.e. supply at radio frequencies
is s0 low that it does not affect the flow of r.f. cur-
rent, and beeause the d.e. resistanee of the eoil is
so low that it does not affect the flow of direct
current,

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

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

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

Bypassing

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

An actual eireuit would be provided with a
bypass capacitor, as shown in Fig. 2-57. Capaci-
tor C is chosen to have low reactance at the
operating frequencey, and is installed right in the
circuit where it can be wired to the other parts
with quite short connecting wires. Henee the r.f.
current will tend to flow through it rather than
through the d.e. supply.

To be effective, the reactance of the hypass
capacitor should not be more than one-tenth of
the impedance of the hyvpassed part of the eir-
cuit. Very often the latter impedance is not
known, in which ease it is desirable to use the
largest. capacitance in the bypass that cireum-
stances permit. To make doubly sure that r.f.
current will not flow through a non-r.f. cireuit
such as a power supply, an r.f. choke may be
connected in the lead to the latter, as shown in
Fie, 2-57.

The same type of bypassing is used when audio
frequencies are present in addition to r.f. Beeause
the reactance of a eapacitor changes with fre-
quencey, it is readily possible to choose a eapaci-
tance that will represent a very low reactance at

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

RFC

- bC *
Supply ]

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

In the diseussions earlier in this chapter it
was assumed that a eapacitor has only capaei-
tance and that an inductor has only inductance,
Unfortunately, this is not strictly true. There is
always o certain amount of induetanee in a con-
ductor of any length, and a capacitor is hound
to have a little induetance in addition to its
intended eapacitance, Also, there is always ea-
pacitance botween two conductors or between
parts of the same conductor, and thus there is
appreciable eapacitance between the turns of an
inductanee coil,

This distributed inductance in a capacitor and
the distributed capacitance in an inductor have
important practical effeets. Aetually, every ea-
pacitor is a tuned eireuit, resonant at the fre-
queney where its eapacitanee and  distributed
inductance have the same reactance. The same
thing is true of a coil and its distributed capaci-
tance. At (requencies well below these natural
resonances, the capacitor will act like a normal
capacitance and the coil will act like a normal
inductance. Near the natural resonant points,
the coil and capacitor act like self-tuned cireuits.
Above resonance, the capacitor acts like an in-
ductor and the inductor acts like a capacitor.
Thus there is a limit to the amount of eapacitanee
that ean be used at a given frequency. There is a
similar limit to the inductanee that ean be used.
At audio frequencies, eapacitances measured in
microfarads and induetances measured in henrys
are practicable. At low and medium radio fre-
quencies, inductances of a few millihenrys and
capacitances of a few  thousand micromicro-
farads are the largest practicable, At high radio
frequencies, usable inductance values drop to
a few microhenrys and capacitanees to a few
hundred micromierofarads.

Distributed eapacitance and inductance are
important not only in r.f. tuned eirenits, but in
bypassing and choking as well, It will be appre-
ciated that a bypass capaeitor that actually
acts like an induetanee, or an r.f, ehoke that acts
like 2 low-reactance eapacitor, eannot work as it
is intended they should.

Grounds

Throughout this hook there are frequent refer-
ences to ground and ground potential. When a
conneetion is said to be “grounded” it does not
necessarily mean that it actually goes to eartly,
What it means is that an actual earth connection
to that point in the cireuit should not disturb
the operation of the cireuit in any way. The
term also is used to indieate a “common’ point
in the circuit where power supplies and metallic
supports (such as a metal chassis) are electrieally
ticdd together, 1t is general practice, for example,
to “ground”’’ the negative terminal of a d.e. power
supply, and to “ground” the filament or heater
power supplies for vacuum tubes. Since the
wthode of a vacuum tube is a junction point
for grid and plate voltage supplies, and since the
various circuits connected to the tube elements
have at least one point connected to cathode,
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these points also are “returned to ground.”
Ground is therefore a common reference point
in the radio eirenit. “Ground potential” meuans
that there is no “difference of potential” — that
is, no voltage — between the cireuit point and
the earth.

Single-Ended and Balanced Circuits

With reference to ground, a circuit may be
cither single-ended (unbalaneed) or balanced.
In a single-ended cireuit, one side of the cir-
cuit is connected to ground. In a balanced
circuit, the cleetrieal midpoint is connected to
ground, so that the cireuit has two ends each
at the same voltage “above” ground.

T'ypical single-ended and balanced circuits are
shown in Fig. 2-538. R.f. eircuits are shown in
the upper row, while iron-core transformers (such
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=
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SINGLE-ENDED

-

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

as are used in power-supply and audio cireuits)
are shown in the lower row, The r.f. circuits may
be balanced ecither by connecting the center of
the coil to ground or by using a “balanced” or
“wplit-stator’” eapacitor and connecting its rotor
to ground. In the iron-core transformer, one or
hoth windings may be tapped at the center of
the winding to provide the ground connection,

Shielding

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

Capacitive coupling may readily be prevented
by enclosing one or both of the ecircuits in
grounded low-resistance metallic containers,
called shields. The electric field from the cireuit
components does not penetrate the shield. A
metallic plate, called a baffle shield, inserted be-
tween two components also may suflice to pre-
vent electrostatic coupling between them. It
should be large enough to make the components
invisible to each other.



U.HF. Circuits

Similar metallie shielding is used at radio fre-
queneies to prevent magnetic coupling. The
shielding effect for magnetic fields increases with
frequeney and with the conduetivity and thick-
ness of the shielding material.

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

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

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

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

U.HF. Circuits

@ RESONANT LINES

In resonant circuits as employed at the lower
frequencies it is possible to consider cach of the
reactance components as a separate entity, The
fact that an inductor has a certain amount of
self-capacitance, as well as some resistance,
while a capacitor also possesses a small self-
inductance, can usually be disregarded.

At the very-high and ultrahigh frequencies it
iz not readily possible to separate these com-
pouents. Also, the connecting leads, which at
lower frequencies would serve merely to join the
capacitor and coil, now may have more induet-
anee than the coil itself. The required inductance
coil may be no more than a single turn of wire,
vet even this single turn may have dimensions
comparable to a wavelength at the operating
frequencey. Thus the energy in the field surround-
ing the “coil” may in part be radiated. At a
sufficiently high frequeney the loss by radiation
may represent a major portion of the total energy
in the cireuit.

For these reasons it is common practice to
utilize resonant sections of transmission line as
tuned cireuits at frequencies above 100 Me. or so.
A quarter-wavelength line, or any odd multiple
thereof, shorted at one end and open at the
other exhibits large standing waves, ns deseribed
in the seetion on transmission lines, When a
voltage of the frequency at which such a line
is resonant is applied to the open end, the re-
sponse i8 very similar to that of a parallel res-
onant circuit The equivalent relationships are
shown in Fig. 2-59. At frequencies off resonance
the line displays qualities comparable with the
induetive and eapacitive reactances of a con-
ventional tuned cireuit, so seetions of transmis-
sion line can be used in mueh the same manner as
inductors and capaeitors.

To minimize radiation loss the two conductors
of a parallel-conductor line should not be more
than about one-tenth wavelength apart, the
spacing being measured between the conductor
axes. On the other hand, the spacing should not
be less than about twice the conductor diameter
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because of “proximity effeet,” which causes
eddy currents and an inerease in loss. Above 300
Me. it is dificult to satisfy both these require-
ments simultancously, and the radiation from
an open line tends to become excessive, reducing
the Q. In such ease the coaxial type of line is to
be preferred, since it is inherently shielded.
Representative methods for adjusting coaxial
lines to resonance are shown in Fig. 2-61). At the
left, a sliding shorting disk is used to reduce the
effective length of the line by altering the position
of the short-cireuit. In the center, the same effect
is accomplished by using a telescoping tube in
the end of the inner conductor to vary its length
and thereby the effective length of the line. At
the right, two possible methods of using parallel-
plate eapacitors are illustrated. The arrange-
ment with the loading capacitor at the open
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Fig. 2-60—Methads of tuning coaxial resonant lines.
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end of the line has the greatest tuning effect
per unit of capacitance; the alternative method,
which is equivalent to tapping the eapacitor
down on the line, has less effect on the Q of the
circuit. Lines with eapacitive “loading” of the
sort illustrated will he shorter, physically, than
unloaded lines resonant at the came frequeney.

T'wo methods of tuning a parallel-conductor
lines are shown in Fig. 2-61. The sliding short-
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Fig. 2-61 —Methods of tuning parallel-type resonant lines.

circuiting strap can be tightened by means of
serews and nuts to make good eleetrieal con-
tact. The parallel-plate eapacitor in the second
drawing may be placed anywhere along the
line, the tuning effect beeoming less as the
eapacitor is loeated nearer the shorted cend
of the line. Although a low-capacitance varia-
hle capacitor of ordinary construction can be
uzed, the circular-plate type shown is svmmet-
rical and thus does not unbalanee the line. 1t
also has the further advantage that no insulat-
ing material is required.

@ WAVEGUIDES

A waveguide is a conducting tube through
which energy is transmitted in the form of clee-
tromaguetic waves, The tube is not considered
as carrying a current in the same sense that the
wires of a two-conductor line do, but rather as
a boundary which confines the waves to the
enclosed space. Skin effeet prevents any elee-
tromagnetic effects from being evident outside
the guide. The energy is injected at one end,
cither through capacitive or induetive coupling
or by radiation, and is received at the other
ond. The waveguide then merely confines the
cnergy of the fields, which are propagated
through it to the reeciving end by means of
refleetions against its inner walls,

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

Fig. 2-62 represents a relatively simple dis-
tribution of the eclectric and magnetic fields.
There is in general an infinite number of ways
in which the fields ean arrange themselves in a
guide so long as there is no upper limit to the
frequency to be transmitted. Each field config-
uration is called a mode. All modes may be
separated into two general groups. One group,
designated 7./ (transverse magnetic), has the
magnetie ficld entirely transverse to the dirce-
tion of propagation, but has a component of
clectrie field in that direction. The other type,
designated T'E (transverse electric) has the clee-
tric field entirely transverse, but has a com-
ponent of magnctic ficld in the dircetion of
propagation. 7.M waves are sometimes called
I waves, and TE waves are sometimes called
I waves, but the 7'M and TE designations are
preferred.

The particular mode of transmission is
identificd by the group letters followed by two
subscript numerals; for example, T,
T My, ete. The number of possible modes in-
creases with frequency for a given size of guide.
There is onlv one possible mode (called the
dominant mode) for the lowest frequency that
can be transmitted. The dominant mode is the
one generally used in praetical work.

Waveguide Dimensions
In the rectangular guide the eritieal dimen-
sion iz & in Fig. 2-62; this dimension must he
more than one-half wavelength at the lowest
frequeney to be transmitted. In practice, the y
dimension usually is made about equal to i
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Fig. 2-62—Field distribution in o rectangular waveguide.
The TE;,n mode of propagation is depicted



Waveguides

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
civenlar 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 .. .. .. 2e 3.40r
Longest wavelength trans-
mitted with little atten-
uation. .. ... 1.6e 3.2r
Shortest wavelength before
next mode hecomes pos-
sible. oot 1z 2.8r

Cavity Resonators

Another kind of cireuit particularly applicable
at wavelengths of the order of eentimeters is the
cavity resonator, which may be looked upon
as a section of a waveguide with the dimensions
chosen so that waves of a given length ean be
maintained inside.

Tvypical shapes used for resonators are the
evlinder, the rectangular box and the sphere,
as shown in Iig. 2-63. The resonant frequency
depends upon the dimensions of the cavity and
the mode of oscillation of the waves (compar-
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Fig. 2-63—Forms of cavity resonofors.

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

GISHMIAYS 6 g aon00 000000 0000006000000 2.61r
Square hox. . ..oooooiai 1.4
BIERB0 6 06 000 00 D0GanED0G000a00000 G 2.28r

The resonant wavelengths of the cylinder

and square hox are independent of the height
when the height is less than a half wavelength.
In other modes of oscillation the height must
be o multiple of a half wavelength as measured
inside the eavity. A evlindrical cavity can he
tuned by a sliding shorting disk when operating
in such 2 mode. Other tuning methods inelude
placing adjustable tuning paddles or “slugs”

inside the cavity so that the standing-wave
pattern of the electric and magnetie fields can
be varied.

A form of cavity resonator in practical use is
the re-entrant eylindrical type shown in Ifig.
2-G4. In construction it rescmbles a concentric
line closed at both ends with eapacitive loading
at the top, but the actual mode of oscillation may
differ considerably from that oceurring in

o CROSS-SECTIONAL VIEW

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

coaxial lines. The resonant frequency of such a
cavity depends upon the dianmeters of the two
cylinders and the distance d between the ends
of the inner and outer evlinders.

Compared with ordinary resonant circuits,
cavity resonators have extremely high Q. A value
of Q of the order of 1000 or more is readily ob-
tainable, and @ values of several thousand ean
be secured with good design and construction.

Coupling to Waveguides and Cavity
Resonators

Encrgy may be introdueed into or abh-
stracted from a waveguide or resonator by
means of either the electrie or magnetic field.
The energy transfer frequently is through a
coaxial line. two methods for coupling to which
are shown in Fig. 2-65. The probe shown at A
is simply a short extension of the inner con-
duetor of the coaxial line, so oriented that it
is parallel to the electric lines of force. The
loop shown at I is arranged so that it encloses
some of the magnetic lines of foree. 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.

®)

Fig. 2-65—Coupling to woveguides 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 elee-
trie 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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Modulation, Heterodyning and Beats

Since one of the most widespread uses of radio
frequencies is the transmission of speech and
musie, it would be very convenient if the audio
speetrum to be transmitted could simply be shifted
up to some radio frequeney, transmitted as radio
waves, and shifted back down to the audio spee-
trum at the receiving point, Suppose the audio
signal to be transmitted by radio is o pure 1000-
evele tone, and we wish to transmit it at | Me,
(1,000,000 eveles). One possible way might be to
add 1,000,000 eveles and 1,000 eveles together,
thereby obtaining a radio frequeney of 1,001,000
cveles. No simple method for doing such a thing
direetly has ever been devised, although the effeet
is obtained and used in advanced commumications
techniques,

Actually, when two dilferent frequeneies are
present. simultaneously in an ordinary eircuit
(specifically, one in which Ohm’s Law holds) each
behaves as though the other were not there. It is
true that the total or resultant voltage (or cur-
rent) in the cireuit will be the sum of the instan-
tancous values of the two at every instant, This
is heeanse there ean be only one value of current
or voltage at anv single point in a circuit at any
instant, Figs. 2-66.\ and 13 show two such fre-
quencies, and (' shows the resultant. The ampli-
tude of the 1,000,000-cvele eurrent is not affeeted
by the presenee of the 1000-¢ycle current, but
merely has its axis shifted back and forth at the
1000-cxyele rate. An attempt to transmit such a
combination as a radio wave would result simply
in the transnission of the 1,000,000-cvele fre-
queney, sinee the 1000-cvele frequeney retains its
identity as an audio frequeney and henee will not
be radiated.

There are deviees, however, which make it pos-
sible for one frequencey to control the amplitude
of the other. If, for example, a 1000-cycle tone
is used to control a 1-Me, signal, the maximum
r.f. output will be obtained when the 1000-cyvcle
signal is at the peak of one alternation and the
minimum will oceur at the peak of the next
alternation. The process is called amplitude
modulation, and the effect is shown in Fig. 2-661).
The resultant signal is now entirely at radio fre-
queney, but with its amplitude varyving at the
modulation mte (1000 eveles). Reeeiving equip-
ment adjusted to receive the 1,000,000-cvele r.f.
sighal ean reproduce these changes in amplitude,
and thus tell what the audio signal is, through a
process called detection or demodulation.

It might be assumed that the only radio fre-
queney present in such a signal is the original
1,000,000 eveles, but such is not the case. It will
be found that two new frequeneies have ap-
pearced. These are the sum (1,000,000 4+ 1000)
and difference (1,000,000 — 1000) of the two,
and henee the radio frequeneies appearing in the
cireuit after modulation are 999,000, 1,000,000
and 1,001,000 cveles,

When an audio frequeney is used to eontrol
the amplitude of a radio frequency, the process
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Fig. 2-66—Amplitude-vs.-time and amplitude-vs.-fre-
quency plots of various signals. {A) 1%2 cycles of an audio
signal, assumed to be 1000 c.p.s. in this example. (B) A
radio-frequency signal, assumed to be 1 Mc. (1,000,000
c.p.s.); 1500 cycles are completed during the same time
as the 12 cycles in A, so they cannot be shown accurately.
(C) The signals of A and B in the same circuit; each main-
tains its own identity. (D} The signals of A and B in a circuit
where the amplitude of A can control the amplitude of B.
The 1-Mc. signal is modulated by the 1000-cycle signal.
E, F, G, and H show amplitude-vs.-frequency plots of
the signals in A, B, C and D, respectively. Note the new
frequencies in H, resulting from the modulation process.

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

In the simple example, the modulating signal
was assumed to be a pure tone, but the modulat-
ing signal can just as well be a hand of frequencies
making up speech or musie. In this case, the side
frequencies are grouped into what are ealled the
upper sideband and the lower sideband. In any
case, the frequency that is modulated is called the
carrier frequency.



Modulation, Heterodyning and Beats

In A, B, C and D of Fig. 2-66, the sketches are
obtained by plotting amplitude against time.
However, it is equally helpful to be able to visual-
ize the spectrum, or what a plot of amplitude ¢s.
frequeney looks like, at any given instant of time.
E, F, G and 1l of Fig. 2-66 show the signals of
Fig. 2-66A, B, C and D on an amplitude-vs.-
frequency basis. Any one frequency is, of course,
represented by a vertical line. Fig. 2-66H shows
the side frequeneies appearing as a result of the
modulation proeess.

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

Vacuum-Tube Principles

. CURRENT IN A VACUUM

The outstanding difference  between the
vacuum tube and most other electrieal deviees
is that the eleetrie current does not flow through
1 conductor but through empty space —a
vacuum. This is only possible when “frec”
electrons — that is, electrons that are not at-
tached to atoms — are somchow introdueed
into the vacuum. Iree cleetrons in an eviae-
uated space will be attracted to o positively
charged objeet within the same space, or will
be repelled by a negatively charged object.
The movement of the electrons under the at-
traction or repulsion of such charged objects
constitutes the current in the vacuum.

The most practical way to introduce a suffi-
ciently large number of electrons into the
evacuated space is by thermionic emission.

Thermionic Emission

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

If the eathode is the only thing in the vacuum,
most of the emitted electrons stay in its imme-
diate vicinity, forming a “cloud” about the
cathode, The reason for this is that the elee-
trons in the space, being negative electricity,
form a negative charge (space charge) in the
region of the eathode. The space charge repels

Representative tube types. Traonsmitting tubes having up

to 500-watt capability are shown in the back row. The

tube with the top cap in the middle row is a low-power

transmitting type. Others are receiving tubes, with the

exception of the one in the center foreground which is o
v.h.f. transmitting type.
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those electrons nearest the cathode, tending to
make them fall back on it.

Now suppose a sccond conduetor is intro-
duced into the vacuum, but not conneeted to
anything clse inside the tube. If this second
conductor is given a positive charge by con-
necting a source of e.m.f. between it and the

A

POSITIVE
~ PLATE

wor | |
CATHODE

et

Fig. 3-1 —Conduction by thermionic emission in a vacuum

tube. The A battery is used to heat the filoment to o tem-

perature that will couse it to emit electrons. The B

battery makes the plote positive with respect to the fila-

ment, thereby causing the emitted electrons to be attrocted

to the plate. Electrons captured by the plate flow back
through the B battery to the filoment.

cathode, as indicated in Fig. 3-1, electrons emitted
by the cathode arc attracted to the positively
charged conductor. An eleetric current then
flows through the cireuit formed by the cathode,
the charged conductor, and the source of e.m.f.
In Fig. 3-1 this c.mut. is supplied by a battery
(““B” battery); a second battery (“A” battery)
is also indieated for heating the cathode or
filament to the proper operating temperature,

The positively charged eonductor is usually
a metal plate or evlinder (surrounding the
eathode) and is ealled an anode or plate. lLike
the other working parts of a tube, it is a tube
element or etectrode. The tube shown in Iig.
3-1 is a two-element or two-electrode tube,
one element being the eathode or filament and
the other the anode or plate.

Since electrons are negative eleetricity, they
will be attracted to the plate only when the
plate is positive with respect to the cathode.
If the plate is given a negative charge, the
eleetrons will be repelled back to the eathode
and no current will flow. The vacuum tube
therefore ean conduet only tn one direction.

Cathodes

Before clectron  emission  ean  occur, the
cathode must be heated to a high temperature.
lowever, it is not essential that the heating cur-
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Fig. 3-2—Types of cathode construction. Directly heated cathodes
or filaments are shown at A, B, and C. The inverted V filament is

alinost all the eleetrons are going to the
plate. At higher voltages the plate current
stays at practically the same value.

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

used in small receiving tubes, the M in both receiving and trans-
mitting tubes. The spiral filament is o transmitting-tube type. The

indirectly-heated cathodes at D and E show two types of heater

@ RECTIFICATION

construction, one a twisted loop and the other bunched heater

wires. Both types tend to cancel the magnetic fields set up by the

current through the heater.

rent flow through the actual material that does
the cemitting; the filament or heater can be
clectrically separate from the emitting cathode.
Such a eathode is ealled indirectly heated, while
an cmitting filument is called directly heated.
Fig. 3-2 shows both types in the forms in which
they are commonly used.

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

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

Plate Current

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

Fig. 3-3 shows a typical plot of plate
current 9s. plate voltage for a two-ele-
ment tube or diode. A curve of this type
can be obtained with the circuit shown,
if the plate voltage is increased in small
steps and a current reading taken (by
means of the current-indicating instru-
ment — a milliammeter) at each volt-
age. The plate current is zero with no
plate voltage and the curve rises until a
saturation point is reached. This is where
the positive charge on the plate has sub-
stantially overcome the space charge and

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

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

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

\Saturahon

Point

Increase —

Plate Current

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

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

B”“ ﬂUﬂUﬂU

Fig. 3-4—Rectificatian in a diade.
Current flows anly when the plate is
pasitive with respect ta the cathode,
so that only half-cycles of current
flaw thraugh the load resistar, R.

Current

NAWAWA

Vacuum-Tube Amplifiers

@ TRIODES
Grid Control
If a third clement — ealled the control grid,
or simply grid — is inserted between the cath-
ode and plate as in Fig, 3-5, it can be used to

control the effect of the space charge. If the
grid i= given a positive voltage with respect to
the cathode, the positive charge will tend to
the

neutralize negative space charge. The

Fig. 3-5—Canstructian of
an elementary triode vac-
vum tube, showing the fil-
ament, grid (with an end
view af the grid wires) and
plate. The relative density
of the space charge is in-
dicated raughly by the dat
density.

GRID —-
—PLATE

CATHODE

C

result is that, at any seclected plate voltage,
more electrons will flow to the plate than if the
grid were not present. On the other hand, if
the grid is made negative with respect to the
cathode the negative charge on the grid will
add to the space charge. This will reduce the
number of electrons that ean reach the plate
at any seleeted plate voltage.

The grid is inserted in the tube to control
the space charge and not to attract

a value of negative grid voltage that will cut off
the plate current.

The curves could be extended by making the
grid voltage positive as well as negative. When
the grid is negative, it repels eleetrons and there-
fore none of them reaches it: in other words, no
current flows in the grid eireuit. However, when
the grid ix positive, it attracts eleetrons and a
current (grid current) flows, just as current fiows
to the positive plate. Whenever there is grid
current there is an accompuanying power loss in
the grid eireuit, but <o long as the grid is negative
no power is used,

It is obvious that the grid can act as a valve
to control the flow of plate current. Aetually,
the gridd has o much greater effect on plate
current flow than does the plate voltage. A
small change in grid voltage is just as effeetive
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 indieates the possibility of amplifica-
tion with the triode tube. The many uses of
the electronie tube nearly all are based upon
this amplifying feature. The amplilied output
is not obtained from the tube itself, but from the
source of e.m.f, connceted between its plate and
cathode. The tube simply controls the power from
this source, changing it to the desived form.

To utilize the controlled power,  load must
be conneeted in the plate or “output” circuit,
just as in the diode case. The lond may be

clectrons to itsclf, so it is made in the
form of a wire mesh or spiral. Elee-
trons then can go through the open
spaces in the grid to reach the plate.

Iy

N

3

Characteristic Curves

For any particular tube, the effect
of the grid voltage on the plate cur-
rent ean be shown hy a set of char-
acteristic curves. A typical set of 2)-
curves is shown in Fig. 3-6, together
with the cireuit that is used for get-
ting them. For cach value of plate
voltage, there is a value of negative
grid voltage that will reduce the
plate current to zero; that is, there is
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Fig. 3-6—Grid-voltage-vs.-plate-current curves at various fixed valves
af plate voltage (Ei,) for a typical small triode. Characteristic curves of
this type can be taken by varying the battery valtages in the circuit

at the right.
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cither a resistance or an impedance. The term
“impedance” is frequently  used even  when
the load is purely resistive,

Tube Characteristics

The physical construetion of a triode deter-
mines the relative effectiveness of the wrid
and plate in controlling the plate current, If a
very small change in the grid voltage has just
as muaeh effeet on the plate eurrent as o very
lurge change in plate voltage, the tube is said
to have a high amplification factor. \mplifici-
tion factor is commonly  designated by the
Greek letter po An amplification factor of 20,
for example, means that if the grid voltage is
changed by 1 volt, the effeet on the plate eur-
rent will be the sne as when the plate voltage
is changed by 20 volts, The amplifieation factors
of triode tubes range from 3 to 100 or so. A high-4
tube ix one with an amplifieation factor of per-
haps 30 or more: medium-g tubes have ampli-
fication factors in the approximate range 8 to 30,
and low-g tubes in the range below 7 or 8.

It would be natural to think that a tube
that has o large g would be the best amplifier,
but to obtain a high g it is necessary to construct
the grid with many turns of wire per ineh, or in
the form of a fine mesh, This leaves a relatively
small open area for electrons to go through to
reach the plate, so it is diffienlt for the plate to
attract large numbers of eleetrons, Quite a large
change in the plate voltage must be made to
effeet o given change in plate eurrent. This
means that the resistance of the plate-eathode
path — that is, the plate resistance — of the
tabe is high. Sinee this resistanee aets in series
with the load, the amount of current that ean
be made to flow through the load is relatively
stall. On the other hand, the plate resistance
of a low-g tube is relatively Tow,

The best all-around indication of the offeetive-
nes< of the tube as an amplifier is its grid-plate
transconductance also called mutual conduct-
ance. This characteristic takes account of hoth
amplification factor and plate resistance, and
therefore is a figure of merit for the tube, Trans-
condretanee is the change in plate eurrent divided
by the change in grid voltage that eaases the plate-
current change (the plate voltage being fixed at
adesired value ). Sincee current divided by voltage
1= conduetance, transconductance is measured in
the unit of conductance, the mhao. Practical
vidues of transeonductance are very small, so
the micromho (one-millionth of a mho) is the
commonly-used unit. Different types of tubes
have transeonductances ranging from a  few
hundred to several thousand. The higher the
transconductance the greater the possible am-
plification,

@ AMPLIFICATION

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

cirenit used for obtaining it, is shown in Fig, 3-7.
The curves are taken with the plate-supply
voltage fixed at the desired operating value, The
difference between this cireuit and the one shown
in Fig. 3-6 is that in Fig. 3-7 o lond resistance is
connected in series with the plate of the tube,
Flig. 3-7 thus shows how the plate current will
vary, with different grid voltages, when the plate
enrrent is made to flow through a load and thus
do useful work.

Grid Voltage

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

The several curves in Fig, 3-7 are for various
values of Joad resistanee. When the resistance is
small (as in the case of the 5000-0hm load) the
plate current changes rather rapidly with a
given change in grid voltage. If the load resistance
i high (as in the 100,000-0hm curve), the change
in plate current for the same grid-voltage change
is relatively small; also, the curve tends to he
straighter,

Fig, 3-8 is the same tyvpe of eurve, but with
the circutt arranged so that a souree of alternating
voltage (signal) is inserted between the grid and
the grid battery (“C” battery). The voltage of
the grid battery is fixed at —3 volts, and from
the curve it is seen that the plate current at this
grid voltage is 2 milliamperes, This current flows
when the load resistance is 50,000 ohms, as
indicated in the eireuit diagram. If there is no
a.es signal in the grid eireait, the voltage drop in
the load resistor is 50,000 X 0.002 = 100 volts,
leaving 200 volts between the plate and eathode.

When a sine-wave signal having a peak value of
2 volts ix applied in series with the bias voltage
in the grid cirenit, the instantancons voltage at
the grid will swing to —3 volts at the instant the
signal reaches its positive peak, and to —7 volts
at the instant the signal reaches its negative
peak, The maximum plate current will oceur at
the instant the grid voltage is —3 volts. As shown
by the graph, it will have a value of 2.65 milli-
amperes, The minimum plate current oceurs at
the instant the grid voltage is —7 volts, and has
a value of 1,35 ma. At intermediate values of
grid voltage, intermediate plate-current values
will oceur,

The instantaneous voltage between the plate
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Fig. 3-8—Amplifier operation. When the plate current
varies in respanse to the signal applied to the grid, a
varying voltage drap appears across the load, R, as
shown by the dashed curve, E,. I}, is the plate current.

and cathode of the tube also is shown on the
graph. When the plate current is maximum,
the instantaneous voltage drop in 2, is 50,000
% 0.00205 = 132.5 volts; when the plate eur-
rent is minimum the instantaneous voltage
drop in R, is 50,000 X 0.00135 = 67.5 volts.
The actual voltage between plate and cathode
is the difference between the plate-supply po-
tential, 300 volts, and the voltage drop in the
load resistance. The plate-to-cathode voltage
is therefore 167.5 volts at maximum plate current
and 232.5 volts at minimm plate eurrent.

This varying plate voltage is an a.c. voltage
superimposed on the steady plate-cathode poten-
tinl of 200 volts (as previously determined for
no-signal conditions). The peak value of this a.c.
output voltage is the difference between cither
the maximum or minimum plate-cathode voltage
and the no-signal value of 200 volts. In the illus-
tration this difference is 232.5 — 200 or 200 —
167.5; that is, 32.5 volts in cither ease. Sinee the
i signal voltage has a peak value of 2 volts, the
voltage-amplification ratio of the amplifier is
32.5, 2 or 16,25, That is, approximately 16 times
as much voltage is obtained from the plate circuit
as is applied to the grid cirenit.

As shown by the drawings in Fig. 3-8, the
alternating component of the plate voltage
swings in the negative direction (with reference to
the no-signal value of plate-cathode voltage)
when the grid voltage swings in the postlive
direetion, and viee versa. Thix means that the
alternating component of plate voltage (that is,
the amplified signal) is 180 degrees out of phase
with the signal voltage on the grid.

64

Bias

The fixed negative grid voltage (called grid
bias) in Fig. 3-8 serves a very useful purpose.
One object of the type of amplification shown in
this drawing is to obtain, from the plate eireuit,
an alternating voltage that has the same wave-
shape as the signal voltage applied to the grid.
To do so, an operating point on the straight part
of the curve must be seleeted. The curve must be
straight in both directions from the operating
point at least far enough to accommodate the
maximum value of the signal applied to the grid.
If the grid signal swings the plate current baek
and forth over a part of the curve that ix not
straight, as in Fig. 3-9, the shape of the a.ce
wave in the plate cireuit will not be the same as
the shape of the grid-signal wave. In such a caxe
the output wave shape will be distorted.

A second reason for using negative grid bias is
that any signal whose peak positive voltage does
not exceed the fixed negative voltage on the grid
eannot eause grid eurrent to flow. With no car-
rent flow there is no power consumption, so the
tube will amplify without taking any power from
the signal source. (However, if the positive peak
of the signal does exceed the negative bias, cur-
rent will flow in the grid cireuit during the time
the grid is positive.)

Distortion of the ontput wave shape that
results from working over a part of the eurve that
is not straight (that is, a nonlinear part of the
curve) has the effect of transforming a sine-wave
grid signal into a more complex waveform. As
explained in an earlier chapter, a complex wave
can be resolved into a fmndamental and a series
of harmonies. In other words, distortion from
nonlinearity causes the generation of harmonice
frequencies — frequeneies that are not present
in the signal applied to the grid. Harmonic dis-
tortion is undesirable in most amplifiers, although
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Fig. 3-9—Harmonic distartion resulting from choice of an

operating paint on the curved part aof the tube character-

istic. The lower half-cycle of plate current does not have
the same shape as the upper half-cycle.



Amplifier Output Circuits

there are occasions when harmonies are deliber-
ately generated and used.

Amplifier Output Circuits

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

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

In the resistance-coupled cireuit, the a.c. volt-
age developed across the plate resistor R, (that is,
the a.c. voltage between the plate and cathode of
the tube) is applicd to a second resistor, I2,,
through a coupling capacitor, (',. The eapacitor
“blocks off” the d.c. voltage on the plate of the
first tube and prevents it from being applied to
the grid of tube B. The latter tube has negative
grid bias supplied by the battery shown. No cur-
rent flows in the grid eircuit of tube B and there
is therefore no d.e. voltage drop in Rg; in other
words, the full voltage of the bias battery is
applied to the grid of tube B.

The grid resistor, R, usually has a rather high
value (0.5 to 2 megohms). The reactance of the
coupling capacitor, ., must be low enough
compared with the resistance of R so that the
a.c. voltage drop in (% is negligible at the lowest
frequency to be amplified. If R, is at least 0.5
megohm, a 0.1-uf. capacitor will be amply large
for the usual range of audio frequencies.

So far as the alternating component of plate
voltage is concerned, it will be realized that if the
voltage drop in C is negligible then R, and B,
are effectively in parallel (although they are
quite separate so far as d.c. is concerned). The
resultant parallel resistance of the two is there-
fore the actual load resistance for the tube. That
is why I2¢ is made as high in resistance as possi-
ble; then it will have the least effect on the load
represented by 2.

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

The transformer-coupled amplifier uses a trans-
former with its primary connected in the plate

TRANSFORMER COUPLING

Fig. 3-10—Three basic forms of coupling between
vacvum-tube amplifiers.

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

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

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

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

Power Amplifiers

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

Output
Transformer

Fig. 3-11 —An elementary power-amplifier circuit in which
the power-consuming load is coupled to the plate circuit
through an imgedance-matching transformer.

=k

Tig. 3-11 shows an elementary power-amplifier
cireuit. It is simply a transformer-coupled ampli-
fier with the load connected to the secondary.
Although the load is shown as a resistor, it
actually would be some device, such as a loud-
speaker, that employs the power uscfully. livery
power tube requires a speeific value of load
resistance from plate to cathode, usually some
thousands of ohms, for optimum operation. The
resistance of the actual lToad is rarely the right
value for “matching” this optimum load re-
sistance, so the transformer turns ratio is chosen
to reflect the proper value of resistance into the
primary. The turns ratio may be either step-up
or step-down, depending on whether the actual
load resistance is higher or lower than the load
the tube wants.
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The power-amplification ratio of an ampli-
fier is the ratio of the power output obtained
from the plate circuit to the power required
from the a.c. signal in the grid eireuit. There is
no power lost i the grid circuit of a Class Ay
amplifier, so such an amplifier has an infinitely
large power-amplifieation ratio, However, it is
quite possible to operate a Class A amplifier
in such a way that current flows in its grid
circuit during at least part of the eyele. In such
a case power is used up in the grid circuit and
the power amplification ratio is not infinite.
A tube operated in this fashion is known as a
Class A, amplifier. It is necessary to use a power
amplifier to drive a Class A2 amplifier, beeause a
voltage amplifier cannot deliver power without
serious distortion of the wave shape,

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

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

Parallel and Push-Pull

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

If the amplifier operates in such a way as to
consume power in the grid cireuit, the grid power
required is in proportion to the number of tubes
used.

An increase in power output also can be
secured hy connecting two tubes in push-pull.
In this ease the grids and plates of the two
tubes are connected to opposite ends of a balanced
eireuit as shown in Fig. 3-12. At any instant the
ends of the secondary winding of the input
transformer, T3, will be at opposite polarity
with respect to the cathode connection, so the
grid of one tube is swung positive at the same
instant that the grid of the other is swung
negative. Hence, in any push-pull-conneeted
amplifier the voltages and currents of one tube
are out of phase with those of the other tube.



Class B Amplifiers

PUSH-PULL

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

In push-pull operation the even-harmonie
(second, fourth, ete.) distortion is balanced out
in the plate circuit. This means that for the
same power output the distortion will be less
than with parallel operation.

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

Cascade Amplifiers

1t is readily possible to take the output of one
amplifier and apply it as a signal on the grid of
a sccond amplifier, then take the sccond ampli-
fier’s output and apply it to a third, and so on.
Sach amplifier is ealled a stage, and stages used
succeessively are said to be in cascade,

Class B Amplifiers

Fig. 3-13 shows two tubes conneeted in a
push-pull cireuit. If the grid bias is sct at the
point where (when no signal is applied) the
plate current is just cut off, then a signal ean
cause plate eurrent to flow in either tube only
when the signal voltage applied to that particular
tube is positive with respeet to the eathode. Since
in the balaneced grid cireuit the signal voltages on
the grids of the two tubes always have opposite
polarities, plate eurrent flows only in one tube at
a time.

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

The Class 3 amplifier has considerably higher
plate efficieney than the Class A amplifier. Fur-

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

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

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

Class B amplifiers used at radio frequencies
are known as linear amplifiers because they are
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Fig. 3-13—Class B amplifier operation.
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adjusted to operate in such a way that the power
output is proportional to the square of the r.f.
exciting voltage. This permits amplification of
a modulated r.f. signal without distortion. ’ush-
pull is not required in this type of operation; a
single tube can be used equally well.

Class AB Amplifiers

A Class AB amplifier ix a push-pull amplifier
with higher bias than would be normal for pure
Class A operation, but less than the cut-off
bias required for Class B. At low signal levels
the tubes operate practically as Class .\ am-
plitiers, and the plate current is the same with or
without signal. At higher signal levels, the plate
current of one tube is eut off during part of the
negative evele of the signal applied to its grid,
and the plate current of the other tube rises w ith
the signal. The plate current for the whole
amplifier also rises above the no-signal level
when a large signal is applied.

In a properly designed Class AB amplifier
the distortion ix as low as with a Class A stage,
but the efficiency and power output are con-
siderably higher than with pure Class .\ opera-
tion. A Class AB amplifier can be operated
cither with or without driving the grids into
the positive region. A Class AB, amplifier is
one in which the grids are never positive with
respeet to the eathode: therefore, no driving
power is required — only voltage. A Class AB:
amplifier is one that has grid-current flow during
part of the cycle if the applied signal is large;
it takes a small amount of driving power. The
Class AI3e amplifier will deliver somewhat more
power (using the same tubes) but the Class ABy
amplifier avoids the problem of designing a driver
that will deliver power, without distortion, into
a load of highly variable resistance.

Operating Angle

Inspection of Fig. 3-13 shows that cither of
the two tubes actually is working for only half
the a.c. evele and idling during the other half.
It is convenient to deseribe the amount of time
during which plate current flows in terms of
clectrical degrees. In Fig. 3-13 each tube has
«“180-degree’” exeitation, a half-cyele being equal
to 180 degrees. The number of degrees during
which plate current flows is called the operating
angle of the amplifier. From the descriptions
given above, it should be clear that a Class .\
amplifier has 360-degree excitation, because plate
current flows during the whole eycle. In a Class
A amplifier the operating angle is between 180
and 360 degrees (in each tube) depending on the
particular operating conditions chosen. The
greater the amount of negative grid bias, the
smaller the operating angle becomes.

An operating angle of less than 180 degrees
leads to a considerable amount of distortion,
beeause there is no way for the tube to reproduce
even a half-evele of the signal on its grid. Using,
two tubes in push-pull, as in Tig. 3-13, would
merely put together two distorted  half-cyeles.
An operating angle of less than 180 degrees
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therefore cannot be used if distortionless output
is wanted.
Class C Amplifiers

In power amplifiers operating at radio fre-
quencies distortion of the r.f. wave form is rela-
tively unimportant. For reasons deseribed fater
in this chapter, an r.f. amplifier must be operated
with tuned cireuits, and the selectivity of such
circuits “filters out” the r.f. harmonics resulting
from distortion.

A radio-frequency  power amplifier therefore
can be used with an operating angle of less than
180 degrees. This is called Class C operation. The
advantage is that the plate efficiency s in-
ereased, because the loss in the plate is propor-
tional, among other things, to the amount of
time during which the plate current flows, and this
time is reduced by decreasing the operating angle.

Depending on the type of tube, the optimum
load resistance for a Class C amplifier ranges
from about 1500 to 5000 ohms. 1t is usually
secured by using tuned-circuit arrangements, of
the type described in the chapter on circuit
fundamentals, to transform the resistance of the
actual load to the value required by the tubc.
The grid is driven well into the positive region,
so that grid current flows and power is eonsumed
in the grid circuit. The smaller the operating
angle, the greater the driving voltage and the
larger the grid driving power required to develop
full output in the load resistance. The hest com-
promise between driving power, plate efficiency,
and power output usually results w hen the
minimum plate voltage (at the peak of the driv-
ing eyele, when the plate current reaches its high-
est value) is just equal to the peak positive grid
voltage. Under these conditions the operating
angle is usually between 150 and 180 degrees and
the plate efficiency lies in the range of 70 to 80
percent. While higher plate efficiencies are pos-
sible, attaining them requires excessive driving
power and grid bias, together with higher plate
voltage than is “normal” for the particular tube
tyvpe.

With proper design and adjustment, a Class ¢
amplifier can be made to operate in such a way
that the power input and output are proport ional
to the square of the applied plate voltage. This is
an important consideration when the amplifier is
to be plate-modulated for radiotelephony, as
deseribed in the chapter on amplitude modula-
tion.

@ FEEDBACK

It is possible to take a part of the amplified
energy in the plate circuit of an amplifier and
insert it into the grid circuit. When this is done
the amplifier is said to have feedback.

If the voltage that is inserted in the grid cir-
cuit is 180 degrees out of phase with the signad
voltage acting on the grid, the feedback is called
negative, or degenerative. On the other hand, if
the voltage is fed back in phase with the grid
signal, the feedback ix called positive, or re-
generative.



Feedback

Negative Feedback

With negative feedback the voltage that is fed
back opposes the signal voltage. This decreases
the amplitude of the voltage acting between the
grid and cathode and thus has the effect of reduc-~
ing the voltage amplification. That is, a larger
exciting voltage is required for obtaining the
same output voltage from the plate cireuit.

The greater the amount of negative feedback
(when properly applied) the more independent
the amplification becomes of tube characteristics
and circuit conditions. This tends to make the
frequency-response characteristic of the amplifier
flat — that is, the amplification tends to be the
same at all frequencies within the range for
which the amplifier is designed. Also, any distor-
tion generated in the plate circuit of the tube
tends to “buck itself out.” Amplifiers with nega-
tive feedback are therefore comparatively free
from harmonie distortion. These advantages are
worth while if the amplifier otherwise has enough
voltage gain for its intended use.

Signa! @ l:*|'

Fig. 3-14—Simgle circuits for producing feedback.

In the cireuit shown at A in Fig. 3-14 resistor
R. is in series with the regular plate resistor, Rp,
and thus is a part of the load for the tube. There-
fore, part of the output voltage will appear across
R.. Ilowever, . also is connected in series with
the grid circuit, and so the output voltage that
appears across . is in series with the signal
voltage. The output voltage across R. opposes
the signal voltage, so the actual a.c. voltage
between the grid and cathode is equal to the
difference between the two voltages.

The cireuit shown at BB in Fig. 3-14 can be used
to give either negative or positive feedback. The
secondary of a transformer is connected back
into the grid eircuit to insert a desired amount of
feedback voltage. Reversing the terminals of
either transformer winding (but not both simul-
tancously) will reverse the phase.

Positive Feedback

Positive feedback increases the amplification
because the feedback voltage adds to the original

signal voltage and the resulting larger voltage on
the grid causes a larger output voltage. The
amplification tends to be greatest at one fre-
quency (which depends upon the particular eir-
cuit arrangement) and harmonic distortion is
increased. If enough energy is fed back, a self-
sustaining oscillation — in which energy at essen-
tially one frequency is generated by the tube
itself — will be set up. In such case all the signal
voltage on the grid ean be supplied from the
plate circuit; no external signal is needed because
any small irregularity in the plate current — and
there are always some such irregularities — will
be amplified and thus give the oscillation an
opportunity to build up. Positive feedback finds
a major application in such “oscillators,” and in
addition is used for selective amplification at hoth
audio and radio frequencies, the feedback being
kept below the value that causes self-oseillation.

@ INTERELECTRODE CAPACITANCES

Each pair of elements in a tube forms a small
capacitor, with each element acting as a capac-
itor “plate.”” There are three such eapacitances
in a triode — that between the grid and cathode,
that between the grid and plate, and that be-
tween the plate and cathode. The capacitances
are very small — only a few micromicrofarads at
most — but they frequently have a very pro-
nounced effect on the operation of an amplifier
circuit.

Input Capacitance

It was explained previously that the a.c. grid
voltage and a.c. plate voltage of an amplifier
having a resistive lond are 180 degrees out of
phase, using the cathode of the tube as a reference
point. Ilowever, these two voltages are in phase
going around the circuit from plate to grid as
shown in Fig. 3-15. This means that their sum is
acting between the grid and plate; that is, across
the grid-plate capacitance of the tube.

As a result, a capacitive current flows around
the eircuit, its amplitude being directly propor-
tional to the sum of the a.c. grid and plate
voltages and to the grid-plate capacitance. The
source of grid signal must furnish this amount of
current, in addition to the capacitive current that
flows in the grid-eathode eapacitance. lence the
signal source “secs” an effective eapacitance that
is larger than the grid-cathode capacitance. This
is known as the Miller Effect.

Fig. 3-15—The o.c. voltage appearing between the grid

‘and plate of the amplifier is the sum of the signal voltage

and the output voltage, as shown by this simplified circuit.
Instantaneous polarities are indicated.
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The greater the voltage amplification  the
greater the effective input sapacitance, The input
eapacitance of a resistance-coupled amplifier is
given by the formula

(‘inlml = Cuk + ('uzp(-/1 + ])

where (i is the grid-to-cathode capacitance,
(', is the grid-to-plate capacitance, and A is the
voltage amplification. The input capacitance may
he as much as several hundred micromierofarads
when the voltage amplification is large, even
though the interclectrode capacitances are quite
small.

Output Capacitance

The principal component of the output ca-
pacitance of an amplifier is the actual plate-to-
cathode capacitance of the tube. The output
capacitance usually need not be considered in
audio amplifiers, but becomes of importance at
radio frequencies.

Tube Capacitance at R.F.

At radio frequencies the reactances of even
very small interelectrode capacitances drop to
very low values. A resistance-coupled amplifier
gives very little amplification at r.f., for example,
heeause the reactances of the interelectrode “ea-
pacitors’” are so low that theyv practically short-
cireuit the input and output eireuits and thus the
tube is unable to amplify. This is overcome at
radio frequencies by using tuned cireuits for the
grid and plate, making the tube capaeitances part
of the tuning eapacitances. In this way the cir-
cuits ean have the high resistive impedances nee-
essary for satisfactory amplification.

The grid-plate capacitance is important at
radio frequencies beeause its reactanee, relatively
low at L., offers a path over which energy can be
fed back from the plate to the grid. In practically
every ease the feedback is in the right phase and
of sufficient amplitude to cause self-oscillation, so
the circuit hecomes useless as an amplifier.

Npecial “neutralizing” ¢ireuits ean be used to
prevent feedback but they are, in general, not
too satisfactory when used in radio reecivers,
They are, however, used in transmitters.

@ SCREEN-GRID TUBES

The grid-plate capacitance can be reduced to a
negligible value by inserting a seeond grid be-
tween the control grid and the plate, as indicated
in g, 3-16. The second grid, ealled the screen
grid, acts as an electrostatic shield to prevent
capacitive coupling between the control grid and
plate. 1t is made in the form of a grid or coarse
sereen so that electrons ean pass through it

Because of the shiclding action of the sereen
grid, the positively charged plate cannot attract
clectrons Irom the cathode as it does in a triode.
In order to get clectrons to the plate, it is
necessary to apply a positive voltage (with
respect to the cathode) to the sereen. The screen
then attracts eleetrons mueh as does the plate in
a triode tube. In traveling toward the screen the
cleetrons acquire such velocity that most of them
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Fig. 3-16—Representative arrangement af elements in a
screen-grid tetrade, with part of plate and screen cut
away. This is “single-ended” canstructian with a buttan
base, typical aof miniature receiving tubes. Ta reduce
capacitance between cantral grid and plate the leads
fram these elements are braught aut at appasite sides;
actual tubes prabably wauld have additianal shielding
between these leads.

shoot between the screen wires and then are
attracted to the plate. A certain proportion do
strike the sereen, however, with the result that
sone current also flows in the sereen-grid eireuit.

To be a good shield, the sereen grid must be
conneeted to the cathode through a cireuit that
has low impedance at the frequency being ampli-
fied. A bypass capacitor from screen grid to
eathode, having a reactance of not more than a
few hundred ohms, is generally used.

A tube having a cathode, control grid, sereen
grid and plate (four elements) is called a tetrode.

Pentodes

When an clectron traveling at appreciable
velocity through a tube strikes the plate it dis-
lodges other electrons which “splash”” from the
plate into the interclement space. This is called
secondary emission. In a triode the negative grid
repels the secondary electrons back into the plate
and they eause no disturbance. In the sereen-grid
tube, however, the positively charged sereen
attracts the secondary cleetrons, causing a re-
vorse ewrent to flow hetween sereen and plate.

To overcome the effects of secondary emission,
a third grid, called the suppressor grid, may be
inserted between the sereen and plate. This grid
aets as a shield between the sereen grid and plate
so the secondary cleetrons cannot he attracted
by the sercen grid. They are henee attracted back
to the plate without appreciably obstructing the
regular plate-current How, A five-clement tube of
this type is called o pentode.

Although the sereen grid in either the tetrode
or pentode greatly reduces the influcnce of the
plate upon plate-current flow, the control grid
still can control the plate eurrent in essentially
the same way that it does in a triode. Conse-
quently, the grid-plate transconductance (or
mutual conductance) of a tetrode or pentode will
be of the same order of value as in a triode of cor-



Screen-Grid Tubes

responding structure. On the other hand, since
a change in 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. In small receiving pentodes the
amplification factor is of the order of 1000 or
higher, while the plate resistance may be from
0.5 to 1 or more megohms. Because of the high
plate resistance, the actual voltage amplification
possible with a pentode is very much less than
the large amplification factor might indicate. A
voltage gain in the vicinity of 50 to 200 is typical
of a pentode stage.

In practical screen-grid tubes the grid-plate
capacitance is only a small fraction of a miero-
microfarad. This eapacitance is too small to cause
an appreeiable inerease in input capacitance as
deseribed in the preceding section, so the input
apacitance of a sereen-grid tube is simply the
sum of its grid-cathode capucitance and control-
grid-to-sereen  eapacitance. The output capaci-
tance of o sereen-grid tube is equal to the capaci-
tance between the plate and sereen.

In addition to their applications as radio-
frequency amplifiers, pentodes or tetrodes also
are used for audio-frequency power amplifieation.
In tubes designed for this purpose the chief fune-
tion of the sereen is to serve as an aceclerator of
the cleetrons, so that large values of plate current
can be drawn at relatively low plate voltages.
Such tubes have quite high power sensitivity
compared with triodes of the same power output,
although harmonie distortion i< somewhat greater,

Beam Tubes

-\ beam tetrode is a four-element screen-grid
tube constructed in such a way that the clectrons
are formed into coneentrated beams on their way
to the plate. Additional design features overcome
the effects of secondary emission so that a sup-
pressor grid is not needed. The “beam’ con-
struction makes it possible to draw large plate
currents at relatively low plate voltages, and
increases the power sensitivity.

For power amplification at both audio and
radio frequencies beam tetrodes have largely
supplanted the non-heam tyvpes beeause large
power outputs can be secured with very small
amounts of grid driving power.

Variable-; Tubes

The mutual conductance of a vacuum tube
decreases when its grid bias is made more negi-
tive, assuming that the other electrode voltages
are held constant. Since the mutual conductance
controls the amount of amplification, it is possible
to adjust the gain of the amplifier by adjusting
the grid bias. This method of gain control is uni-
versally used in radio-frequency amplifiers de-
signed for receivers.

The ordinary type of tube has what is known
as a sharp-cutoff characteristic. The mutual
conductance decreases at a uniform rate as the
negative bias is increased. The amount of signal
voltage that sueh a tube c¢an handle without
causing distortion is not sufficient to take care of

very strong signals. To overccme this, some tuhes
are made with a variable-u characteristic — that
i5, the amplification factor decreases with inerems-
ing grid bias. The variable-x tube can handle a
much larger signal than the sharp-cutoff type
before the signal swings cither heyond the zero
grid-bias point or the plate-current eutoff point.

@ INPUT AND OUTPUT IMPEDANCES

The input impedance of & vacuum-tube ampli-
fier is the impedance “seen” by the signal source
when connected to the input terminals of the
amplifier, In the types of amplifiers previously
discussed, the input impedance is the impedance
measured between the grid and eathode of the
tube with operating voltages applied. At audio
frequencies the input impedance of o Class Y
amplifier is for all practical purposes the input
:apacitance of the stage. If the tube is driven into
the grid-current region there is in addition a re-
sistance component in the input impedanee, the
resistince having an average value cqual to K2, r,
where £ is the r.mus. driving voltage and £ is the
power in watts consumed in the grid. The re-
sistance usually will vary during the wa.c. evele
because grid current may flow only during part
of the cycle; also, the grid-voltage grid-current
charaeteristic is seldom linear.

The output impedance of amplifiers of this
type consists of the plate resistance of the tube
shunted by the output eapacitance.

At radio frequencies, when tuned circuits are
employed, the input and output impedances are
nsually pure resistances: any reactive components
are “tuncd out” in the process of adjusting the
eirenits to resonance at the operating frequency.

. OTHER TYPES OF AMPLIFIERS

In the amplifier cireuits so far discussed, the
signal has been applied between the grid and
cathode and the amplified output has been taken
from the plate-to-cathode cireuit. That is, the
cathode has been the meeting point for the input
and output eireuits. llowever, it is possible to use
any one of the three principal elements as the
common point. This leads to two additional kinds
of amplifiers, commonly ealled the grounded-grid
amplifier (or grid-separation circuit) and the
cathode follower.

These two cireuits are shown in simplified form
in Fig. 3-17. In both eireuits the resistor R repre-
sents the load into which the amplitier works;
the actual load may be resistanee-capacitancoe-
coupled, transformer-coupled, may be a tuned
cireuit if the amplitier operates at radio fre-
quencies, and so on, Also, in both eircuits the
batteries that supply grid bias and plate power
are assumed to have such negligible impedance
that they do not enter into the operation of the
cireuits.

Grounded-Grid Amplifier

In the grounded-grid amplifier the input signal
is applied between the cathode and grid, and the
output is taken between the plate and grid. The
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Fig. 3-17—In the
upper circuit, the
grid is the junction
point between the
input ond output
circuits. In the lower
drawing, the plote
is the junction. In
either case the out-
put is developed in
the load resistor,
R, ond moy be
coupled to a fol-
lowing amplifier by
the usual methods.

CATHODE FOLLOWER

grid is thus the common element, The a.e. com-
ponent of the plate carrent has to flow through
the signal source to reach the eathode. The
source of signal is in series with the load through
the  plate-to-cathode  resistance of  the  tube,
<o some of the power in the load is supplied
by the signal source. In transmitting applications
this fed-through power is of the order of 10 per
cent of the total power output, using tubes suit-
able for grounded-grid servive,

The input impedance of the grounded-grid
amplifier consist= of a capacitanee in parallel with
an cquivalent resistanee representing the power
furnished by the driving source to the grid and o
the lowd. This resistance is of the order of a few
hundred ohms. The output impedance, neglecting
the interelectrode eapaeitances, is equal to the
plate resistanee of the tube. This ix the sume as
in the ense of the grounded-cathode amplifier.

The grounded-grid amplifier is widely used
at v.h.f. and w.h.f., where the more conventional
amplifier cirenit fails to work properly. With a
triode tube designed for this type of operation,
an r.f. amplifier can be built that is free from the
type of feedback that eauses oscillation. This
requires that the grid act as a shield between the
eathode and plate, reducing the plate-cathode
capacitance to a very low value.

Cathode Follower

The eathode follower uses the plate
of the tube as the common element,
The input signal is applied between
the grid and plate (assuming negligible
impedance in the batteries) and the
output is taken between eathode and
plate. This cirenit is degenerative: in

Animportant feature of the cathode follower is
its low output impedance, which is given by the
formula (negleeting interelectrode capacitances)

r,L
14+ u

where 7, is the tube plate resistance and p is the
amplifieation factor. Low output impedance is a
valuable characteristic in an amplifier designed
to cover 5 wide band of frequencies. In addition,
the input capacitance is only a fraction of
the grid-to-cathode eapacitance of the tube, a
fouture of further benefit in a wide-band ampli-
fier. The eathode follower is useful as a step-down
impedance transformer, since  the input im-
pedanee is high and the output impedance is low,

Zout =

. CATHODE CIRCUITS AND GRID BIAS

Most of the equipment used by amateurs is
powered by the a.e. line. This includes the fila-
ments or heaters of vacuum tubes. Although
supplies for the plate (and sometimes the grid)
are usually rectified and filtered to give pure d.c.
— that is, direct current that is constant and
without a superimposed a.c. component — the
relatively large currents required by filaments
and heaters usually make a rectifier-type d.e.
supply impracticable.

Filament Hum

\lternating eurrent is just as good as direct
current from the heating standpoint, but some of
the a.e. voltage is likely to get on the grid and
cause a low-piteched “a.e. hum” to be superim-
posed on the output.

Ium troubles are worst with directly-heated
eathodes or filaments, beeause with sueh eathodes
there has to be a direct conneetion between the
source of heating power and the rest of the cir-
cuit. The hum can be minimized by either of the
connections shown in Iig. 3-18. In both eases the
grid- and plate-return cireuits are connected to
the electricnl midpoint (center tap) of the fila-
ment supply. Thus, so far as the grid and plate
are coneerned, the voltage and current on one
side of the filament are balanced by an equal and
opposite voltage and current on the other side.
The balance is never quite perfeet, however, so
filament-type tubes are never completely hum-
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faet, all of the output voltage is fed KI i —¢Y\A—

ke R v Areut i L GRID PLATE
hack into the input (ll‘Lll'lt‘ out of o I PLATE ReTen T RETGRN
phase with the grid signal. The input  Return 2 RETURN it ,LJ"
signal therefore has to be larger than < Cz2

the output voltage: that is, the eath-
ode follower gives o loss in voltage,
although it gives the same power gain
as other cireuits under equivalent op-
erating conditions.

72

r”__?‘w

Fig. 3-18—Filoment center-tapping methods for use with directly

heated tubes,



Cathode Circuits and Grid Bias

free. For this reason directly-heated filaments are
employed for the most part in power tubes,
where the amount of hum introduced is ex-
tremely small in comparison with the power-
output level.

With indirectly heated cathodes the chief
problem is the magnetic field set up by the heater.
Occasionally, also, there is leakage between the
heater and cathode, allowing a small a.c. voltage
to get to the grid. If hum appears, grounding one
side of the heater supply usually will help to
reduce it, although sometimes better results are
obtained if the heater supply is center-tapped
and the center-tap grounded, as in Fig. 3-18.

Cathode Bias

In the simplified amplifier circuits discussed in
this chapter, grid bias has been supplied by a bat-
tery. Iowever, in equipment that eperates from
the power line cathode bias is very frequently
used.

The eathode-bias method uses a resistor (cath-
ode resistor) conneeted in series with the eathode,
as shown at I in Fig. 3-19. The direction of pl: we-
current flow is such that the end of the resistor
ncarest the cathode is positive. The voltage drop

Fig. 3-19—Cathode biasing. R is the cathode resistor and
C is the cathode bypass capacitor.

across [ therefore places a m'yuliuc voltage on
the grid. This negative bias is obtained from
the steady d.e. plate current.

If the alternating component of plate current
flows through £ when the tube is amplifying, the
voltage drop caused by the a.c. will be degenera-~
tive (note the similarity between this circuit and
that of Fig. 3-14A). To prevent this the resistor
is bypassed by a ecapacitor, €, that has very
low reactance compared with the resistance of 12,
Depending on the type of tube and the particular
kind of operation, £ may be between about 100
and 3000 ohms. For good bypassing at the low
audio frequencies, € should be 10 to 50 micro-
farads  (eleetrolytic capacitors are used for this
purpose). At radio frequencies, eapacitances of
about 100 guf. to 0.1 wf, are used; the small
values are sufficient at very high frequencies and
the largest at low and medium frequencies. In
the range 3 to 30 megacycles a capaeitance of
0.01 uf. is satisfactory.

The value of cathode resistor for an amplifier
having negligible d.e. resistance in its plate cir-
cuit  (transformer or impedance coupled) ean
casily be caleulated from the known operating
conditions of the tube. The proper grid bias
and plate current always are specified by the
manufacturer. Knowing these, the required re-
sistance can be found by applyving Ohn's Law.

Example: It is found from tube tables that the
tube to be used should have a negative grid bias
of 8 volts and that at this bias the plate current
will be 12 milliamperes (0.012 amp.). The re-
quired cathode resistance is then

E 8

=— = —— = 667 ohms.
I 0.012

The nearest standard value, 680 ohms, would be
close enough. The power used in the resistor is

P = EI =8 X 0012 = 0.096 watt.

A Y4-watt or J4-watt resistor would have ample
rating.

The current that flows through £ is the total
cathode current. In an ordinary triode amphhcr
this is the same as the plate current, but in a
sereen-grid tube the eathode current is the sum of
the plate and sereen currents, lence these two
currents must be added when ealeulating the
value of cathode resistor required for a screen-
grid tube,

Exatple: A receiving pentode requires 3 volts
negative bias, At this bias and the reeommended
plate and sereen voltages, its plate current is 9
ma, and its sereen eurrent is 2 ma, The cathode
current is therefore 11 ma. (0.011 amp.). The
required resistance is

= ll = ——3 = 272 ohms.
I 0011

A 270-ohm resistor would be satisfactory. The
power in the resistor is

P = EI =3 X 001t = 0.033 watt.

The eathode-resistor method of binsing is self-
regulating, beeause if the tube characteristics
vary slightly from the published values (as they
do in practice) the bias will increase if the plate
current is slightly high, or deerease if it is slight v
low. Thix tends to hold the plate current at the
proper value.

Caleulntion of the cathode resistor for a re-
sistance-coupled amplifier is ordinarily not prae-
ticable by the method deseribed above, because
the plate eurrent in such an amplifier is usually
much smaller than the rated value given in the
tube tables, However, representative data for the
tubes commonly used as  resistance-coupled
amplificrs are given in the chapter on audio
amplifiers, including eathode-resistor values.

‘“Contact Potential’’ Bias

In the absence of any negative bias voltage on
the grid of a tube, some of the electrons in the
space charge will have enough veloeity to reach
the grid. This causes a small current (of the order
of microamperes) to flow in the external ecireuit
between the grid and eathode. If the current is
made to flow through a high resistance — a meg-
ohm or so — the resulting voltage drop in the
resistor will give the grid o negative bias of the
order of one volt. The bias so obtained is ealled
contact-potential bias,

Contact-potential bias can be used to advan-
tage in circuits opcmting at low signal levels (less
than one volt peak) since it climinates the eath-
ode-bias resistor and l)\'pa.v eapacitor. It is prin-
cipally used in low-level resistance-coupled audio
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amplifiers. The bias resistor is connected directly
hetween grid and eathode, and must be isolated
from the signal source by a blocking capacitor.

Screen Supply

In practical circuits using tetrodes and pen-
todes the voltage for the screen frequently is
taken from the plate supply through a resistor. A
typical circuit for an r.f. amplifier is shown in
Fig. 3-20. Resistor R is the screen dropping
resistor, and (' is the screen bypass capacitor.
In flowing through I, the sereen current causes
a voltage drop in R that reduces the plate-supply
voltage to the proper value for the sereen. When
the plate-supply voltage and the sereen current
are known, the value of R can be calculated from
Ohm’s Law.

Example: An r.f. recciving pentode has a rated
screen current of 2 milliamperes (0.002 amp.) at
normal operating conditions. The rated screen
voltage is 100 volts, and the plate supply gives
250 volts. To put 100 volts on the sereen, the
drop across I2 must be equal to the difference
between the plate-supply voltage and the sereen
voltage; that is, 250 — 100 = 150 volts. Then

R = & 05 75,000 ohms.
I 0.002

The power to be dissipated in the resistor is

™=

s\

Signal

1 ’LTl 3]

Plote Voltage 2

Fig. 3-20—Screen-voltage supply for a pentode tube

through a dropping resistor, R. The screen bypass

capacitor, C, must have low enough reactance to bring

the screen to ground potential for the frequency or
frequencies being amplified.

P = EI =150 X 0.002 = 0.3 watt.
A 14- or l-watt resistor would be satisfactory.

The reactance of the sereen bypass capacitor,
C, should be low compared with the screen-to-
cathode impedance. For radio-frequency applica-
tions a capacitance in the vieinity of 0.01 uf. is
amply large.

In some vacuum-tube circuits the sereen volt-
age is obtained from a voltage divider connected
across the plate supply. The design of voltage
dividers is discussed at length in Chapter 7 on
Power Supplies.

Oscillators

1t was mentioned earlier that if shere is enough
positive feedback in an amplifier cireuit, self-
sustaining oscillations will be set up. When an
amplifier is arranged so that this condition exists
it is called an oscillator.

Oscillations normally take place at only one
frequency, and a desired frequency of oscillation
-an be obtained by using a resonant circuit tuned
to that frequency. For example, in Fig. 3-21.\
the cireuit LC is tuned to the desired frequency
of oscillation. The eathode of the tube is con-
nected to a tap on coil L and the grid and plate
are connected to opposite ends of the tuned cir-
cuit. When an rf. curvent flows in the tuned
cireuit there is a voltage drop across L that in-
creases progressively along the turns. Thus the
point at which the tap is connected will be at an
intermediate potential with respect to the two
ends of the coil. The amplified current in the plate
cireuit, which flows through the bottom seetion of
L, is in phase with the current already flowing in
the eireuit and thus in the proper relationship for
positive feedback.

The amount of feedback depends on the posi-
tion of the tap. If the tap is too near the grid end
the voltage drop between grid and cathode is too
small to give enough feedback to sustain oseilla-
tion, and if it is too near the plate end the im-
pedance between the cathode and plate is too
small to permit good amplification. Maximum
feedback usually is obtained when the tap is
somewhere near the center of the coil.
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The cireuit of Fig. 3-21\ is parallel-fed, 5,
being the blocking capacitor. The value of (4,
is not eritical so long as its reactance is low (not
more than a few hundred ohms) at the operating
frequency.

Capacitor C, is the grid capacitor. Tt and E,
(the grid leak) are used for the purpose of ob-

. (A)

Plote Volioge

RFC
, (R

Plate Voltoge
—0-

COLPITTS CIRCUIT

Fig. 3-21—8Basic oscillator circuits. Feedback voltage is

obtained by tapping the grid and cathode across a portion

of the tuned circuit. In the Hartley circuit the tap is on the

coil, but in the Colgitts circuit the voltage is obtained from
the drop across a capacitor.



Oscillators

taining grid bias for the tube. In most oscillator
circuits the tube generates its own bias. During
the part of the evele when the grid is positive
with respeet to the cathode, it attracts electrons.
These clectrons cannot flow through L back to
the cathode beeause C, “blocks™ direct current.
They therefore have to flow or “leak” through
Ry to cathode, and in doing so cause a voltage
drop in R, that places a negative bias on the
grid. The amount of bias so developed is equal
to the grid current multiplied by the resistance
of R, (Ohm's Law). The value of grid-leak
resistance required depends upon the kind of
tube used and the purpose for which the oseil-
lator is intended. Values range all the way from a
few thousand to several hundred thousand ohms,
The capacitance of €'y should be large enough to
have low reactance (a few hundred ohms) at the
operating frequency,

The ecireuit shown at I3 in Fig, 3-21 uses the
voltage drops across two capacitors in series in
the tuned cireuit to supply the feedback. Other
than this, the operation is the same as just
deseribed. The feedback can be varied by vary-
ing the ratio of the reactances of Cyand Cq (that
is, by varving the ratio of their capacitances).

Another type of oscillator, called the tuned-
plate tuned-grid circuit, is shown in IMig. 3-22.

Cp

N

,_J.' Piate

Voltage

Fig. 3-22—The tuned-plate tuned-grid oscillator.

Resonant circuits tuned approximately to the
same frequeney are connected between grid and
cathode and between plate and cathode, The two
coils, Ly and Lg, are not magnetically coupled.
The feedback is through the grid-plate capaci-
tance of the tube, and will be in the right phase
to be positive when the plate cireuit, (‘oLg, is
tuned to a slightly higher frequency than the
grid cireait, L;C). The amount of feedback can
be adjusted by varying the tuning of cither cir-
cuit. The frequency of oscillation is determined
by the tuned circuit that has the higher ). The
grid leak and grid ecapacitor have the same
funetions as in the other eircuits. In this case it is
convenient to use series feed for the plate cireuit,
so Cp is a bypass capacitor to guide the r.f.
current around the plate supply.

There are many oscillator cireuits (examples of
others will be found in later chapters) but the
hasice feature of all of them is that there is posi-
tive feedback in the proper amplitude and phase
to sustain oscillation,

Oscillator Operating Characteristics

When an oscillator is delivering power to a
load, the adjustment for proper feedback will
depend on how heavily the oscillator is loaded
— that is, how much power is being taken from

the circuit. If the feedback is not large enough —
grid excitation too small —a small increase in
load may tend to throw the circuit out of oscilla-
tion. On the other hand, too much feedback
will make the grid current excessively high,
with the result that the power loss in the grid
cirenit becomes larger than neeessary, Since the
oscillator itself supplies this grid power, excessive
feedback lowers the over-all efficieney because
whatever power is used in the grid circuit is not
available as useful output.

One of the most important considerations in
oscillator design is frequency stability. The prin-
cipal factors that cause a change in frequency are
(1) temperature, (2) plate voltage, (3) loading,
(4) mechanical variations of eircuit elements,
Temperature changes will cause vacuum-tube
elements to expand or contract slightly, thus
causing variations in the interelectrode ca-
pacitances. Since these are unavoidably part
of the tuned circuit, the frequency will change
correspondingly. Temperature changes in the coil
or the tuning capacitor will alter the inductance
or capacitance slightly, again causing a shift in
the resonant frequency. These effects are rela-
tively slow in operation, and the frequency
change caused by them is called drift.

A change in plate voltage usually will cause
the frequency to change a small amount, an
effect called dynamic instability. Dynamie in-
stability can be reduced by using a tuned ecireuit
of high effective Q. The energy taken from the
circuit to supply grid losses, as well as energy
supplied to a load, represent an increase in the
effective resistance of the tuned cireuit and thus
lower its (). For highest stability, therefore, the
coupling between the tuned circuit and the tube
and load must be kept as loose as possible. Pref-
erably, the oscillator should not be required to
deliver power to an external cireuit, and a high
value of grid leak resistance should be used since
this helps to raise the tube grid and plate resist-
ances as seen by the tuned cireuit. Loose coupling
ean be effected in a variety of ways — one, for
example, is by “tapping down” on the tank for
the connections to the grid and plate. This is
done in the “series-tuned”  Colpitts  eircuit
widely used in variable-frequeney oscillators for
amateur transmitters and deseribed in a later
chapter. Alternatively, the L/C ratio may be
made as small as possible while sustaining stable
oscillation (high C) with the grid and plate con-
nected to the ends of the circuit as shown in
Figs. 3-21 and 3-22. Using relatively high plate
voltage and low plate current also is desirable,

In general, dynamie stability will be at maxi-
mum when the feedback is adjusted to the least
value that permits reliable oscillation. The use
of a tube having a high value of transconductance
is desirable, since the higher the transconduetance
the looser the permissible coupling to the tuned
cireuit and the smaller the feedback required.

Load variations act in much the same way as
plate-voltage variations. A temperature change
in the load may also result in drift.

Mechanical variations, usually caused by
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vibration, cause changes in inductance and/
or eapacitance that in turn cause the frequency
to “wobble” in step with the vibration.

Methods of minimizing frequency variations
in oscillators are taken up in detail in later
chapters.

Ground Point

In the oscillator circeuits shown in Figs. 3-21
and 3-22 the eathode is connected to ground.
It is not actually cssential that the radio-
frequency civeuit should be grounded at the
cathode; in faet, there are many times when
an .. ground on some other point in the cireuit
is desirable, The r.f. ground can be placed at
any point so long as proper provisions are
made for feeding the supply voltages to the
tube elements,

Fig. 3-23 shows the Ilartley cireuit with the
plate end of the cirenit grounded. No r.f. choke is
needed in the plate eireuit beeause the plate al-
ready is at ground potential and there is no r.f.
to choke off All that is necessary is a by pass
capacitor, Ch, across the plate supply. Direct

Clipping

Vacuum tubes e readily adaptable to other
types of operation than ordinary (without sub-
stantial distortion) amplification and the genera-
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tion of single-frequency oscillations. Of particular
interest is the clipper or limiter cireuit, heeause
of its several applications in receiving and other
cquipment,

Diode Clipper Circuits

Basie diode clipper cireuits are shown in Tig.
3-21. In the series type a positive d.e. bias volt-
age is applied to the plate of the diode so it is
normally conducting. When a signal is applied
the current through the diode will change pro-
portionately during the time the signal voltage is
positive at the diode plate and for that part of
the negative half of the signal during which the
instantancous voltage does not exceed the bias.
When the negative signal voltage exceeds the
positive bias the resultant voltage at the diode
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OUTPUT  Fig. 3-24—Series and shunt
diode clippers. Typicalopera-
tion is shown at the right.

E
Cp
~ O Plate l+
Voltage

Fig. 3-23—Showing how the plate may be grounded for
r.f. in a typical oscillator circuit (Hartley).

current flows to the cathode through the lower
part of the tuned-circuit coil, L. An advantage of
such a cireuit is that the frame of the tuning
canacitor ean be grounded.

Tubes having indirectly heated cathodes are
more easily adaptable to eireuits grounded at
other points than the eathode than are tubes
having directly heated filaments. With the
latter tubes special preeautions have to be
taken to prevent the filament from being by-
passed to ground by the eapacitance of the
filament-heating transformer.

Circuits

plate is negative and there is no conduction.
Thus part of the negative half eyvele is clipped as
shown in the drawing at the right. The level at
which elipping occurs depends on the bias volt-
age, and the proportion of signal clipping de-
pends on the signal strength in relation to the
bias voltage. 1f the peak signal voltage is below
the bias level there is no clipping and the out-
put wave shape is the same as the input wave
shape, as shown in the lower sketeh. The out-
put voltage results from the current flow
through the load resistor 1.

In the shunt-type diode clipper negative bias
is applied to the plate so the diode is normally
noncondueting. In this case the signal voltage
is fed through the series resistor R to the output
circuit (which must have high impedance com-
pared with the resistance of /). When the nega-
tive half of the signal voltage exceeds the bias
voltage the diode conduets, and because of the
voltage drop in R when current flows the output
voltage is reduced. By proper choice of R in rela-
tionship to the load on the output cireuit the
clipping can be made equivalent to that given
by the series eireuit. There is no clipping when
the peak signal voltage is below the bias level.

Two diode cireuits can be combined so that
both the negative and positive peaks of the signal
are clipped.

Triode Clippers
The cireuit shown at A in Fig. 3-25 is capable
of clipping both negative and positive signal
peaks, On positive peaks its operation is similar
to the shunt diode clipper, the clipping taking
place when the positive peak of the signal voltage



Clipping Circuits

B+
TRIOOE

fig. 3-25—Triode clippers. A—Single triode, using shunt-type
diode clipping in the grid circvit for the positive peak and
plate-current cut-off clipping for the negative peak. B—
Cathode-coupled clipper, using plate-current cut-off clipping

for both positive and negative peaks.

is large enough to drive the grid positive. The
pesitive-clipped signal is amplified by the tube
ax o resistance-coupled amplitier. Negative peak
clipping oceurs when the negative peak of the
signal voltage exceeds the fixed grid bias and thus
ents off the plate current in the output eireuit.
In the cathode-coupled clipper shown at B
in Fig. 3-25 1y is a cathode follower with its out-
put circuit direetly conneeted to the cathode of
Vs, which is a grounded-grid amplifier. The tubes
are binsed by the voltage drop across 21, which
carries the d.e. plate currents of hoth tubes.
When the negative peak of the signal voltage ex-
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ceeds the d.e. voltage across Ry elipping oceurs
in Vy, and when the positive poak exceeds the
same value of voltage Vo's plate current is eut
off. (‘The bias developed in 2] tends to be constant
beeause the plate current of one tube inereases
when the plate current of the other deereases.)
Thus the circuit elips both positive and negative
peaks. The clipping is svmmetrical, providing the
d.e. voltage drop in 2 is small enough so that
the operating conditions of the two tubes are
substantially the same. For signal voltages below
the clipping level the circuit operates as a normal
amplifier with low distortion.

U.HF. and Microwave Tubes

At ultrabigh  frequencies, intercleetrode ea-
pacitances and the inductance of internal leads
determine the highest possible frequeney to which
a vacuuin tube ean be tuned. The tube usually
will not oscillate up to this limit, however, be-
suse of dieleetrie losses, transit time and other
effects. In low-frequeney operation, the actual
time of flight of electrons between the cathode
and the anode is negligible in relation to the dura-
tion of the evele. At 1000 ke., for example, transit
time of 0.001 microscecond, which is typical of
conventional tubes, is only 11000 cyele. But at
100 Me,, this same transit time represents 1o
of a cyvele, and a full evele at 1000 Me. These
limiting factors establish about 3000 Me. as the
upper frequency limit for negative-grid tubes.

With most tubes of conventional design, the
upper limit of useful operation is around 150 Me.
IFor higher frequencies tubes of special construe-
tion are required. About the only means available
for reducing interelectrode eapacitances is to re-
duce the physical size of the elements, which is
practical only in tubes which do not have to
handle appreciable power. However, it is possible
to reduce the internal lead induetance very ma-
terially by minimizing the lead length and by
using two or more leads in parallel from an
clectrode.

ln some types the electrodes are provided with
up to five separate leads which may be conneeted
in parallel externally. In donble-lead types the
plate and grid elements are supported by heavy
single wires which run entirely through the en-
velope, providing terminals at cither end of the

bulb. With lincar tank circuits the leads become
a part of the line and have distributed rather than
lumped constants.

In “lighthouse” tubes or disk-scal tubes, the
plate, grid and cathode are assembled in parallel

connection

Fig. 3-26—Sectional view of the lighthouse” tube's
construction. Close electrode spacing reduces transit time
while the disk electrode connections reduce lead inductance.

planes, as shown in Fig. 3-26. instead of eoaxially.
The disk-seal terminals practically eliminate lead
inductance.

Velocity Modulation

In conventional tuhe operation the potential on
the grid tends to reduce the electron veloeity
during the more negative half of the exvele. while
on the other half exvele the positive potential on
the grid serves to aceolerate the electrons. Thus
the electrons tend to separate into groups, those
leaving the eathode during the negative hall-
evele heing colleetively slowed down, while those
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3-VACUUM-TUBE PRINCIPLES

leaving on the positive half are accelerated. After
passing into the grid-plate space only a part of
the eleetron stream follows the original form of
the oscillation evele, the remainder traveling to
the plate at differing veloeities, Since these con-
tribute nothing to the power output at the op-
erating frequency, the efficiency is reduced in
direet proportion to the variation in velocity, the
output reaching a value of zers when the transit
time approaches a half-cyele,

This effeet is turned to advantage in velocity-
modulated tubes in that the input signal voltage
on the grid is used to ehange the velocity of the
clectrons in o constant-current electron beam,
rather than to vary the intensity of a constant-
veloeity current flow as is the method in ordinary
tubes,

The velocity modulation prineiple may be used
in & number of ways, leading to several tube de-
signs. The major tube of this type is the “kly-
stron.”

The Klystron

In the klystron tube the eleetrons emitted by
the eathode pass through an eleetrie field estah-
lished by two grids in a cavity resonator ealled
the buncher. The high-frequeney eleetrie field
between the grids is parallel to the electron
stream, This field accclerates the eleetrons at one
moment and retards them at another, in accord-
ance with the variations of the r.f. voltage ap-
plied. The resulting velocity-modulated  heam
travels through o field-free “drift space,” where
the slower-moving eleetrons are gradually over-
taken by the faster ones, The electrons emerging
from the pair of grids ¢herefore are separated into
groups or *“hunchad” along the direetion of mo
tion. The velocitv-modulated electron  stream
then goes to n catcher eavity where it again
passes through two  parallel gids, and  the
r.f. current ereated by the bunching of the elec=

+HV
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Fig. 3-27—Circuit diagram of the klystron oscillator,
showing the feed-back loop coupling the frequency-con-
trolling cavities.
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tron beam induces an r.f. voltage between the
grids. The eateher eavity is made resonant at the
frequeney of the velocity-modulated  electron
beam. so that an oseillating field is set up within
it by the passage of the eleetron bunches through
the grid aperture,

If a feed back loop is provided between the
two eavities, as shown in Fig, 3-27, oscillations
will oceur. The resonant frequency depends on
the electrode voltages and on the shape of the
eavities, and may be adjusted by varving the
supply voltage and altering the dimensions of the
eavities. Although the bunched heam current is
rich in harmonies the output wave form is re-
markably pure heeause the high @ of the cateher
cavity suppresses the unwanted harmonies,

Magnetrons

A magnetron is fundamentally a diode with
evlindrieal cleetrodes placed in a uniform mag-
netice field, with the lines of magnetic foree parallel
to the axes of the elements. The simple exlindrieal
magnetron consists of a cathode surrounded hy
a concentric cylindrical anode. In the more efli-

Jsrection of magnetic field——»

I
I

Anode

Filament

(8)

Fig. 3-28—Conventional magnetrons, with equivalent
schematic symbols at the right. A, simple cylindrical
magnetron. B, split-anode negative-resistance magnetron.

cient split-anode magnetron the evlinder is di-
vided lengthwise.

Magnetron oscillators are operated in two dif-
ferent wavs. Eleetrieally the cireuits are similar,
the difference being in the relation between ele-
tron transit time and the frequeney of oscillation.

In the negative-resistance or dyvnatron type of
magnetron oseillator, the clement dimensions and
anode voltage are such that the transit time is
ghort compared with the period of the oscillation
frequencey. Eleetrons emitted from the eathode
are driven toward both halves of the anode. It
the potentials of the two halves are unequal, the
effect of the magnetie field is such that the ma-
jority of the electrons travel to the half of the
anode that is at the lower potential. That is, o
deerease in the potential of either half of the
anode results in an inerease in the cleetron
current flowing to that half. The magnetron con-
sequently exhibits negative-resistance character-
isties. Negative-resistance magnetron  oscillators
are useful between 100 and 1000 Me. Under the
best operating conditions efficiencies of 20 to 25
per cent may be obtained.



U.HF. and Microwave Tubes

In the transit-time magnetron the frequeney is
determined primarily by the tube dimensions and
by the cleetric and magnetic field intensitics
rather than by the tuning of the tank cirveuits.
The intensity of the magnetie field is adjusted so
that, under statie conditions, clectrons leaving the
eathode move in curved paths which just fail to
reach the anode. All eleetrons are therefore de-
fleeted back to the eathode, and the anode cur-
rent is zero. An alternating voltage applied be-
tween the two halves of the anode will cause the
Fig. 3-29—
Split-anode
magnetron
with integral
=3~ resonant anode
cavity for use

atu.h.f.

potentials of these halves to vary about their av-
erage positive values, If the period (time required
for one evele) of the alternating voltage is made
equal to the time required for an electron to make
one complete rotation in the magnetic field, the
a.c. component of the anode voltage reverses di-
rection twice with each electron rotation. Some
electrons will lose energy to the eleetrie ficld, with
the result that they are unable to reach the eath-
ode and continue to rotate about it. Meanwhile
other electrons gain energy from the field and are

Fig. 3-30—Schematic draw-
ing of a traveling-wave
amplifier tube.

s

HEATER

returned to the cathode. Since those clectrons
that lose energy remain in the interelectrode space
longer than those that gain energy, the net effeet
is a transfer of energy from the electrons to the
cleetrie field. This energy can be used to sustain
oscillations in a resonant transmisston line con-
neeted between the two halves of the anode.
Split-anode  magnetrons for u.h.f. are con-
structed with a eavity resonator built into the
tube structure, as illustrated in Fig. 3-29. The

assembly is a solid bloek of copper which assists
in heat dissipation. At extremely high frequen-
cies operation is improved by subdividing the
anode structure into 4 to 16 or more segments,
the resonant eavities for each anode being eoupled
to the common eathode region by slots of critical
dimensions,

The efficieney of multisegment magnetrons
reaches 63 or 70 per cent. Slotted-anode mag-
netrons with four segments funetion up to 30,000
Me. (1 emy), delivering up to 100 watts at effi-
cienecies greater than 50 per cent. Using larger
multiples of anodes and higher-order modes, per-
formance ean be attained at 0.2 em.

Traveling-Wave Tubes

Gains as high as 23 db. over a bandwidth of
800 Me. at a center frequeney of 3600 Me. have
been obtained through the use of a traveling-
wave amplifier tube shown schematically in Iig.
3-30. An electromagnetie wave travels down the
helix, and an eleetron beam is shot through the
helix parallel to its axis, and in the direetion of
propagation of the wave. When the clectron
veloeity is about the same as the wave velocity
in the absence of the eleetrons, turning on the
clectron beam causes a power gain for wave prop-
agation in the dircetion of the eleetron motion,

The portions of Fig. 3-30 marked “input”” and

ﬁ*—llr
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“output” are waveguide secetions to which the
ends of the helix are coupled. In practice two
clectromagnetie focusing coils are used, one form-
ing a lens at the eleetron gun end, and the other
a solenoid running the length of the helix.

The outstanding features of the traveling-wave
amplifier tube are its great bandwidth and large
power gain. However, the efficieney is rather low,
Typical power output is of the order of 200
milliwatts.




CHAPTER 4

Semiconductor

Devices

Certain materials whose resistivity is not high
enough to classify them as good insulators, but
is still high compared with the resistivity of
common metals, are known as semiconductors.
These materials, of which germanium and silicon
are examples, have an atomic structure that
normally is associated with insulators. However,
when small amounts of impurities are introduced
during the manufacture of germanium or silicon
erystals, it is possible for free electrons to exist
and to move through the erystals under the influ-
ence of an eleetrie field. Tt is also possible for some
of the atoms to be deficient in an electron, and
these eleetron deficiencies or holes can move from
atom to atom when urged to do so by an applied
clectrie foree. (The movement of a hole is actu-
ally the movement of an electron, the electron
becoming detached from one atom, making «
hole in that atom, in order to move into an
existing hole in another atom.) The holes can be
considered to be equivalent to particles carrying
a positive eleetrie charge, while the clectrons of
course have negative charges. Holes and electrons
are ealled charge carriers in semiconductors.

Electron and Hole Conduction

Materinl which conduets by virtue of a de-
ficiency in cleetrons — that is, by hole conduc-
tion — is called p-type material. In  n-type
material, which has an excess of electrons, the
conduetion is termed “electronic.” If a pieee of
p-type material is joined to a piece of n-type
material as at A in Fig. 4-1 and a voltage is ap-
plied to the pair as at B, current will flow across
the boundary or junction between the two (and
also in the external eireuit) when the battery has
the polarity indicated. lectrons, indicated by
the minus svmbol, are attracted across the june-
tion from the n material through the p material
to the positive terminal of the battery, and
holes, indicated by the plus svmbol, are attracted
in the opposite direction across the junction by
the negative potential of the battery. Thus
current flows through the circuit by means of

electrons moving one way and holes the other.

If the battery polarity is reversed, as at €,
the excess eleetrons in the n material are ar-
tracted away from the junction and the holes in
the p material arc attracted by the negative po-
tential of the battery away from the junetion.
This leaves the junetion region without any cur-
rent carriers, consequently there is no conduction.

In other words, a junction of p- and n-tyvpe
materials constitutes a rectifier. It differs from
the tube diode rectifier in that there is a measur-
able, although comparatively very small, reverse
current. The reverse current results from the
presence of some carriers of the type opposite to
those which principally characterize the material.
The principal ones are ealled majority carriers,
while the lesser ones are minority carriers.

The proeess by which the carriers cross the
Junetion is essentially diffusion, and takes place
comparativelyv slowly. This, together with the facet
that the junetion forms a capaecitor with the two
plates separated by practically zero spacing and
hence has relatively high capacitance, places a
limit on the upper frequency at which semicon-
ductor devices of this construction will operate,
as compared with vacuum tubes. Also, the num-
ber of excess electrons and holes in the material
depends upon temperature, and since the con-
duetivity in turn depends on the number of ex-
cess holes and electrons, the device is more tem-
perature sensitive than is a vacuum tube.

Capacitance may be reduced by making the
contact area very small. This is done by means
of a point contact, & tiny p-type region being
formed under the contact point during manu-
facture when n-type material is used for the
main body of the device.

@® SEMICONDUCTOR DIODES

Diodes of the point-contact type wre used for
many of the same purposes for which tube diodes
are used. The construction of such a diode is

CURRENT NO CURRENT
. + + . ++++
+ + - t fig. 4-1—A p-n junction (A) and its
o [ETS + ' behavior when conducting (B} and non-
_ N _yr _ conducting (C).
) ©




Semiconductor Diodes

GERMANIUM  WAFER
METAL BASE CATWHISKER

CASE

—_—

SYMBOL

METAL SUPPORTS
WIRE LEADS

Fig. 4-2—Construction of a germanium-point-contact
diode. In the circvit symbol for a contact rectifier the
arrow points in the direction of minimum resistance meas-
ured by the conventional method—that is, going from the
positive terminal of the voitage source through the rectifier
to the negative terminal of the source. The arrow thus
corresponds to the plate and the bar to the cathode of
tube diode.

shown in Fig. 4-2. Germanium and silicon are
the most widely used materials, the latter prin-
cipally in the u.h.f. region.
compared with the tube diode for r.f. ap-
cations, the ervstal diode has the advantages
of very small size, very low interelectrode ea-
piacitanee (of the order of 1 wuf. or less) and
requires no heater or filament power,

Characteristic Curves

The germanium ervstal diode is characterized
by relatively large current flow with small ap-
plied voltages in the “forward” direction, and
small, although finite, current How in the reverse
or “baek” direction for much larger applied
voltages, A typical characteristic curve is shown
in Fig. 4-3. The dynamic resistance in cither the
forward or back direction ix determined by the
change in current that oceurs, at any given point
on the curve, when the applied voltage is changed
by asmall amount. The forward resistance shows
some variation in the region of very small ap-
plied voltages, but the curve is for the most part
quite straight, indieating fairly constant dynamie
resistance. Forsmall applied voltages, the forward
resistance is of the order of 200 ohms in most
such diodes. The back resistance shows con-
siderable variation, depending on the particular
voltage chosen for the measurement. It may run
from a few hundred thousand ohms to over o
megohm. In applications such as meter rectifiers
for r.f. indicating instruments (r.4. voltmeters,
wavemeter indieators, and so on) where the
load resistance may be small and the applied
voltage of the order of several volts; the re-
sistances vary with the value of the applied
voltage and are considerably lower,

Junction Diodes

Juncetion-type diodes made of germanium or
silicon are employed principally as power reeti-
fiers, in applications similar to those where seleni-
um rectifiers are used.  Depending on the
design of the particular diode, they are capable
of rectifying currents up to several hundred
milliamperes. The safe inverse peak voltage of a
junction is relatively low, so an appropriate
number of reetifiers must be connected in series
to operate safely on a given a.ce. input voltage,

Ratings

Crystal diodes are rated primarily in terms of
maximum safe inverse voltage and maximum
average rectified current. Inverse voltage is a
voltage applied in the direction opposite to that
which eauses maximum current flow. The average
current is that which would be read by a d.c.
meter eonnected in the current path,

It is also customary to specify standards of
performance with respeet to forward and back
current. A minimum value of forward current is
usually specified for one volt applied. The voltage
at which the maximum tolerable back eurrent is
specified varies with the type of diode.

50

Fig. 4-3—Typical point I ‘
contact germanium diode
characteristic curve. Be-
cavuse the back current is
much smaller than the for-
ward current, a different
scale is used for back
voltage and current.
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Zener Diodes

The “zener diode”” is a speeial tyvpe of silicon
junction diode that has a characteristie similar
to that shown in IFig. 4-4. The she wp break from
non-conductance to conductance is called the
Zener Knee: at applied voltages greater than this
breakdown point. the voltage drop across the
diode is essentially constant over n wide range
of currents. The substantially constant voltage

450 .

Te (ma) 300} 4
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REVERSE VOLTAGE [ |
30 20 0 ,
05 1.0 1S]
; FORWARD VOLTAGE
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Fig. 4-4—Typical characteristic of a zener diode. In this

example, the voltage drop is substantially constant at 30

volts in the (normally) reverse direction. Compare with Fig.

4-3. A diode with this characteristic would be called a
"30-volt zener diode."”
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drop over a wide range of currents allows this
semiconductor device to be used as a constant
voltage reference or control element, in a manner
somewhat similar to the gascous voltage-regulator
tube. Voltages for zener diode action range from
a few volts to several hundred and power ratings
run from a fraction of a watt to 50 watts.

Zener diodes ean be conneeted in series to ad-
vantage: the temperature coeflicient is improved
over that of a single diode of equivalent rating
and the power-handling eapability is inereased.

Two zener diodes connected in opposition,
Fig. 4-5, form a simple and highly eflective
clipper.

Voltage-Variable Capacitors

Voltage-variable eapacitors are p-n junction
diodes that behave as eapacitors of reasonable €
(35 or more) up to 50 Me. and higher. They are
useful in many applications beeause the actual
apacitance value 1s dependent upon the d.c. bias
voltage that is applied. In a typical capacitor

outPuT

Fig. 4-5—Full-wave clipping action with two zener diodes

in opposition. The output level would be at a peak-to-peak

voltage of twice the zener rating of a single diode. Ri

should have a resistance value sufficient to limit the current
to the zener diode rating.

the capacitance can be varied over a 10-to-1
range with a bias change from 0 to —100 volts,
The current demand on the bias supply is on the
order of a few microamperes.

Typical applications include remote control
of tuned eireuits, automatic frequeney control
of receiver loeal oscillators, and simple frequency
modulators for communications and for sweep-
tuning applications.

Transistors

Fig. -6 shows a “sandwich” made from two
lwvers of p-type semiconductor material with
a thin layer of n-type between, There are in
effect two p-n junction diodes back to back. 1f &
positive bias is applied to the p-type material at
the left, current will flow through the left-
hand junction, the holes moving to the right
and the electrons from the n-type material
moving to the left. Some of the holes moving
into the n-type material will combine with the
electrons there and be neutralized, but some of
them also will travel to the region of the right-
hand junction.

If the p-n combination at the right is biased
negatively, as shown, there would normally be
no current flow in this cireuit (=ee Iig. 1-1C).
However, there are now additional holes avail-
able at the junction to travel to point B and
electrons can travel toward point A, so a current
ean flow even though this section of the sandwich
considered alone is hinsed to prevent conduetion.
Most of the current is hetween .1 and B and does
not flow out through the conunon conneetion to
the n-type material in the sandwich.

P N P
= COLLECTOR
-

EMITTE& + +
A + +

4. 4+ =

1 1

Fig. 4-6—The basic arrangement of a transistor. This
represents a junction-type p-n-p unit.

A semiconductor combination of this type is
called a transistor, and the three sections are
known as the emitter, base aud collector, re-
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speetively. The amplitude of the collector cur-
rent depends prineipally upon the amplitude of
the emitter current; that is, the collector current
is controlled by the emitter current.

Power Amplification

Beeause the collector is binsed in the back
direction the eollector-to-base resistance is high.
On the other hand, the emitter and collector
currents are substantially equal, so the power
in the collector eireuit is larger than the power
in the emitter cireuit (7= 2R, so the powers
are proportional to the respective resistances,
if the eurrent is the same). In practical transistors
emitter resistance is of the order of a few hundred
ohms while the colleetor resistance is hundreds
or thousands of times higher, so power gains of
20 to 10 db. or even more are possible,

Types

The transistor may be ecither of the point-
contact or junction tyvpe, as shown in IMig. 4-7.
Also, the assembly of p- and n-type materials
may be reversed; that is, n-type material may
be used instend of p-type for the emitter and
collector, and p-type instead of n-type for the
base. The type shown in Fig. 16 is o p-n-p
transistor, while the opposite is the n-p-n.

Point-Contact Transistors

The point-contact transistor shown at the
left in i“ig. 4-7, has two “eat whiskers” placed
very close together on the surface of a gerna-
nium  wafer, usually  n-type material. Small
p-type areas are formed under each point during
manufacture. This type of construction results
in quite low interelectrode eapacitanees, with the
result that some point-contact transistors have
been used at frequencies up to the v.hof. region.



Transistor Characteristics
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The point-contact transistor is principally of
historical interest, since it is now superseded by
the junetion type, It is difficult to manufacture,
since the two contact points must be extremely
close together if good characteristics are to be
sceured, particularly for high-frequency work.

Junction Transistors

The junction transistor, the essential construe-
tion of which ix shown at the center in Fig. 4-7,
has higher eapacitances and  higher  power-
handling eapacity than the point-contact type.
The “electrode”” areas and thickness of the inter-
mediate layer have an important effeet on the
upper frequency limit, Ordinary junetion transis-
tors may have cut-off frequencies (see next sec-
tion) up to 20 Me. or so. The types used for audio
and low radio frequencies usually have cut-off
frequencies ranging from 500 to 1000 ke.

The upper frequency limit is extended consid-
erably in the drift transistor. This type has a
particular form of distribution of impurities in
the base material resulting in the creation of an
internal eleetrie field that accelerates the carriers
across the junction. Typieal drift transistors have
cut-off frequencies of the order of 100 Me,

Another type of transistor useful in high-fre-
quency work is the surface barrier transistor,
using plated emitter and  collector electrodes
on a wafer of n-tvpe matevial, as shown at the
right in Fig. 4-7 above, Surface barrier transis-
tors will operate at frequencies up to 60 or 75
Me. as amplifiers and oscillators.

@ TRANSISTOR CHARACTERISTICS

An important characteristic of a transistor is
its current amplification factor, usually desig-
nated by the symbol @ This is the ratio of the
change in collector current to a small change in
emitter current, measured in the common-hase
circuit deseribed later, and is comparable with the
voltage amplification factor (u) of a vacuum tube,
The current amplification factor is almost, but,
not quite, 1 in a junction transistor. It is larger
than 1 in the point-contact type, values in the
neighborhood of 2 being typical,

The a cut-off frequency is the frequeney at
which the current amplification drops 3 db. below
its low-frequency value. Cut-off frequencies range
from 500 ke. to frequencies in the v.h.f.

Bisted Indiam CorrlE i water
Dot / Plated Indim
Det Fig. 4-7 —Point-contact,
junction-type aond sur-
face-barrier types of
transistors  with their
circuit symbols. The plus
and minus signs asso-
ciated with the symbols
indicate polarities of
- voltages, with respect
to the base, to be ap-
plied to the elements.

Emitier Collector

- B
nnection

SURFACE BARRIER TYPE

Base
SYMBOL

region, The cut-off frequency indieates in a
general way the frequency spread over which the
transistor is useful.

Ilach of the three elements in the transistor
has a resistance associated with it, The emitter
and collector resistances were discussed earlier.
There is also a certain amount of resistance asso-
ciated with the base, a value of a few hundred to
1000 ohms being typical of the base resistance,

The values of all three resistances vary with
the type of transistor and the operating voltages.
The collector resistance, in particular, is sensi-
tive to operating conditions.

Characteristic Curves
The operating characteristics of transistors
ean be shown by a series of characteristic curves.
One such set of curves is shown in Fig, 4-8. It
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Fig. 4-8—A typical collector-current vs. collector-voltage
characteristic of o junction-type transistor, for various
emitter-current volues. The circuit shows the setup for
toking such measurements. Since the emitter resistance is
low, o current-limiting resistor, R, is connected in series
with the source of current. The emitter current can be set ot
o desired value by adjustment of this resistance.

shows the collector current rs. collector voltage
for a number of fixed values of emitter current.
Practieally, the collector current depends almost
entirely on the emitter current and is inde-
pendent of the collector voltage. The separation
hetween curves representing equal steps of emit-
ter current is quite uniform, indicating that
almost  distortionless output ean he obtained
over the useful operating range of the transistor.

Another type of curve is shown in Fig. 49,
together with the eircuit used for obtaining it.
This also shows collector current ws. collector
voltage, but for a number of different values of
base current. In this case the emitter element is
used as the common point in the circuit. The
collector current is not independent of collector
voltage with this type of conneetion, indicating
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that the output resistance of the device is fairly
low. The base eurrent also ix quite low, which

2

COLLECTOR CURRE

COLLECTOR vOLTS

Fig. 4-9—Collector current vs. collector voltage for vari-
ous values of base current, for o junction-type transistor.
The values are determined by means of the circuit shown.

means that the resistance of the base-cmitter
¢ireuit is moderately high with this method of
connection, This may be contrasted with the
high values of emitter eurrent shown in Fig. 4-8.

Ratings

The principal ratings applied to transistors are
maximum  collector dissipation, maximum  col-
leetor voltage, maximum collector current, and
maximnim emitter current. The voltage and cur-
rent ratings are sclf-explanatory.

The colleetor dissipation ix the power, usualy
expressed in milliwatts, that can safely he dissi-
pated by the transistor as heat. With some types
of transistors provision is made for transferring
heat rapidly through the container, and such
ity usually  require installation on a heat
“aink.’”’ or mounting that ean absorb heat.

The amount of undistorted output power that
ean be ohtained depends on the colleetor voltage,
the collector current heing practieally independ-
ent ol the voltage in a given tranzistor, Inereasing
the collector voltage extends the range ol linear
operation, but must not be carried heyond the
point where either the voltage or dis=ipation
ratings are execeeded.

@ TRANSISTOR AMPLIFIERS

Amplifier eiveuits used with  transistors fall
into one of three tvpes, known as the grounded-
base, grounded-emitter, and grounded-collector
cireuits. These are shown in Fig. 4-10 in elemen-
tary form. The three circuits correspond approx-
imately to the grounded-grid, grounded-cathode
and eathode-follower cireuits, respectively, used
with vacuum tubes,

The important transistor parameters in these
¢ircuits are the short-circuit current transfer
ratio, the cut-off frequency, and the input and
output impedances. The short-circuit current
transfer ratio is the ratio of a small change in
output current to the change in input current
that eauses it, the ontput cireuit being short-
cireuited. The ent-off frequeney is the frequency
at which the amplification deercases by 3 «db.
from its value at some frequency well below that
at which frequeney effects begin to assume impor-
tance, The input and output impedances are,
respeetively, the impedance which a sigual source
working into the transistor wonld see, and the
internal output impedance of the transistor
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(corresponding to the plate resistance of a vac-
uum tube, for example).

Grounded-Base Circuit

The input cireuit of a grounded-base amplifier
must be designed for low impedance. since the
emitter-to-hase resistance is of the order of 25/1,
ohms, where /e is the emitter current in milli-
amperes. The optimum output load impedance,
R1, may range from a few thousand ohms to
100,000, depending upon the requirements.

The current transfer ratio is « and the eut-off
frequeney is as defined previously.

In this circuit the phase of the output (collee-
tor) current i= the same as that of the input
(emitter) current. The parts of these currents
that flow through the base resistance are like-
wise in phase, so the cireuit tends to be regencra-
tive and will oseillate if the current amplifieation
factor is greater than 1. A junction transistor is
stable in this cireuit since e« is less than 1, but
a point-contact transistor will oscillate.

Grounded-Emitter Circuit

The grounded-emitter cireuit shown in Fig. 4-10
corresponds to the ordinary grounded-cathode
vacuum-tube amplifier. As indicated by the
curves of Fig. 4-9, the base current is small and
the input impedance is therefore fairly high —
several thousand ohms in the average case. The
collector resistance is some tens of thousands of
ohms, depending on the signal source impedance.
The current transfer ratio in the common-emitter
cireuit is cqual to

o

l—«a

Since « is elose to 1 (0.98 or higher being repre-
sentative), the short-cireuit current gain in the
grounded-emitter circuit may be 30 or more.
The cut-off frequency is equal to the a cut-off
frequency multiplied by (1 — &), and therefore
is relatively low. (For example, o transistor with
an a cut-off of 1000 ke, and a = 0.98 would
have a cut-off frequency of 1000 X 0.02 = 20
ke. in the grounded-emitter eireuit.)

Within its frequency limitations, the grounded-
emitter cireuit gives the highest power gain of the
three.

In this eircuit the phase of the output (eol-
lector) current is opposite to that of the input
(base) current so such feedback as occurs through
the small emitter resistance is negative and the
amplifier is stable with either junction or point-
contact transistors.

Grounded-Collector Circuit

Like the vacnum-tube eathode follower, the
grounded-collector transistor amplifier has high
input impedance and low output impedance. The
Iatter is approximately equal to the impedance of
the signal input source multiplicd by (1 — «a).
The input resistance depends on the load resist-
ance, being approximately equal to the load
resistance divided by (1 —a). The fact that
input resistance is directly related to the load
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resistance i3 a disadvantage of this type of am-
plitier if the load is one whose resistance or
impedance varies with frequency.

The curtent transfer ratio with this circuit is

I
]l -«

and the eut-off frequeney is the same as in the
grounded-emitter circuit. The output and input
currents are in phase.

Practical Circuit Details

The transistor is essentially a low-voltage
device, so the use of a battery power supply
rather than a rectified-a.c. supply is quite com-
mon. Usually, it is more convenient to em-
ploy a single battery as a power source in pref-
erence to the two-bhattery arrangements shown in
Fig. 4-10, so most circuits are designed for single-
hattery operation. Provision must be included,
therefore, for obtaining proper biasing voltage
for the emitter-base circuit from the battery that
supplies the power in the collector eireuit.

r

SIGNAL

Fig. 4-10—8Bosic tran- INPUT
sistor amplifier circuits.
RL, the load resistance,
may be an actual re-
sistor or the primory of
o transformer. The input
signal may be supplied
from a transformer sec-
ondary or by resistance-

L?ﬁj

COMMON BASE

capacitance coupling. SIGNAL -
iy INPUT =
In any case it is to be =
understood that a d.c. + -
' 1
poth must exist be-
tween the base and COMMON EMITTER
emitter.
P-n-p transistors are
shown in these circuits.
If n-p-n types aore used
the battery polarities R
L
must be reversed. SIGNAL

INPUT =
i +I - II
COMMON COLLECTOR

Coupling arrangements for introducing the
input signal into the cireuit and for tuking out
the amplified signal are similar to those used with
vacuum tubes. However, the actual component
values will in general be quite different from
those used with tubes. This is because the imped-
ances associated with the input and output
circuits of transistors may differ widely from the
comparable impedances in tube eircuits. Also, d.e.
voltage drops in resistances may require more
eareful attention with transistors because of the
much lower voltage available from the ordinary
battery power source. Battery economy becomes
an important factor in circuit design, both with
respect to voltage required and to overall current
drain. A bias voltage divider, for example, easily
may use more power than the transistor with
which it is associated.

Typicul single-battery grounded-emitter cir-

oL ouTPUT
TRANSFORMER COUPLING
Ry
—N——— —————
‘s (2
(o 3
1
SIGNAL Ry
INPUT g OUTPUT
>
_hg | RO
I

+ -
e 111

RESISTANCE COUPLING

Fig. 4-11 —Proctical grounded-emitter circuits using trans-
former and resistance coupling. A combination of either
also can be used—e.g., resistance-coupled input and
transformer-coupled output. Tuned transformers may be
used for r.f. and i.f. circuits.

With small transistors used for low-level amplification
the input impedance will be of the order of 1000 ohms
and the input circuit should be designed for an imped-
ance step-down, if necessary. This can be done by op-
propriote choice of turns ratio for T) or, in the case of
tuned circuits, by tapping the base down on the tuned
secondary circuit. In the resistance-coupled circuit Rz
should be large compared with the input impedance,
valves of the order of 10,000 ohms being used.

In low-level circuits R will be of the order of 1000
ohms, R: should be chosen to bias the transistor to the
desired no-signal collector current; its value depends on
Ri and R: (see text).

cuits are shown in Fig. 4-11. Iy, in series with
the emitter, is for the purpose of “swamping
out” the resistance of the emitter-hase diode; this
swamping helps to stabilize the emitter current.
The resistance of 2y should be large compared
with that of the emitter-base diode, which, as
stated earlier, is approximately equal to 25
divided by the emitter current in ma.

Since the current in £2; flows in such a direction
as to bias the cmitter negatively with respect to
the base (a p-n-p transistor is assumed), a buse-
eniitter bins slightly greater than the drop in 12y
must be supplied. The proper operating point is
achieved through adjustment of voltage divider
RsR3, the constants of which are chosen to give
the desired value of collector current at the no-
signal operating point.

In the transformer-coupled cireuit, input signal
currents flow through R and R, and there would
be o loss of signal power at the base-cnitter diode
if these resistors were not bypassed by 'y and s,
The capacitors should have low reactance com-
pared with the resistances across which they are
connected. In the resistance-coupled cireuit [y
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has the dual function of acting as part of the bias
voltage divider and as part of the load resistance
for the signal-input source. Also, as seen by the
signal source, Ry is in parallel with /22 and thus
hecomes part of the input load resistance, ('
must therefore have low reactanee compared with
the net resistance of the parallel combination of
Ry, Ry and the base-to-emitter resistance of the
transistor. The reactance of (g will depend on
the impedance of the load into which the cireuit
delivers output.

The output load resistance in the transformer-
coupled ease will be the actual load as reflected
at the primary of the transformer, and its proper
value will he determined by the transistor char-
acteristies and the type of operation (Class A, B,
cte). The value of 1. in the resistanee-coupled
caze is usually such as to permit the maximum
a.e. voltage swing in the collector circuit without
undue distortion, since Class .\ operation is
usual with this type of amplifier,

Bias Stabilization

Transistor currents are rather sensitive to tem-
perature variations; and =o the operating point
tends to shift as the transistor heats, The <hift in
operating point unfortunately is in such a direc-
tion as to inerease the heating, leading to “ther-
mal runaway’”’ and possible destruction of the
transistor. The heat developed depends on the
amount of power dissipated in the transistor, so
it is obviously advantageous in this respect to
operate with as little internal dissipation as
possible: i.e., the due. input should be kept to
the lowest value that will permit the type of
operation desired, and in any event should never
exeeed the rated value for the particular transistor
used.

A contributing factor to the shift in operating
point is the collector-to-base leakage current
(usually designated /o) — that is, the current
that flows from collector to base with the emitter
counection open. This current, which is highly
temperature sensitive, has the effect of increas-
ing the emitter current by an amount much
larger than /., itsell, thus shifting the operating
point in such a way as to increase the colleetor
current. This effect is reduced to the extent that
.o can be made to flow out of the base terminal
ruther than through the basc-emitter diode. In
the circuits of Fig. 4-11, bias stabilization is
improved by making the resistance of Fy as large
ax possible and both e and 73 as small as possi-
ble, consistent with other considerations such as
gain and battery economy,

@ TRANSISTOR OSCILLATORS

Sinee more power is available from the output
circuit than is necessary for its generation in the
input eireuit, it is possible to use some of the
output power to supply the input circuit and
thus sustain self-oscillation. Representative oscil-
lator circuits are shown in Fig. 1-12. Their resem-
blance to the similarly-named vacuum-tube
circuits is evident.
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Fig. 4-12—Typical transistor oscillator circuits. Com-
ponent values are discussed in the text.

The upper frequency limit for oscillation is
principally a funetion of the cut-off frequency
of the transistor used, and oscillation will cease
at the frequency at which there is insufficient
amplification to supply the energy required to
overcome cireuit losses. Transistor oscillators
usually will operate up to, and sometimes well
bevond, the « cut-off frequency of the particular
transistor used.

The approximate oscillation frequency is that
‘cuit, 1,('). 121, Re and B3 have the
same funetions as in the amplifier cireuits given
in Fig. 4-11. Capacitors ('3 and €'y are bypass or
blocking capacitors and should have low react-
ance compared with the resistances with which
they are associated.

Feedback in these cireuits is adjusted in the
same way as with tube oseillators. In the Hartley
cireuit it is dependent on the position of the tap
on the tank coil; in the tickler circuit, on the
number of turns in Lo and degree of coupling
between L and Le: and in the Colpitts cireuit,
on the ratio of the tank capacitance between
base and emitter to the tank capacitance between
collector and emitter.




CHAPTER 5

High-Frequency

Recelvers

A good receiver in the amateur station makes
the difference between medioere contacts and
solid QSOs, and its importance eannot be over-
emphasized. In the less crowded v.hi. bands,
sensitivity (the ability to bring in weak signals)
is the most important factor in a receiver, In the
more crowded amateur bands, good  sensi-
tivity must be combined with selectivity (the
ability to distinguish between signals separated
by only a small frequeney difference). To receive
weak signals, the receiver must furnish enough
amplification to amplify the minute signal power
delivered by the antenna up to a useful amount of
power that will operate a loudspeaker or set
of headphones. Before the amplified signal ean
operate the speaker or phones, it must be con-
verted to audio-frequeney power by the process of
detection. The sequence of amplification is not
too important — some of the amplification can
take place (and usually does) before deteetion,
and some can be used after detection,

There are major differences between receivers
for phone reception and for code reception. An
a.m. phone signal has side bands that make the
signal take up about 6 or 8 ke. in the band, and
the audio quality of the received signal is im-
paired if the bandwidth is less than half of this.
A code signal occupies only a few hundred exeles
at the most, and consequently the bandwidth of
a code receiver ean be small, A single-sideband
phone signal takes up 3 to 4 ke, and the audio
quality can be impaired if the bandwidth is much
less than 3 ke. although the intelligibility will
hold up down to around 2 ke. In any case, if the
bandwidth of the recciver is more than nece-

essary, gignals adjacent to the desired one can be
heard, and the selectivity of the receiver is less
than maximum. The detection process delivers
direetly the audio frequencies present as modula-
tion on an a.m. phone signal. There is no modula-
tion on a code signal, and it is necessary to intro-
duce a second radio frequency, differing from the
signal frequeney by a suitable audio frequeney,
into the detector circuit to produee an audible
heat. The frequeney difference, and henee the
beat note, is generally made on the order of 500
to 1000 cveles, since these tones are within the
range of optimum response of both the ear and
the headset. There is no earrier frequeney present
in an s.s.b. signal, and this frequeney must be fur-
nished at the receiver before the audio can be
recovered. The same source that is used in code
reception can be utilized for the purpose. 1f the
source of the locally generated radio frequency is
a separate oscillator, the syvstem is known as
heterodyne reception: if the detector is made to
vseillate and produce the frequency, it is known
as an autodyne detector. Modern superhetero-
dyne receivers generally use a separate oscillator
(beat oscillator) to supply the locally generated
frequeney. Summing up the differences, phone
reecivers can’t use as much seleetivity as code
receivers, and code and s.s.b. reeeivers require
some kind of locally generated frequeney to give
a readable signal. Broadeast receivers can receive
only a.m. phoune signals bheeause no beat oseillator
is included. Communications receivers include
bent oscillators and often some means for varving
the seleetivity, With high selectivity they often
have a slow tuning rate.

Receiver Characteristics

Sensitivity

In commereial cireles “sensitivity” is defined as
the strength of the signal (in microvolts) at the
input of the receiver that is required to produce
a specified audio power output at the speaker or
headphones, This is a satisfactory definition for
broadeast and communications receivers operat-
ing below about 20 Mec., where atmospherie
and man-made electrical noises normally mask
any noise generated by the receiver itself.

Another commercial measure of sensitivity
defines it as the signhal at the input of the re-
eeiver required to give a signal-plus-noise output
some stated ratio (generally 10 dh.) above the
noise output of the receiver. This is a more useful
sensitivity measure for the amateur, since it
indicates how well a weak signal will be heard and

is not merely a measure of the over-all amplifica-
tion of the receiver. However, it is not an absolute
method, beeause the bandwidth of the receiver
plays a large part in the result.

The random motion of the moleenles in the
antenna and receiver cireunits  generates small
voltages called thermal-agitation noise voltages.
Thermal-agitation noise is independent of fre-
queney and is proportional to the (absolute)
temperature, the resistance component of the
impedance across which the thermal agitation is
produced, and the bandwidth. Noise is generated
in vacuum tubes by random irregularities in the
current flow within them; it is convenient to ex-
press this shot-effect noise as an equivalent re-
ststanee in the grid eirenit of a noise-free tube,
"This equivalent noisc resistance is the resistance
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(at room temperature) that placed in the grid
cireuit of a noise-free tube will produce plate-
cireuit noise equad to that of the actual tube, The
cquivalent noise resistance of a vacuum tube in-
creases with frequeney,

An ideal receiver would generate no noise in its
tubes and cireuits, and the minimum deteetable
signal would be limited only by the thermal noise
in the antenna. In a practical receiver, the limit
is determined by how well the amplified antenna
noise overrides the other noise in the piate eircuit
of the input stage. (It is assumed that the first
stage in any good receiver will be the determining
factor: the noise contributions of subsequent
stages should be insignificant by comparison.) At
freqoencies below 20 or 30 Me. the site noise
(atmospherie and man-made noise) is generally
the limiting factor,

The degree to which a praetieal receiver ap-
proaches the quiet ideal reeciver of the same
handwidth is given by the noise figure of the
receiver. Noise figure is defined as the ratio of the
signal-to-noise power ratio of the ideal receiver to
the signal-to-noise power ratio of the actual re-
ceiver output. Since the noise figure is a ratio, it is
usually given in decibels; it runs around 3 to 10
db, for a good communications receiver helow 30
Me. Althongh noise figures of 2 to t db, can be
obtained, they are of little or no use helow 30 Me,
except i extremely quiet locations or when a very
small antenna ix used. The noise figure of a re-
ceiver is not modified by ehanges in bhandwidth.

Selectivity

Seleetivity is the ability of a receiver to
diseriminate  against  signals  of  frequencies
differing trom that of the desired signal. The
over-ull seleetivity  will depend upon the se-
leetivity of the individual tuned eireuits and
the number of such eireuits,

The sclectivity of o receiver is shown graph-
ically by drawing a curve that gives the ratio
of =ignal strength required at various frequen-
cies off resonance to the signal strength at
resonanee, to give constant output. A reso-
nance curve of this type is shown in Fig. 5-1.
The bandwidth is the width of the resonance
curve (in eveles or kiloeveles) of a receiver at a
specified ratio; in Fig. 5-1, the bandwidths are
indieated for ratios of response of 2 and 10 (“6
db. down” and “20 db. down”).
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Fig. 5-1—Typical selectivity curve of o modern super-
heterodyne receiver. Relative response is plotted against
deviations above and below the resonance frequency.
The scale at the left is in terms of voltage ratios, the cor-
responding decibel steps are shown at the right.

The bandwidth at 6 db. down must be sufficient
to pass the signal and its sidebands if faithful
reproduction of the signad is desired. HHowever, in
the crowded amateur bands, it is generally adviso-
ble to sacrifice fidelity for intelligibility. The
ability to rejeet adjacent~-channel signals depends
upon the skirt selectivity of the receiver, which is
determined by the bandwidth at high attenua-
tion. In a receiver with good skirt selectivity, the
ratio of the 6-db. bandwidth to the 60-db. band-
width will be about 0.25 for code and 0.5 for
phone. The minimum nsable bandwidth at 6 db.
down is about 150 cyeles for code reception and
about 2000 cycles for phone.

Stability

The stability of a receiver 1s its ability to
“stay put’” on a signal under varving conditions
of gain-control setting, temperature, supply-
voltage changes and mechaniend shoek and dis-
tortion. The term “unstable” is also applied to a
receiver that hreaks into oscillation or a regenera-
tive condition with some settings of its controls
that are not specifically intended to control such
a condition,

Detection and Detectors

Deteetion is the process of recovering the
modulation from a signal (see  “Modulation,
Heterodyning and Beats”). Any deviee that is
“nonlinear” (e, whose output is not ecactly
proportional to its input) will act as a deteetor,
It can be used s o detector if an impedance
for the desived modulation frequency is con-
neeted in the output circuit.

Detector sensitivity is the ratio of desired
deteetor output to the input. Detector linear-
ity s oo measure of the ability of the detector to
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reproduce the exact {o.m of the modulation
on the incoming signal. The resistancee or im-
pedance of the detector is the resistance or
impedance it presents to the circuits it is con-
nected to. The input resistance is impertant
in receiver design, sinee il it is relatively low it
neans that the detector will consume power,
and this power must be furnished by the pre-
ceding  stage. The  signal-handling  capability
means the ability to aceept signals of v specified
amplitude without overloading or distortion.



Detection and Detectors

Diode Detectors

The simplest detector for aam, is the dinde. A
galena, silicon or germanium crystal is an
imperfect form of diode (a small current can
pass in the reverse direction), and the principle
of detection in a erystal is similar to that in a
vacuum-tube diode.

Circuits for both half-wave and full-wave
diodes are given in Fig. 5-2. The simplified
half-wave circuit at 5-2\ ineludes the r.f.
tuned ecircuit, L.C), a coupling coil, L,, from
which the r.f. energy is fed to LyC), and the
diode, D, with its load resistance, 2, and by-
pass capacitor, Ca. The flow of rectified r.f.
current canses a d.e. voltage to develop across
the terminals of 2). The — and + signs show
the polarity of the voltage. The variation in
amplitude of the r.f. signal with modulation
causes corresponding variations in the value of
the d.e. voltage across Ry In aundio work the
foad resistor, R, is usually 0.1 megohm or
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Fig. 5-2—Simplified and practical diade detectar circuits.
A, the elementary half-wave diade detector; B, a practical
circuit, with r.f. filtering ond audia output caupling; C, full-
wave diade detector, with output coupling indicated. The
circuit, L2Ci, is tuned to the signal frequency; typical values
for C2 and R; in A and C are 250 puf. and 250,000 ohms,
respectively; in B, C2 and C3 are 100 uuf. each; Ry, 50,000
ohms; and Rz, 250,000 ohms, Cy is 0.1 uf. and R3 may be
0.5 to 1 megohm.

higher, so that a fairly large voltage will develop
from a small rectified-current flow,

The progress of the signal thmlu.,h the de-
tector or reetifier is shown in Fig. 5-3. A typi-
cal modulated signal as it exists in the tuned
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Fig. 5-3—Diagrams shawing the detectian pracess.

eircuit is shown at .\. When this signal is ap-
plied to the reetifier tube, current will flow
only during the part of the r.f. eycle when
the plate is positive with respeet to the cath-
ode, so that the output of the rectifier consists
of half-cveles of r.f. These current pulses flow
in the load eircuit comprised of Ry and Cs, the
resistance of Ry and the capacity of C2 being so
proportioned that (s charges to the peak value
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the
voltage across I?y is smoothed out, as shown in
C. (3 thus acts as a filter for the radio-fre-
quency eomponent of the output of the recti-
fier, leaving a d.c. component that varies in
the same way as the modulation on the original
signal. When this varying d.e. voltage is ap-
plied to a following amplifier through a cou-
pling capacitor (Cy in Fig, 5-2), only the rarin-
fions in voltage are transferred, so that the final
output signal is a.c., as shown in ).

In the eireuit at 5-2B, R, and Cs have been
divided for the purpose of providing a more
effective filter for r.f. It is important to prevent
the appearanee of any r.f. voltage in the output
of the detector, because it may cnuse overload-
ing of a sueeeeding amplifier tube. The audio-
frequency variations ean be transferred to
another eireuit through a coupling capacitor,
C4, to a load resistor, I3, which usually is a
“potentiometer” so that the audio volume ean
be adjusted to a desired level.

Coupling to the potentiometer (volume cun-
trol) through a capacitor also avoids any flow
of d.e. through the control. The flow of d.c.
through a high-resistance volume control often
tends to make the control noisy (seratehy) after
a short while.

The full-wave diode ecireuit at 5-2C differs
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in operation from the half-wave eircuit only in
that both halves of the r.f. evele are utilized.
The full-wave circuit has the advantage that
1. filtering i= casier than in the half-wave cireuit.
As a result, less attenuation of the higher audio
frequencies will be obtained for any given degree
of r.f. filtering.

The reactance of Cg must be small compared
to the resistance of 2, at the radio frequency
being rectified, but at audio frequencies must
be relatively large compared to 2. 1f the capacity
of (5 is too large, response at the higher audio
frequencies will be lowered.

Compared with other detectors, the sensitiv-
ity of the diode is low, normally running around
0.8 in audio work. Since the diode consumes
power, the Q of the tuned circuit is reduced,
bringing about a reduction in selectivity. The
loading effect of the diode is close to one-half the
load resistance. The detector linearity is good,
and the signal-handling capability is high,

Plate Detectors

The plate detector is arranged so that recti-
fication of the r.f. signal takes place in the plate
cireuit of the tube. Sufficient negative bias is ap-
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Fig. 5-4—Circuits for plate detection. A, triode; B, pen-
tode. The input circuit, L2Cy, is tuned to the signal frequency.
Typical values for the other components are:

Com-
ponent

Circuit A Circuit B

C> 0.5 uf. or larger.
Cs 0.001 to 0.002 uf. 250 to 500 puf.

Cs 0.1 puf. 0.1 uf.

Cs 0.5 uf. or larger.

Ry 25,000 to 150,000 ohms. 10,000 to 20,000 ohms.
Rz 50,000 to 100,000 ohms. 100,000 to 250,000 ohms.

0.5 uf. or larger.

R3 50,000 ohms.
R4 20,000 ohms.
RFC 2.5 mh. 2.5 mh.

Plate voltages from 100 to 250 volts may be used. Effec-
tive screen voltage in B should be about 30 volts.
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plied to the grid to bring the plate current nearly
to the cut-off point, so that applieation of a
signal to the grid circuit causes an inerease in
average plate current. The average plate current
follows the changes in signal in a fashion similar
to the rectified current in a diode detector.

Circuits for triodes and pentodes are given
in Fig. 3-1. €3 is the plate hypass capacitor,
and, with RFC, prevents r.f. from appear-
ing in the output. The cathode resistor, 2y, pro-
vides the operating grid bias, and 'y is a hypass
for both radio and audio frequencies. Rz is the
plate load resistance and C'yis the output coupling
capacitor. In the pentode cireuit at B, Rz and
R4 form a voltage divider to supply the proper
sereen potential (about 30 volts), and (5 is a
bypass capacitor. €z and 5 must have low
reactance for both radio and audio frequencics.

In general, transformer coupling from the
plate cireuit of a plate detector is not satisfac-
tory, because the plate impedance of any tube
is very high when the bias is near the plate-
current cut-off point. Impedance coupling may
be used in place of the resistance coupling shown
in Fig. 5-4. Usually 100 henrys or more inductance
is required.

The plate detector is more sensitive than
the diode because there is some amplifying action
in the tube. 1t will handle large signals, but is not
80 tolerant in this respeet as the diode. Lincarity,
with the self-biased cireuits shown, is good. Up
to the overload point the detector takes no power
from the tuned creuit, and so does not affect
its Q and selectivity.

Infinite-Impedance Detector

The ecircuit of Fig. 35 combines the high
signal-handling capabilities of the diode detector
with low distortion and, like the plate detector,
does not load the tuned circuit it connects to.
The cireuit resembles that of the plate detector,
exeept that the load resistance, R, is connected
between cathode and ground and thus is common
to both grid and plate cireuits, giving negative
feedback for the audio frequencies. The eath-
ode resistor is bypassed for r.f. but not for
audio, while the plate circuit is bypassed to

L
R F INPUT 3
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Fig. 5-5—The infinite-impedance detector. The input cir-
cvit, L2C), is tuned to the signal frequency. Typical valves
for the other components are:

C2—250 ppuf. Ri—0.15 megohm.
Ca—0.5 uf. R2—25,000 ohms.
Cq—0.1 puf. R3—0.25-megohm volume control.

A tube having a medium amplification factor {about 20)
should be used. Plate voltage should be 250 volts.



Detectors

[i"‘f ie3 +250
)I AAA o
i 12AU7 12AU7
LET. A 1
— —
1%
Apf
(A) 100K L 1o0uuf
1 BFO.

owf

AF
AMP

47K

15K
Fig. 5-6—Two versions of the
"product detector” circuit. In
+250 the circuit at A separate tubes

are used for the signal circuit
cathode follower, the b.f.o.
cathode follower and the mixer
tube. In B the mixer and b.f.o.

(8)

ground for both audio and radio frequencies.
An rd. filter ean be connected between the
cathode and €y to eliminate any r.f, that might
otherwise appear in the output.

The plate current is very low at no signal,
increasing with signal as in the case of the plate
deteetor. The voltage drop aeross 21 consequently
inereases with signal. Because of this and the
large initial drop across 2y, the grid usually
cannot be driven positive by the signal, and no
grid current can be drawn.

Product Detector

The product detector cireuits of Fig. 5-6 are
useful in s.s.b. and code reception beeause they
mininiize intermodulation at the detector, In
Fig. 5-6A, two triodes are used as cathode fol-
lowers, for the signal and for the b.f.o., working
into a common cathode resistor (1000 ohms). The
third triode also shares this cathode resistor and
consequently the same signals, but it has an
audio load in its plate eircuit and it operates at
a higher grid bias (by virtue of the 2700-ohm
resistor in its cathode eircuit). The signals and
the b.f.o. mix in this third triode. If the b.f.o.
is turned off, & modulated signal running through
the signal cathode follower should vield little or
no audio output from the detector, up to the
overload point of the signal cathode follower.
Turning on the b.f.o, brings in modulation, be-
cause now the deteetor output is the product of
the two signals, The plates of the cathode fol-
lowers are grounded and filtered for the i.f. and
the 4700-puf. capacitor from plate to ground in
the output triode furnishes a bhypass at the i1,
The b.f.o. voltage should be about 2 rmus., and
the signal should not execed about 0.3 volts
.S,

The eireuit in Fig. 5-61B is a simplifieation re-
quiring one less triode. Its principle of operation
is substantially the same except that the addi-
tional bias for the output tube is derived from
rectified b.f.o. voltage across the 100,000-ohm

follower are combined in one
tube, and a low-pass filter is
used in the output.

+250

resistor. More elaborate r.f, filtering is shown in
the plate of the output tube (2-mh. choke and
the 220-puf. capacitors), and the degree of plate
filtering in either cireuit will depend upon the
frequencies involved. At low intermediate fre-
quencics, more elaborate filtering is required.

. REGENERATIVE DETECTORS

By providing controllable r.f. feedback (re-
generation) in a triode or pentode detector
cireuit, the incoming signal can be amplitied
many times, thereby greatly increasing the
sensitivity of the detector, Regeneration also
increases the effective @ of the circuit and thus
the selectivity. The grid-leak type of detector is
most suitable for the purpose.

The grid-leak detector is a combination diode
rectifier and audio-frequency amplifier. In the
cireuit of Fig. 5-7., the grid corresponds to the
diode plate and the rectifying action is exactly
the same as in a diode. The d.c. voltage from
rectified-cwrrent flow through the grid leak,
12y, biases the grid negatively, and the audio-
frequency variations in voltage across ) are
amplified through the tube as in a normal a.f.
amplifier. In the plate cireuit, Ry is the plate load
resistance and Cz and RFC a filter to eliminate r.f.
in the output circuit.

A grid-leak detector has considerably greater
sensitivity than a diode. The sensitivity is further
increased by using a screen-grid tube instead of a
triode. The operation is equivalent to that of the
triode cireuit. The screen  bypass  eapacitor
should have low reactance for both radio and
audio frequencies,

The cireuit in Fig. 5-713 is regenerative, the
feedback being obtained hy feeding some signal
from the plate cireuit bhack to the grid by induc-
tive coupling. The amount of regeneration must
be controllable, beeause maximum regenerative
amplification is seeured at the eritieal point where
the circuit is just about to oscillate. The eritieal

91



5—-HIGH-FREQUENCY RECEIVERS

3 L
R.F 2
et o 7

RF 3
INPUT b

point in turn depends upon eirenit conditions,
which may vary with the frequeney to which the
deteetor is tuned, An oscillating deteetor can be
detuned slightly from an incoming c.w. signal to
give autodyne reception.

The circuit of Fig. 5-7B uses a variable by-
pass capacitor, (5, in the plate circuit to control
regeneration. When the capacitance is small the
tube does not regenerate, but as it inercases
toward maximum its reactance becomes smaller
untit  there is  suflicient  feedback  to  eause
oseillation. If Lg and Lg are wound end-to-end in
the saume direction, the plate conneetion is to the
outside of the plate or “tickler” coil, L3,
when the grid connection is to the outside end of
La.

Although the regenerative grid-leak detector is
more sensitive than any other type, its many
disadvantages commend it for use only in the
simplest receivers. The linearity is rather poor,
and the signal-handling capability is limited.
The signal-handling eapability can be improved
by reducing /21 to 0.1 megohm, but the sensitivity
will be decreased. The degree of antenna eoupling
is often critical.

*

(8)

Tuning

For c.w. reception, the regeneration control
is advanced until the detector breaks into a
“hiss,” which indicates that the detector is
oscillating. Further advancing the regenera-
tion control will result in a slight decrease in
the hiss,

The proper adjustment of the regeneration
control for hest reception of code signals is
where the detector just starts to oscillate. Then
code signals can be tuned in and will give a tone
with exch signal depending 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 piteh, then will go down through “zero
beat” and rise again on the other side, finally
disappearing at a very high pitch. This behavior
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Fig. 5-7—(A) Triode grid-leak detector combines diode
detection with triode amplification. Although shown here
with resistive plate load, Rz, an audio choke coil or
transformer could be used.

(B) Feeding some signal from the plate circuit back to
the grid makes the circuit regenerative. When feedback
is sufficient, the circuit will oscillate. Feedback is controlled
here by varying reactance at Cs; with fixed capacitor at
that point regeneration could be controlled by varying
plate voltage or coupling between Lz and Ls.

is shown in Fig. 5-8. A low-pitehed beat-note
cannot be obtained from a strong signal be-
cause the deteetor ““pulls in” or ““blocks”;
that is, the signal forees the detector to
oseillate at the signal frequeney, even though
the ¢ireuit may not be tuned exactly to the
signal. It usually ean be eorrected by ad-
vancing the regeneration coutrol until the
heat-note is heard again, or by reducing the
input signal.

The point just after the detector starts
oscillating is the most sensitive condition for
code reception. Further advancing the regenera-
tion control makes the receiver less prone to block-
ing, but also less sensitive to weak signals,

If the detector is in the oscillating condi-
tion and a phone signal is tuned in, a steady
audible beat-note will result. While it is possible
to listen to phone if the receiver ean be tuned to
exact zero beat, it is more satisfactory to reduce
the regeneration to the point just before the
receiver goes into oscillation. This is also the
most sensitive operating point.,

Single-sideband phone signals can be received
with a regenerative detector by advancing the
regeneration control to the point used for code
reception and tuning earefully across the s.s.h.
signal, The tuning will be very eritical, however,
and the operator must be prepared to just “creep”’
across the signal. A strong signal will pull the
detector and make reception impossible, so either
the regeneration must be advanced far enough
to prevent this condition, or the signal must
be reduced by using loose antenna coupling,

[y 2000 cycles o Zero beat g <oy fes
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Fig. 5-8—As the tuning diol of a receiver is turned past
a code signal, the beat-note varies from a high tone down
through ''zero beat” (no audible frequency difference)
and back up to a high tone, as shown at A, B and C. The
curve is a graphical representation of the action. The beat
exists past 8000 or 10,000 cycles but usually is not heard

because of the limitations of the audio system.



Band Spreading

Tuning and Band-Changing Methods

Band-Changing

The resonant eireuits that are tuned to the
frequency of the incoming signal constitute a
special problem in the design of amateur re-
ceivers, since the amateur frequency assign-
ments consist of groups or bands of frequencies
at widely-spaced intervals, The same coil and
tuning capacitor cannot be used for, sayv, 14 Me.
to 3.5 Me., because of the impracticable maxi-
mum-to-minimum eapacity ratio required, and
also because the tuning would be excessively
eritical with such a large frequency range. 1t is
necessary, therefore, to provide a means for
changing the cireuit constants for various fre-
quency bands. As a matter of convenience the
same tuning eapacitor usually is retained, hut
new coils are inserted in the eireuit for each band.

One method of changing inductances is to use
a switch having an appropriate number of eon-
taets, which conneets the desired coil and discon-
nects the others. The unused coils are sometimes
short-cireuited by the switch, to avoid the possi-
bility of undesirable self-resonances in the un-
used coils. This is not necessary if the coils are
separated from each other by several eoil diame-
ters, or are mounted at right angles to each other,

Another method is to use coils wound on
forms with contacts (usually pins) that ean
be plugged in and removed from a socket. These
plug-in coils are advantageous when space in a
multiband receiver is at a premium. They are also
very useful when considerable experimental work
is involved, beeause they are easier to work on
than coils clustered around a switch.

Bandspreading

The tuning range of a given coil and variable
apacitor will depend upon the inductance of
the coil and the change in tuning eapacity. For
case of tuning, it is desirable to adjust the tun-
ing range so that practically the whole dial
scale is oceupied by the band in use. This is
called bandspreading. Because of the varying
widths of the bands, speeial tuning methods
must be devised to give the correet maximum-
minimum ecapacity ratio on each band. Several
of these methods are shown in Fig. 5-9.

Fig. 5-9—Essentials of
~ S R the three basic band-
#c sgread tuning systems.

() :T%, T_c

In A, a small bandspread capacitor, ('} (15-
to 25-ppf. maximum capacity), is used in par-

allel with a eapaeitor, (s, which is usually large
enough (100 to 140 upuf) to cover a 2-to-l
frequency range. The setting of (5 will de-
termine the minimum eapacitance of the eireuit,
and the maximum capacity for bandspread
tuning will be the maximum ecapacity of ('
plus the setting of (s, The induetanee of the
coil can bhe adjusted so that the maximum-
minimum ratio will give adequate bandspread.
It is almost impossible, because of the non-
harmonie relation of the various band limits, to
get full bandspread on all bands with the same
pair of capacitors. Co ix varionsly called the
band-setting or main-tuning capacitor. It must
be reset each time the band is changed.

The method shown at B makes use of capaci-
tors in series. The tuning eapacitor, €', may have
amaxinmm eapacitance of 100 guf. or more. The
minimum eapacitance is determined prineipally
by the setting of Oy, which usually has low eapaei-
tanee, and the maximm capacitance by the set-
ting of ('3, which ix of the order of 25 to 50 uul.
This method is eapable of close adjustment to
practically any desired degree of bandspread. ither
(> and (3 must be adjusted for each hand or sepa-
rate preadjusted eapacitors must be switehed in.,

The circuit at C also gives complete spread
on each band. €, the bandspread eapacitor,
may have any convenient value: 50 uuf. is satis-
factory. Cy may be used for continuous frequency
coverage (“general coverage”) and as a band-
setting capacitor. The effective maximum-mini-
mum capacitance ratio depends upon Cy and the
point at which C) is tapped on the coil. The
nearer the tap to the hottom of the coil, the
greater the bandspread, and viee versa. For :
given coil and tap, the bandspread will be greater
if Cais set at higher capacitance. (2 may he con-
nected permanently across the individual indue-
tor and preset, if desired. This requires i separate
capacitor for each hand, but eliminztes the ne-
cessity for resetting (9 cach time.

Ganged Tuning

The tuning eapacitors of the several r.f,
circuits may be coupled together mechanically
and operated by a single control. llowever,
this operating convenience involves more com-
plicated construction, both electrieally  and
mechanieally. 1t becomes necessary to make
the various cireuits track — that is, tune to the
same frequency at each setting of the tuning
control.

True tracking ean be obtained only when the
inductance, tuning capacitors, and  eirenit
inductances and minimum and maximum
capacities are identical in all “ganged” stages.
A small trimmer or padding capacitor may be
connected across the coil, so that variations in
minimum capacity can be compensated. The
fundamental eireuit is shown in Fig. 5-10, where
C'y is the trimmer and C» the tuning capacitor.
The use of the trimmer necessarily inereases the
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minimum cireuit capacity, but it is a necessity
for satisfactory tracking. Midget capacitors
having maximum capacities of 15 to 30 uuf. are
commonly used.

m
¢ T T

The same methods are applied to band-
spread cireuits that must be tracked. The
cirenits are identieal with those of Iig. 5-9.
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer
apacitor must be conneeted across the coil in
each cireuit shown. If only amateur-band tun-
ing is desired, however, then 3 in Fig. 3-9B,
and Cyin Fig. 5-9C, serve as trimmers.

The coil inductance can be adjusted by
starting with a larger number of turns than

Fig. 5-10—Showing the use
of o trimmer copacitor to
set the minimum circuit co-
pacity in order to obtoin true
tracking for gong-tuning.

R

necessary and removing a turn or fraction of
a turn at a time until the cireuits track satis-
factorily. An alternative method, provided the
inductance is reasonably close to the correet
value initially, is to make the coil so that the
last turn is variable with respeet to the whole
coil.

Another method for trimming the indue-
tance is to use an adjustable hrass (or eopper)
or powdered-iron core. The brass core aets like a
single shorted turn, and the inductance of the
coll is deereased as the brass core, or “‘slug,” is
moved into the coil. The powdered-iron core has
the opposite effect, and irercases the inductance
as it s moved into the coil. The @ of the coil is
not affected materially by the use of the brass
shug, provided the brass slug has a clean surface
or is silverplated. The use of the powdered-iron
core will raise the @ of a coil, provided the iron
15 suitable for the frequency in use. Good pow-
dered-iron cores can be obtained for use up to
about 50 Me.

The Superheterodyne

For many years (until about 1932) practi-
cally the ouly type of receiver to be found in
amateur stations consisted of a regenerative
deteetor and one or more stages of audio amplifi-
cation. Receivers of this type can be made quite
sensitive but strong signals block them easily
and, in our present crowded bands, they are
seldom used except in emergeneies. They have
been replaced by superheterodyne receivers,
generally called “superhets.”

The Superheterodyne Principle

In a superheterodyne receiver, the frequency
of the incoming signal is heterodyned to a new
radio frequeney, the intermediate frequency
(abbreviated *i.£.7?), then amplified, and finally
deteeted. The frequency is changed by modulating
the output of a tunable oscillator (the high-fre-
quency, or local, oscillator) by the incoming
signal in o mixer or converter stage (first de-
tector) to produce a side frequeney equal to the
intermediate frequeney., The other side frequeney
is rejected by selective circuits. The audio-
frequency  signal s obtained at the second
detector. Code signals are made audible by
autodyne or heterodyne reception at the second
detector,

As o numerieal example, assume that an
intermediate frequency of 455 ke, is chosen
and that the incoming signal is at 7000 ke,
Then the high-frequencey  oscillator frequencey
may be set to 7155 ke., in order that one side
frequeney (7455 minus 70000 will be 455 ke.
The high-frequency oscillator could also be set
to 6313 ke, and give the same difference fre-
quency. To produce an audible code signal at
the second detector of, say, 1000 cycles, the
autodyning or heterodyning oscillator would
be set to either 454 or 456 ke.

The frequency-conversion
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process  permits

r.f. amplification at a relatively low frequency,
the 1.f. lligh selectivity and gain can be ob-
tained at this frequency, and this selectivity
and gain are constant. The separate oseillators
can be designed for good stability and, sinee they
are working at frequenecies considerably removed
from the signal frequencies (pereentage-wise),
they are not normally “pulled’ by the incoming
signal.

Images

Each h.f. oscillator frequency will cause if.
response at two signal {requencies, oune higher
and one lower than the oscillator frequencey.
If the oscillator is set to 7455 ke, to tune to a
7000-ke. signal, for example, the receiver ean
respond also to a signal on 7810 ke., which
likewise gives a 453-ke, beat. The undesired
signal ix called the image. 1t can eause unneces-
sary interference if it isn't eliminated.

The radio-frequency eireuits of the receiver
(those used before the signal is heterodyned
to the L) normally are tuned to the desired
signal, so that the selectivity of the cireuits re-
duces or eliminates the response to the image
signal, The ratio of the receiver voltage out-
put from the desired signal to that from the
image is called the signal-to-image ratio, or
image ratio.

The image ratio depends upon the selectivity
of the r.f. tuned ecirenits preceding the mixer
tube.  Also, the higher the intermediate fre-
queney, the higher the image ratio, sinee raising
the if, increases the frequencey separation be-
tween the signal and the image and places the
latter further away from the resonance peak
of the signal-frequency input circuits, Most
receiver designs represent o compromise  be-
tween economy (few r.f. stages) and image re-
jection (large number of r.f. stages).



Frequency Converters

Other Spurious Responses

In addition to images, other signals to which
the receiver is not ostensibly tuned may be
heard. Tlarmonies of the high-frequencey oscil-
lator may beat with signals i removed from
the desired frequeney to produce output at the
intermediate frequency; sueh spurious responses
can be reduced by adequate selectivity before
the mixer stage, and by using sufficient shielding
to prevent signal pick-up by any means other
than the antenna. When a strong signal is re-
ceived, the harmonies generated by reetification
in the second detector may, by stray coupling,
be introduced into the r.f. or mixer circuit and
converted to the intermediate frequency, to go
through the receiver in the same way as an ordi-
nary signal. These “birdies” appear as a hetero-
dyne beat on the desired signal, and are prinei-
pally bothersome when the frequency of the
incoming signal is not greatly different from the
intermediate frequency. The cure is proper
circuit isolation and shielding.

Iarmonies of the beat oseillator also may be
converted in similar fashion and amplified
through the receiver; these responses can be
reduced by shielding the beat oscillator and
operating it at a low power level.

The Double Superheterodyne

At high and very-high frequencies it is diffi-
cult to secure an adequate image ratio when
the intermediate frequency is of the order of
455 ke, To reduce image response the signal
frequently is converted first to a rather high
(1500, 5000, or even 10,000 ke.) intermediate
frequency, and then — sometimes after fur-
ther amplification — reconverted to a  lower
i.f. where higher adjacent-channel selectivity
can be obtained. Such a receiver is called a
double superheterodyne.

@ FREQUENCY CONVERTERS

A circuit tuned to the intermediate frequency
is placed in the plate cireuit of the mixer, to offer
a high impedance load for the i.f. voltage that is
developed. The signal- and oscillator-frequency
voltages appearing in the plate cireait are rejeeted
by the selectivity of this cireuit, The if. tuned
circuit should have low impedance for these
frequencies, a condition easily met if thev do
not approach the intermediate frequency.

The conversion efficiency of the mixer is
the ratio of i.f. output voltage from the plate
circuit to r.f. signal voltage applied to the grid.
High conversion ecfficiency is desirable. The
mixer tube noise also should be low if a good
signal-to-noise  ratio is  wanted, particularly
if the mixer is the first tube in the receiver.

A change in oscillator frequency caused by
tuning of the mixer grid circuit is called pulling.
Pulling should be minimized, because the stabil-
ity of the whole receiver depends critically upon
the stability of the h.f. oscillator. Pulling de-
creases with separation of the signal and h.f.-
oscillator frequencies, being less with high in-

termediate frequencies. Another type of puli-
ing is cansed by regulation in the power supply.
Strong signals cause the voltage to change, which
in turn shifts the oscillator frequency.

Circuits

If the first detector and high-frequency oscilla-
tor are separate tubes, the first detector is called
a “mixer.” If the two are combined in one en-
velope (as is often done for reasons of economy or
eficiency), the first detector is ealled a ‘“‘con-
verter.” In either ease the function is the same.

Typical mixer cireuits are shown in Fig. 5-11.
The variations are chiefly in the way in which
the oscillator voltage is introduced. In 3-114,
a pentode funetions as a plate detector; the
oscillator voltage is capacity-coupled to the
grid of the tube through (. Inductive coupling
may be used instead. The conversion gain and

T0 0SC

CL“:H
£ R,
af e

(A)

| £ TRANS

tecceead

Fig. 5-11—Typical circuits for separately excited mixers.

Grid injection of a pentode mixer is shown ot A, cathode

injection at B, ond separate excitotion of a pentagrid

converter is given in C. Typical values for C will be found

in Toble 5-I—the values below are for the pentode mixer
of A and B.

C1—10 to 50 uuf.

Co—5 to 10 uuf.

Cs, G4, C5—0.001 uf.

R1—6800 ohms.
Positive supply voltage can be 250 volts with a 6AC7

or 6AH6, 150 with a 6AKS.

R2—1.0 megohm,
R3—0.47 megohm,
Ry—1500 ohms.
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imput sclectivity genernlly are good, so long as
the sum of the two voltages (signal and oseilla-
tor) impressed on the mixer grid does not exceed
the grid bins. It is desirable to make the oseillator
voltage as high as possible without exceeding
this limitation. The oscillator power required is
negligible. If the signal frequeney is only 5 or 10
times theilf,, it may be difficult to develop enough
oscillator voltage at the grid (because of the
<electivity of the tuned input eireuit), However,
the eireuit is a sensitive one and makes a good
mixer, particularly with high-transconduetance
tubes like the 6ACT, 6AKS5 or GUS (pentode
scetion). Triode tubes ean be used as mixers in
grid-injection eireuits, but they are commonly
usedd only at 50 Me. and higher, where mixer
noise may become a significant factor. The triode
mixer has the lowest inherent noise, the pentode
i« next, and the multigrid converter tubes are the
noisiest,

The circuit in Fig. 5-11183 shows cathode in-
jeetion at the mixer. Operation is similar to the
grid-injection case, and the same cousiderations
apply.

[t is difficult to avoid “pulling” in a triode
or pentode mixer, and a pentagrid mixer tube
provides much better isolation. A typical cir-
cuit is shown in Fig. 5-11C, and tubes like the
GRAT, 6BAT or 6BL1G are commounly used. The
oscillator voltage is introduced through an “in-
jeetion” grid. Measurement  of the  rectified
current flowing in R is used as a cheek for proper
oseillator-voltage  amplitude.  Tuning  of the
sienal-grid cireuit can have little effeet on the
oscillator frequency beeanse the injection grid is
isolated from the signal grid by a sereen grid
that is at r.f. ground potentinl, The pentagrid
mixer is much noisier than a triode or pentode
mixer, but its isolating characteristies make it
a very uscful device.

Many receivers use pentagrid converters, and
two tvpieal eircuits are shown in Fig, 5-12,
The eireuit shown in Fig, 5-12.\, which is suitable
for the 6KN, is for a “triode-hexode’ converter,
A triode oseillator tube is monnted in the same
envelope with a hexode, and the control grid of
the oscillator portion is conneeted internally to
an injeetion grid in the hexode, The isolation
hetween oseillator and converter tube is reason-
ably good, and very little pulling results, except
on signal frequencies that are quite large com-
pared with the i.f.

The pentagrid-converter cireuit shown in Fig.

oK8

| £ TRANS

INPUT 3

(A)

©SA7, 6BE6 or 6SB7

1 F TRANS

05C

INPUT 3
TUNING

(B)

Fig. 5-12—Typical circvits for triode-hexode (A) and
pentagrid (B} converters. Values for Ri, Rz and R3 can be
found in Table 5-1; others ore given below.

C1—47 ppf. C3—0.01 puf.

Ca, C4, C5—0.001 pf, Rs— 1000 ohms,

o
+250

5-1213 can be used with a tube like the 6S.A7,
68B7Y, 6B.A7 or 6BK6. CGenerally the only care
necessary is to adjust the feedback of the oscilla-
tor cireuit to give the proper oseillator r.f. volt-
age. This condition is checked by measuring the
d.e. current flowing in grid resistor Rs,

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 cireuit com-
ponents is required whether or not a combi-
nation tube is used, so that there is very little
difference to be realized from the eost standpoint.

Typical cireuit constants for converter tubes
are given in Table 5-1. The grid leak referred
to is the oscillator grid leak or injeetion-grid
return, I of Figs. 5-11C and 5-12.

The effectiveness of converter tubes of the type
just deseribed beconies less as the signal fre-
quency is inereased. Some oscillator voltage will

Plate voltage =250

SELF-EXCITED

Cathode  Sereen Grid

Tube Resistor  Resistor Leal:

OBAT! 0 12.000 22,000
oBEo! 0 g 22,000
N5 210 27,000 17,000
ONATE 0 18.000 22,000
OSBTYZ L 0 15,000 22,000

Y Miniature tube 2 Octal base, metal,

TABLE S5-I

Circuit and Operating Values for Converter Tubes
Screen voltage —100, or through specitied resistor from 250 volts

Grid Cathode  Sereen Grid Grid
Curront Resistor  Resistor Leak Current
0.35 ma, 08 15,000 22,000 .35 ma.
0.5 150 22,000 22,000 0.5
0.15-0.2 = = —
0.5 £50 18,000 22,000 0.5
0.35 68 15,000 22,000 0.35

Seeaate ExcrratioN
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be coupled to the signal grid through “space-
charge” coupling, an effect that inereases with
frequency. If there is relatively little {requency
difference between oseillator and signal, as for
example a 14- or 28-NMe. signal and an i.f. of 455
ke, thix voltage ean become considerable beeause
the seleetivity of the signal cireuit will be unable
to reject it. If the signal grid is not returned
directly to ground, but instead is returned
through a resistor or part of an a.v.e. system,
considerable bias can be developed which will
cut down the gain. For this reason, and to reduce
image response, the i.f. following the first con-
verter of a receiver should be not less than 3 or 10
per cent of the signal frequeney, for best results.

Transistors in Mixers

Typical transistor cirenitry for a mixer operat~
ing at frequencies helow 20 Me. is shown in Fig.
9-13. The local oscillator current is injected in the
emitter eireuit by inductive coupling to Ly; I,
should have low reactance at the oscillator fre-
quency. The input from the r.f. amplifier should
be at low impedance, obtained by inductive
coupling or tapping down on the tuned eireuit,
The output transformer 7 has the collector con-
nection tapped down on the inductance to main-
tain a high @ in the tuned cireuit.

T
0 1.E AMR.

,I.OS/H‘:

—AM—0-13)2 V.,
470

Fig. 5-13--Typical transistor mixer circuit.
Li—Llow-impedance mductive coupling to oscillator.
Ti—Transistor i.f. transformer. Primary impedance of

100,000 ohms, secondary impedance of 1700

ohms, unloaded Q = 100, loaded Q@ = 35.

Audio Converters

Converter cireuits of the type shown in Fig.
5-12 can be used to advantage in the reception of
code and single-sideband suppressed-carrier sig-
nals, by introducing the local oscillator on the
No. I grid, the signal on the No. 3 grid, and work-
ing the tube into an audio load. Its operation ean
be visualized as heterodyning the incoming signal
into the audio range. The use of such cireuits for
audio conversion has been limited to selective i.f.
amplifiers operating below 500 ke, and usually
below 100 ke. An ordinary a.m. signal cannot be
received on such a detector unless the tuning is
adjusted to make the local oscillator zero-beat
with the incoming carrier.

Sinee the beat oscillator modulates the electron

stream completely, a large beat-oscillator com-
ponent exists in the plate cireuit. To prevent
overload of the following audio amplifier stages,
an adequate 1.f. filter must be used in the output
of the converter.

The “product deteetor” of Fig. 5-6 is also a
converter circuit, and the statements above for
audio converters apply to the produet detector.

@ THE HIGH.FREQUENCY OSCILLATOR

Stahility of the receiver is dependent chiefly
upon the stability of the h.f. oscillator, and
particular eare should he given this part of the
receiver. The frequency of oscillation should he
inzensitive  to mechanical shock and changes
in voltage and loading. Thermal effects (slow
change in frequency beeause of tube or cireuit
heating) should be minimized. They ecan he
reduced by using ceramie instead of bakelite
insulation in the r.f. cireuits, a large eabinet
relative to the chassix (to provide for good radia-
tion of developed heat), minimizing the number
of high-wattage resistors in the receiver and put-
ting them in the separate power supply, and not
monnting the oscillator coils and tuning cap-
acitor too close to a tube. Propping up the hd
of a receiver will often reduce drift by lowering
the terniinal temperature of the unit.

Sensitivity to vibration and shock can be
minimized by using good mechanieal support, for
coils and tuning capacitors, heavy chassis, and
by not hanging any of the oscillator-cireuit com-
ponents on long leads. Tie-points should be used
to avoid long leads. ST shert leads are exeellent
beeause they ean’t be made to vibrate,

Smooth tuning is a great convenience to the
operator, and ean be obtained by taking pains
with the mounting of the dial and tuning ca-
pacitors. They should have good alignment
and no back-lash. If the capacitors are mounted
off the chassis on posts instead of brackets, it is
almost impossible to  avoid some back-lash
unless the posts have extra-wide bases. The
capacitors should ke selected with good wiping
contacts to the rotor, since with age the rotor
contacts can be a souree of erratie tuning. All
joints in the oscillator tuning cireuit should he
carefully soldered, because a loose connection or
“rosin joint” can develop trouble that is some-
times hard to locate. The chassis and panel
materials should be heavy and rigid enough so
that pressure on the tuning dial will not cause
torsion and a shift in the frequency.

In addition, the oscillator must bhe capable
of furnishing sufficient r.f. voltage and power
for thé particular mixer cireuit chosen, at all
frequencies within the range of the reeeiver,
and it harmonic output should be as low as
possible to reduce the possibility of spurious
responscs,

The oscillator plate power should be as low
as is consistent with adequate output. Low
plate power will reduce tube heating and there-
by lower the frequency drift. The oscillator
and mixer circuits should be well isolated, pref-
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Fig. 5-14—High-frequency oscillator circuits. A, pentode
grounded-plate oscillator; B, triode grounded-plate oscil-
fotor; C, triode oscillator with tickler circuit. Coupling to
the mixer may be taken from points X and Y. In A aond B,
caupling from Y will reduce pulling effects, but gives less
voltage than from X; this type is best adapted to mixer
circuits with small oscillator-voltage requirements. Typical
values for components are as follows:

Circuit A Circuit B Circuit C
Ci—100 ppuf. 100 upuf. 100 ppf.
C2—0.01 pf. 0.01 pf. 0.01 uf.
C3—0.01 puf.

R1—47,000 ghms.
R2— 47,000 ohms.

47,000 ohms.
10,000 to 10,000 to
25,000 ohms. 25,000 ohms.
The plate-supply voltage should be 250 volts. In circuits
B and C, Rz is used to drop the supply voltage to 100-150
volts; it may be omitted if voltage is obtoined from o
voltage divider in the power supply .

47,000 ohms.

erably by shielding, since coupling other than by
the intended means may result in pulling.

1f the h.f.-oscillator frequency is affected by
changes in plate voltage, a voltage-regulated
plate supply (VIR tube) can be used.

Circuits

Several oscillator cireuits are shown in Fig.
5-14. Cireuits A and 1B will give about the same
results, and require only one coil. However, in
these two circuits the cathode is above ground
potential for r.f., which often is a cause of hum
modulation of the oscillator output at 14 Me.
and higher frequencies when a.c.-heated-cathode
tubes are used. The cireuit of Fig. 5-14C reduces
hum because the cathode is grounded. It is simple
to adjust, and it is also the best eireuit to use with
filament-type tubes. With filament-type tubes,
the other two eireuits would require r.f. chokes to
keep the filament above r.f. ground.

Besides the use of a fairly high €'/L ratio in
the tuned eireuit, it is necessary to adjust the
feedback to obtain optimum results. Too much

(%
Al . §

X
Cip v
Le ¢F
C, Rz .
L2§

(©)

feedback may cause “‘squegging” of the oscillator
and the generation of several frequencies simul-
tancously; too little feedback will cause the out-
put to be low. In the tapped-coil cireuits (A,
B), the feedback is inereased by moving the tap
toward the grid end of the coil. In C, more feed-
baek is obtained by inereasing the number of
turns on Ls or moving Ls closer to L.

The Intermediate-Frequency Amplifier

One major advantage of the superhet is that
high gain and selectivity can be obtained by
using a good i.f. amplifier. This can he a one-
stage affair in simple receivers, or two or three
stages in the more elaborate sets.

Choice of Frequency

The selection of an intermediate frequency
is a compromise between conflicting factors. The
lower the i.f. the higher the selectivity and gain,
but a low i.f. brings the image nearer the desired
signal and henee decreases the image ratio. A
low if. also increases pulling of the oscillator
frequency. On the other hand, a high i.f. is benefi-
eial to both image ratio and puiling, but the
gain is lowered and selectivity is harder to obtain
by simple means.
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An i.f. of the order of 455 ke. gives good selec-
tivity and is satisfactory from the standpoint of
image ratio and oscillator pulling at frequencies
up to 7 Mec. The image ratio is poor at 14 Me.
when the mixer is connected to the antenna, but
adequate when there is a tuned r.f. amplifier
between antenna and mixer. At 28 Me. and on
the very high frequencies, the image ratio is very
poor unless several r.f. stages arc used. Above 14
Me., pulling is likely to be bad without very loose
coupling between mixer and oscillator.

With an i.f. of about 1600 ke., satisfactory
image ratios can be secured on 14, 21 and 28
Me. with one r.f. stage of good design. For
frequencies of 28 Me. and higher, a common solu-
tion is to use a double superheterodyne, choosing
one high i.f. for image reduction (5 and 10 Mec.
are frequently used) and a lower one for gain
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and selectivity,

In choosing an if. it is wise to avoid frequen-
cies on which there is considerable activity by
the various radio services, since such signals
may be picked up directly on the if, wiring.
Shifting the i.f. or better shielding are the solu-
tions to this interference problem.

Fidelity; Sideband Cutting

Modulation of a carrier causes the genecra-
tion of sidehand frequencies numerically equal
to the carrier frequency plus and minus the
highest modulation frequency present. If the
receiver is to give a faithful reproduction of
modulation that contains, for instance, audio
frequencies up to 5000 cycles, it must at least be
capable of amplifying equally all frequencies eon-
tained in a band extending from 3000 cycles
above or below the carrier frequency. In a super-
heterodyne, where all carrier frequencies are
changed to the fixed intermediate frequency,
the i.f. amplification must be uniform over
a band 5 ke, wide, when the carrier is set at
one edge. If the carrier is set in the center, a
10-ke. band is required. The signal-frequency
circuits usually do not have enough over-all
seleetivity to affect materially the “adjacent-
channel” selectivity, so that only the i.f.-amplifier
selectivity need be considered.

If the selectivity is too great to permit uni-
form amplification over the band of frequen-
cies occupied by the modulated signal, some
of the sidebands are “cut.” While sideband cut-
ting reduces fidelity, it is frequently preferable
to sacrifice naturalness of reproduction in favor
of communications effectiveness.

The selectivity of an i.f. amplifier, and hence
the tendeney to cut sidebands, increases with
the number of amplifier stages and also is greater
the lower the intermediate frequency. From the
standpoint of communication, sideband cutting
is never serious with two-stage amplifiers at
frequencies as low as 455 ke. A two-stage i.f.
amplifier at 85 or 100 ke. will be sharp enough to
cut some of the higher-frequency sidebands, if
good transformers are used. [lowever, the cutting
is not at all serious, and the gain in selectivity is
worthwhile in erowded amateur bands.

Circuits

Lf. amplifiers usually consist of one or two
stages. At 455 ke, two stages generally give all
the gain usable, and also give suitable selectivity

PLATE

Fig. 5-15—Typical intermediate-fre-
quency amplifier circvit for a super-
heterodyne receiver. Representative
values for components are as follows:

G, C3, Gy, C5—0.02 uf. at 455 ke,;

0.01 uf. at 1600 ke. and higher. oo

C2—0.01 uf.

Ri, R2—See Table 5-II,
R3, Rs—1500 ohms.
R4—0.1 megohm,

| F TRANS

for phone reception.

A typieal cireuit arrangement is shown in Fig.
5-15. A second stage would simply duplicate the
circuit of the first. The i.f. amplitier practically
always uses a remote cut-off pentode-type tube
operated as a Class A amplifier. For maximum
sclectivity, double-tuned transformers are used
for interstage coupling, although single-tuned
circuits or transformers with untuned primarics
can be used for coupling, with a consequent loss
in selectivity, All other things being equal, the
sclectivity of an if, amplifier is proportional to
the number of tuned circuits in it.

In Fig. 5-15, the gain of the stage is reduced
by introducing a negative voltage to the lead
marked “AGC” or a positive voltage to R, at
the point marked “manual gain control.” In
either case, the voltage increases the bias on
the tube and reduces the mutual conductance
and hence the gain, When two or more stages are
used, these voltages are generally obtained from
common sources. The decoupling resistor, Rj,
helps to prevent unwanted interstage coupling.
C2 and K4 are part of the automatic gain-
control circuit (described later); if no a.g.c. is
used, the lower end of the i.f.-transformer sec-
ondary is connected to chassis,

Tubes for I.F. Amplifiers

Variable-u (remote cut-off) pentodes are al-
most invariably used in if. amplifier stages,
since grid-bias gain control is practically always
applied to the if. amplificr. Tubes with high
plate resistance will have least effect on the
sclectivity of the amplifier, and those with high
mutual conductance will give greatest gain. The
choice of L.f. tubes normally has no effect on the
signal-to-noise ratio, since this is determined by
the preceding mixer and r.f. amplifier.

Typical values of cathode and screen resistors
for common tubes are given in Table 5-I11. The
6K7, 6SK7 and 6BJ6 are recommended for if,
work because they have desirable remote cut-off
characteristics. The indicated screen resistors
drop the plate voltage to the correct sereen
voltage, as Roin Fig, 5-15.

When two or more stages are used the high
gain may tend to cause instability and oscilla-
tion, so that good shiclding, bypassing, and care-
ful cireuit arrangement to prevent stray coupling
between input and output circuits are necessary,

When single-ended tubes are used, the plate
and grid leads should be well separated. With
these tubes it is advisable to mount the screen

! F TRANS

) NEXT
| STAGE

MANUAL
GAIN
CONTROL

AGC

99



5-—-HIGH-FREQUENCY RECEIVERS

TABLE S5-II
Cathode and Screen-Dropping
Resistors for R.F. or LF. Amplitiers
Tube Plate  Screen Cathode Nerecn
Volts  Volts  Resistor R1 Resistor R2

6ACT 300 160 62,000
6AHG? 300 150 1650 62,000
GAKSH? 180 120 200 27,000
6A1°62 250 150 HR 33,000
6BAG* 250 100 H8 33,000
6862 250 150 100 33,000
6BJ62* 250 100 82 47,000
6B762* 200 150 180 20,000
6CB6 200 150 180 56,000
635G 250 125 68 27,000
GSHT! 250 150 68 39,000
63J7 250 100 820 180,000
6SKT* 250 100 270 56,000

1 Octal hase, metal. 2 Miniature tube

* Remote cut-off type.

bypass eapacitor direetly on the hottom of the
socket, crosswise between the plate and grid
pins, to provide additional shielding. If a paper
capacitor is used, the outside foil should be
grounded to the chassis.

I.F. Transformers

The tuned circuits of i.f. amplifiers are built
up as transformer units consisting of a metal
shield container in which the eoils and tuning
eapacitors are  mounted. Both air-core and
powdered iron-core universal-wound coils are
usedd, the latter having somewhat higher Qs
and henee greater selectivity and gain. In uni-
versal windings the eoil is wound in layers with
each turn traversing the length of the eoil, hack
and forth, rather than being wound perpendicu-
lar to the axis as in ordinary single-layer coils.
In a straight multilaver winding, a fairly large
.apacitance ean exist hetween lavers. Universal
winding, with its “eriss-crossed” turns, tends to
reduce distributed-eapacity effects.

For tuning, air-dielectric tuning eapacitors are
preferable to mica compression types beeause
their eapacity is practicadly unaffeeted by changes
in temperature and hunidity. Tron-core trans-
formers may be tuned by varying the inductance
(permeability tuning), in which ease stubility
comparable to that of variable air-capacitor
tuning ean be obtained by use of high-stability
fixed miiea or ceramic capaeitors. Such stability is
of great importance, sinee a cireuit whose fre-
queney “drifts” with time eventually will be
tuned to a different freguency than the other cir-
cuits, thereby reducing the gain and sclectivity
of theamplifier. Typical Li.-transformer construe-
tion is shown in Fig. H-16.

The normal interstage i.f. transformer is
loosely ('nuplml,l()gi\'(-g(m(lsvlm-tivit_\'('nnsisl('m
with adequate gain. A so-called diode  trans-
former is similar, but the coupling is tighter, to
give sufficient transfer when working into the
finite load presented hy o diode deteetor. Using
o diode transformer in place of an interstage
transformer would result in Joss of seleetivity;
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using an interstage transformer to couple to the
diode would result in loss of gain.

Besides the type of i.f. transformer shown in
Fig. 5-16, special units to give desired sclectiv-
ity characteristies are available. For  higher-
than-ordinary adjacent-channel selectivity triple-
tuned transformers, with a third tuncd cireuit
inserted between the input and output windings,
are sometimes used, The energy is transferred
from the input to the output windings via this
tertiary winding, thus adding its selectivity to
the over-all selectivity of the transformer.

A method of varying the seleetivity is to vary
the coupling between primary and secondary,
overcoupling being used to broaden the selee-
tivity curve. Special cirenits using single tuned
cireuits, coupled in any of several different ways,
are used in some advanced receivers,

Variable air
capacitors

High-stability mica
fixed capacitors

_Uhiversal-wound{”
cou .

Mowalle powdered
ironplug —

AIR TUNED

PERMEABILITY TUNED

Fig. 5-16—Representative i.f.~transformer construction.
Coils are supported on insulating tubing or {in the air-
tuned type) on wax-impregnated wooden dowels. The
shield in the air-tuned transformer prevents capacity
coupling between the tuning capacitors. In the permea-
bility-tuned transformer the cores consist of finely-divided
iron particles supported in an insulating binder, formed
into cylindrical “plugs.” The tuning capacitance is fixed,
and the inductances of the coils are varied by moving the
iron plugs in and out.

Selectivity

The over-all selectivity of the r.f. amplifici
will depend on the frequency and the number
of stages. The following figures are indicative
of the bandwidths to be expected with good-
quality transformers in amplifiers so constructed
as to keep regeneration at a minimum:

Bandwidth in Kilocycles

£ db, 20) db, 40 db.,

Intermediale Frequency down down down
One stage, 50 ke. (ironcore), .. 2.0 3.0 1.2
One stage, 455 ke. (aircore) . .. 8.7 17.8 32.3
One stage, 435 he. (ironcore).. 4.3 10.3 20.4
Twostages, 155 ke, (ironcore). 2.9 G4 10.8
Twoatages, 1600 ke. . . . 1.0 16.6 27 .4

Transistor I. F. Amplifier
A typieal cireuit for a two-stage transistor 1.4,
amplifier is shown in Fig. 5-17. Constants are
given for a 455-ke. amplifier, but the same gen-
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Fig. 5-17—Typical circuvit for a two-
stage transistor i.f. amplifier. At high
frequencies o neutralizing caopacitor

'M@n
may be required, as mentioned Mf%

in the text. 1sv. 1+

Ti—Transistor input i.f. transformer. Primary impedance =
100,000 ohms, secondary impedance = 1700
ohms, unloaded Q = 100, loaded Q = 35.

Tz—Transistor interstage i.f. transformer. Primary im-
pedance = 4600 ohms, secondary impedance

eral circuitry applies to an amplifier at any fre-
quency within the operating range of the tran-
sistors, When higher frequencies are used, it may
be necessary to neutralize the amplifier to avoid
overall oscillation: this is done by connecting 2
small variable eapacitor of a few uuf. from base
to base of the transistors.

Automatic gain control is obtained by using
the developed d.e. at the 1N295 diode detee-
tor to modify the emitter hias current on the
first stage. As the bias current changes, the input
and ontput impedanees change, and the resultant
impedance mismatehes causes a reduction in
wain, Such a.g.ce. assumes, of course, that the
amplifier is set up initially in » matched condition.

TO CONTROLLED

| F TRANS ~ STAGES
]
]
] V]
1
]
e
1
R, 1R, ]
1 2
CzI Cs
TO CONTROLLED

I F TRANS STAGES

= 1700 ohms, unloaded Q = 39, loaded Q =
35.

Ts—Transistor output i.f. transformer. Primary impedance
= 30,000 ohms, secondary impedance = 1000
ohms, unloaded Q = 100, loaded Q = 35.

@ THE SECOND DETECTOR AND
BEAT OSCILLATOR

Detector Circuits

The second detector of a superheterodyne
receiver performs the same function as the de-
tector in the simple receiver, but usually operates
at a higher input level beenuse of the relatively
great amplification abead of it. Therefore, the
ability to handle large signals without distortion
ix preferable to high sensitivity. Plate detection
ix used to some extent, but the diode detector is
most popular. It is especially adapted to furnish-
ing automatic gain or volume control. The basie
circuits have been described, although in many

Fig. 5-18—Delayed automatic gain-control cir-

cuits using a twin diode {A) and o dual-diode

triode. The circuits are essentially the same and

differ only in the method of biasing the a.g.c.

rectifier. The a.g.c. control voltage is applied to

the contrclled stages as in (C). Fer these circuits

typical values are:

Ci, C3, C4—100 ppf.

Cs, Cs5, Cz, C—0.01 uf.

Co—5-uf. electrolytic.

R, Ry, Rip—0.1 megohm.

R2—0.47 megohm.

R3—2 megohms.

R1—0.47 megohm.

Rs, Re—Voltage divider to give 2 to 10 volts bias
at 1 to 2 ma. drain.

R7—0.5-megohm volume cantrol.

Rs—Correct bias resistor for triode section of dual-

GRID J_ GRID diode triode.
R
I L BT
\C) OFFé o
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cases the diode elements are incorporated in a
multipurpose tube that contains an amplifier
seetion in addition to the diode.

Audio-converter eireuits and product detectors
are often used for code or s.s.b. detectors.

The Beat Oscillator

Any standard oscillator cireuit may be used
for the heat oscillator required for heterodyne
reception,  Npeeial  beat-oseillator transformers
are available, usually consisting of a tapped
coil with adjustable tuning; these are most con-
venjently used with the circuits shown in Fig.
5-14A and 13, with the output taken from Y. A
variable capacitor of about 25-uuf. capacitance
ean be conneeted between cathode and ground
to provide fine adjustment of the frequency. The
beat oscillator usually is coupled to the second-
detector tuned eireuit through a fixed capacitor
of u few upf.

The beat osecillator should he well shielded,
to prevent coupling to any part of the receiver
except the second detector and to prevent its
harmonics from getting into the front end and
being amplified along with desired signals. The
b.f.0. power should be as low as is consistent with
sufficient audio-frequency output on the strongest
gignals. However, if the beat-oscillator output
is too low, strong signals will not give a propor-
tionately strong audio signal. Contrary to some
opinion, a weak b.f.0. is never an advantage.

@ AUTOMATIC GAIN CONTROL

Automatic regulation of the gain of the re-
ceiver in inverse proportion to the signal strength
is un operating convenience in phone reception,
since it tends to keep the output level of the
recoiver constant  regardless  of input-signal
strength. The average rectified d.e. voltage,
developed by the received signal across a re-
sistance it a detector cireuit, is used to vary the
bias on the r.f. and i.f. amplifier tubes. Since this
voltage is proportional to the average amplitude
of the signal, the gain is reduced as the signal
strength becomes greater. The control will be
more complete and the output more constant as
the number of stages to which the a.g.c. bias is
applicdd is inereased. Control of at least two stages
is advisable.

Circuits

Although some receivers derive the a.g.c. volt-
age from the diode detector, the usual practice
is 1o use a separate a.g.e. rectifier. Typical eir-
cuits are shown in Figs. 5-18A and 5-18B. The
two rectifiers can be combined in one tube, as in
the 6116 and 6ALS. In Fig. 5-18A Vi is the diode
detector: the signal is developed across B2 and
coupled to the audio stages through (‘3. (1, I
and s are included for r.f. filtering, to prevent
a large r.f. component being coupled to the audio
circuits. The a.g.c. reetifier, Vs, is coupled to the
last i.f. transformer through (g, and most of the
rectified voltage is developed across R3. Vs does
not rectify on weak signals, however; the fixed
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bias at I must be exceeded before rectification
ean take place. The developed negative a.g.c.
bias is fed to the controlled stages through Ra.

The cireuit of Fig. 5-18B is similar, except that
a dual-diode triode tube is used. Since this has
only one common eathode, the eircuitry is slightly
different but the prineiple is the same. The triode
stage serves as the first audio stage, and its bias
is developed in the eathode cireuit across Rg.
This sawne bias is applicd to the a.g.c. rectifier by
returning its load resistor, I3, to ground. To
avoid placing this bias on the detector, 1y, its
load resistor [21/22 is returned to eathode, thus
avoiding any bias on the deteetor and permitting
it to respond to weak signals.

The developed negative a.g.e. bias is applicd
to the controlled stages through their grid cir-
cuits, as shown in Fig. 5-18C. (7R and ('gRyg
serve as filters to avoid common coupling and
possible feedback and oscillator. The a.g.c. is
disabled by closing switch Sy,

The a.g.c. rectifier bias in Fig. 5-18B is set by
the bius required for proper operation of V3.
If less bing for the a.g.c. rectifier is required, R3
can be tapped up on 23 instead of being returned
to chassis ground. In Vig. 5-18A, proper choice of
bias at /25 depends upon the over-all gain of the
receiver and the number of controlled stages. In
general, the hins at R will be made higher for
receivers with more gain and more stages.

Time Constant

The time constant of the resistor-capacitor
combinations in the a.g.c. circuit is an important
part of the system. It must be long enough so
that the modulation on the signal is completely
filtered from the d.c. output, leaving only an
average d.e. component which follows the rela-
tively slow carrier variations with fading. Audio-
frequency variations in the a.g.c. voltage applied
to the amplifier grids would reduce the percentage
of modulation on the incoming signal. But the
time constant must not be too long or the a.g.c.
will be unable to follow rapid fading. The ca-
pacitance and resistance values indicated in Fig.
5-18 will give a time constant that is satisfactory
for average reception.

C.W. and S.S.B.

A.g.c. can be used for e.w. and s.s.b. reception
but the cireuit is usually more complicated. The
a.g.c. voltage must be derived from a rectifier
that is isolated from the heat-frequeney oseillator
(otherwise the rectified b.f.o. voltage will reduce
the receiver gain cven with no signal coming
through). This is done by using a separate a.g.c.
channel connected to an if. amplifier stage
ahead of the second deteetor (and b.f.0.) or by
rectifving the audio output of the detector. If
the selectivity ahead of the a.v.e. reetifier isn’t
good, strong adjacent-channel signals may de-
velop a.g.c. voltages that will reduce the receiver
gain while listening to weak signals. When clear
channels are available, however, c.aw. and s.s.b.
a.g.c. will hold the receiver output constant over



Noise Reduction

AGC. AMP. RECOVERY
Via DIODE
12au7 T
FROM DET. Vaa o Y Fig. 5-19—Audio "hang” a.g.c. system. Re-
T k. 68C7 . pry. Sistors are Va-watt unless specified otherwise.
i ‘F oo Ri—Normal audio volume control in receiver.
orh> 2w Ti—1:3 step-up audio transformer {Stancor
A WA A-53 or equiv.)
RECOVERY w— | : . n
GATE 13xS T The hang time can be adjusted by changing
. 5 . .
Via ATTACK N the value of the recovery diode load resistor
DIODE = o
2 (4.7 megohms shown here). The a.g.c. line in
Cz 247 the receiver must have no d.c. return to ground
3 S [ ([”'29' and the receiver should have good skirt se-
AGC.LINE 21 lectivity for maximum effectiveness ot the
IN RECEIVER ATTACK +250 system,

GATE

C
S C

a wide range of signal inputs. A.g.c. systems
designed to work on these signals should have
fast-attack and slow-decay characteristics to
work satisfactorily, and often a selection of time
constants is made available.

The a.g.c. circuit shown in Fig. 5-19 is ap-
plicable to many receivers without too much
modification. Audio from the receciver is amplified
in Via and rectified in Von. The resultant voltage
is applied to the a.g.c. line through Vac. The
capacitor C'y charges quickly and will remain
charged until discharged by Vip. This will oceur
some time after the signal has disappeared, be-
cause the audio was stepped up through 7,
and rectified in Vaa, and the resultant used to
charge ("s. This voltage holds Vi cut off for an

Noise R

Types of Noise

In addition to tube and cireuit noise, much
of the noise interference experienced in recep-
tion of high-frequency signals is caused by do-
mestic or industrial electrieal cquipment and by
automobile ignition systems. The interference is
of two types in its effects. The first is the “hiss”
type, consisting of overlapping pulses similar
in nature to the receiver noise. It is largely re-
duced by high selectivity in the receiver, espe-
cially for code reception. The second is the
“pistol-shot”” or “machine-gun”’ tvpe, consisting
of separated impulses of high amplitude. The
“hiss” type of interference usually is caused by
commutator sparking in d.c. and series-wound
a.c. motors, while the “shot’ type results from
separated spark  discharges (a.c. power leaks,
switch and key elicks, ignition sparks, and the
like).

The only known approach to reducing tube
and circuit noise is through better “front-end”
design and through more over-all selectivity,

Impulse Noise

Impulse noise, because of the short dura-
tion of the pulses compared with the time be-
tween them, must have high amplitude to
contain much average energy. Henee, noise of
this type strong enough to cause much interfer-

appreciable time, until C; discharges through the
4.7-megohm resistor. The threshold of compres-
sion is set by adjusting the bias on the diodes
(changing the value of the 3.3I1K or 100K re-
sistors). There can be no d.c. return to ground
from the a.g.e. line, hecanse ('} must be dis.
charged only by Vin. Fven a v.t.v.m. across the
a.g.e. line will he too low a resistance, and the
operation of the system must be observed by the
action of the S meter.

Oceasionally a strong noise pulse may cause the
a.g.c. to hang until Cy discharges, but most of
the time the gain should return very rapidly to
that set by the signal. A.g.c. of this type is very
helpful in handling netted s.s.b. signals of widely
varying strengths.

eduction

ence generally has an instantaneous amplitude
much higher than that of the signal being re-
ceived. The general principles of devices intended
to reduce such noise is to allow the desired signal
to pass through the receiver unaffected, hut to
make the receiver inoperative for amplitudes
greater than that of the signal. The greater the
amplitude of the pulse compared with its time
of duration, the more successful the noise re-
ducetion,

Another approach is to “silence” (render in-
operative) the receiver during the short duration
time of any individual pulse. The listener will
not hear the “hole” beeause of its short dura-
tion, and very effective noise reduction is o-
tained. Such deviees are called “silencers”’ rather
than “limiters.”

In passing through selective receiver cireuits,
the time duration of the impulses is increased,
beeause of the  of the circuits. Thus the more
sclectivity ahead of the noise-redueing device,
the more difficult it becomes to secure good
pulse-type noise suppression.

Audio Limiting
A considerable degree of noise reduction in
code reception can he accomplished by am-

plitude-limiting arrangements applied to the
audio-output circuit of a receiver. Such limiters
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Fig. 5-20—Full-wave shunt limiter using contact-potential-
biased diodes. A low-level limiter {2 volt), this circuit finds
greatest usefulness following o product detector.

C1, C2—Part of low-pass filter with cutoff below i.f.
RFC1—Part of low-pass filter; see Ci1.
T,—Center-tapped heater transformer.

ANL.
6ALS

2.2 MEG.

08 uf.

FROM l
DETECTOR

RFC

also maintain the signal output nearly constant
during fading. These output-limiter systems are
simple, and adaptable to most receivers, [Tow-
ever, they cannot prevent noise peaks from
overloading previous stages.

@ SECOND-DETECTOR NOISE
LIMITER CIRCUITS

Most audio limiting eireuits are hased on one
of two principles. In a series limiting cirenit, a
normally conducting element (or elements) ix
connected in the cirenit in series and operated
in such a manner that it hecomes non-conduetive
above a given signal level. In a shunt limiting
¢irenit, a non-condueting clement is conneeted
in shunt across the eircuit and operated so that
it becomes conductive above a given signal
Jovel, thus short-cireuiting the signal and pre-
venting its heing transmitted to the remainder
of the amplifier, The usual condueting element
will be a forward-biased diode, and the usual
non-conducting clement will be a back-hiased
diode, In many applications the value of biax
ix st manually by the operator: usually the
clipping level will be set at about 5 to 10 volts,

A full-wave elipping eirenit that operates at a
low level (approximately 14 volt) is shown in
Fig. 520, Fach diode is binsed by its own contact
potential, developed across the 2-megohme re-
sistors, The .001-uf, capacitors become charged
to elose to this value of contaet potential. A
negative-going signal in excess of the bias will

| F TRANS

| F TRANS
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be shorted to ground by the upper diode: a posi-
tive-going signal will he condueted by the lower
diode. The condueting resistance of the diodes ix
small by comparison with the 220.000 ohms in
cories with the cireuit, and little if any of the
excessive signal will appear across the T-megohm
volume control, In order that the elipping does
not hecome excessive and eanse distortion, the
input signal must be held down by a gain control
ahend of the detector. This cireuit finds good
application following a low-level detector,

To minimize hum in the receiver output, it s
desirable to ground the center tap of the heater
transformer, as shown, instead of the more
common practice of returning one side of the
heater eirenit to chassis,

Sceonid-deteetor  noise-limiting  cireuits  that
autontically adjust themselves to the reecived
carrier level are shown in Fig. 5-21. In either
cireuit, 17, is the usual diode second detector,
Rl s the diode load resistor, and 'y is an
r.f. bypass. A negative voltage proportional to
the carrier level is developed aeross O, and this
voltage cannot change rapidly beeause Ry and Ca
are hoth large. In the civeuit at A, diode Vi acts
as o conductor for the audio signal up to the point
where its anode is negative with respeet to the
enthode. Noise peaks that execed the maximuam
cnrrier-modulation level will drive the anods
negative instantancously, and during this time
the diode does not conduet, The long time con-
stant of Colty prevents any rapid change of the
reference voltage, In the cirenit at B, the diode
17, ix innetive until its cathode voltage execeds its
anode voltage, This condition will obtain under
noise peaks and when it does, the diode 1" short-
cireuits the signal and no voltage is passed on to
the audio amplifier, Diode reetifiers such as the
6116 and GAL3 ean he used for these types of
noise limiters, Neither eireuit is useful for e, or
s.s.b, reception, but they are both quite effective

Fig. 5-21 —Self-adjusting series (A} and shunt

(B) noise limiters. The functions of Vi and V2

can be combined in one tube like the 6H6
or 6ALS.

Ci—100 ppf.

C, C3—0.05 puf.

R/ —0.27 meg. in A; 47,000 ohms in B

R:—0.27 meg. in A; 0.15 meg. in B.

R:—1.0 megohm.

R1—0.82 megohm,

R;— 6800 ohms.



Noise Silencer

+250

CONTROLLED LF TO SELECTIVE

100K
loox STAGES
MIXER OR CLAMP
LF AMP —l— v
1A
6ALS
R, |.o1uf.
II ot Otuf
|
RFC,
NOISE AMP NOISE RECT.
6CB6

47K

1
[ELYINA

THRESHOLD
5K 100k

1w,

Fig. 5-22—Practical circuit diagram of an i.f. noise silencer.
For best results the silencer should be used ahead of the
high-selectivity portion of the receiver.

Ti—Interstage i.f. transformer

for a.m. phone work, The series circuit (A) is
slightly better than the shunt circuit.

@ 1F. NOISE SILENCER

The i.f. noise silencer eirenit shown in Fig, 5-22
is dosigned to be used in a receiver as far along
from the antenna stage as possible but ahead of
the high-seleetivity secetion of the receiver. Noise
pulses are amplified and reetified, and the resuli-
ing negative-going d.c. pulses are used to eut off
an amplifier stage during the pulse. A manual
“threshold” control is set by the operator to a
level that only permits rectification of the noise
pulses that rise above the peak amplitude of the
desired signal. The clamp diode, 14, short eir-
cuits the positive-going pulse “overshoots.” Run-
ning the 686G controlled iL.f. amplifier at low
sereen voltage makes it possible for the No. 3
grid (pin 7) to cut off the stage at a lower voltage
than if the screen were operated at the more-
normal 100 volts, but it also reduces the available
gain through the stage.

1t is necessary to avoid i1, feedback around the
GBI stage, and the closer RIFCY ¢an be to soli-
resonant at the LiL the better will be the filtering,.
The filtering cannot. be improved by inereasing
the values of the 150-uut. capacitors heeause this
will tend to “streteh” the pulses and reduce the
signal strength when the silencer is operative.

@ SIGNAL-STRENGTH AND
TUNING INDICATORS

The simplest tuning indicator is a milliammeter

+250

T2—Diode i.f. transformer.

R1—33,000 to 68,000 ohms, depending upon gain up to
this stage.

RFC, —R.f. choke, preferably self-resonant at i.f.

connected in the de. plate lead of an ag.e.-
controlled r.f. or Lf. stage. Since the plate current
is reduced as the age. voltage becomes higher
with a stronger signal, the plate current is a
measure of the signal strength. The meter can
have a 0-1, 0-2 or 0-5 ma. movement, and it
should be shunted by a 25-ohm rheostat which is
used to set the no-signal reading to full seale on
the meter. If o “forward-reading” meter ix de-
sired, the meter can he mounted upside down,

Two other S-meter cireuits are shown in I'ig.
5-23. The system at A uses o milliammeter in o
bridge ecireuit, wranged so that the moter road-
ings inercase with the a.v.e. voltage and signal
strength. The meter reads approximately in o
linear deeibel seale and will not be *“crowded.’”

To adjust the system in Fig, 5-23A, pull the
tube out of its socket or otherwise break the
cathode cireuit so that no plate current flows,
and adjust the value of resistor 12, across the
meter until the seale reading is maximum. The
vadue of resistance required will depend on the
internal resistance of the meter, and must be
determined by trial and error (the current is
approximately 2.5 ma). Then replace the
tube. allow it to warm up. turn the a.g.c. switch
to "off 7 so the grid is shorted to ground, and
adjust the 3000-ohm variable vesistor for zere
meter current, When the ag.e. is “on,” the
meter will follow the signal variations up to
the point where the voltage ig high cnough to
cut off’ the meter tube’s plate current. With o
6J5 or GRNTGT thix will oecur in the neighbor-
hood of 15 volts, a high-amplitude signal.

The eircuit of Fig. 5-2318 requires no additional
tubes. The resistor 123 is the normal cathode
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TO AGC. LINE

L

Fig. 5-23—Tuning indicator or S-meter circuits for super-
heterodyne receivers.

MA—0-1 or 0-2 milliommeter. Ri—Rs—See text.

resistor of an ag.c.—controlled i.f. stage: its
cathode resistor should be returned to ehassis and
not to the manual gain control. The sum of 3
plus P4 should equal the normal eathode resistor
for the audio amplifier, and they should be pro-
portioned so that the arm of I3 can pick off a
voltage equal to the normal eathode voltage for
the i.f. stage. In some cases it may be necessary
to interchange the positions of /23 and Ry in the
eirenit.

The zero-set control 3 should be set for no
reading of the meter with no incoming signal,
and the 1500-ohm sensitivity coutrol should be
set for a full meter reading with the if. tube
removed from its socket.

Neither of these S-meter cireuits ean  be
“pinned”’, and only severe misadjustment of the
zero-set control ean injure the meter.

‘ HEADPHONES AND LOUDSPEAKERS

There are two basic types of headphones in
common use, the magnetic and the ervstal. A
magnetic headphone uses a small eleetromagnet
that attracts and veleases a steel diaphragm in
accordance with the eleetrieal output of the radio
receiver; this is similar to the “reeeiver” portion
of the houschold telephone. A erystal headphone

uses the piezocleetric properties of a pair of
Rochelle-salt or other ervstals to vibrate a dia-
phragm in accordanee with the clectrieal output
of the radio reeeiver. Magnetic headphones can
be used in eircuits where d.e. is flowing, such as
the plate ¢ireuit of a vacuum tube, provided the
eurrent is not too heavy to be carried hy the wire
in the coils; the hmit is usually a few milliam-
peres, Crystal headphones can be used only on
a.c. (asteady d.e. voltage will damage the erystal
unit), and consequently must be conpled to a
tube through a device, such as a capacitor or
transformer, that isolates the d.e, but passes the
a.c. Most modern receivers have a.e. coupling to
the headphones and henee cither type of head-
phone ean be used, but it is wise to look first at
the eirenit dingram in the instruction book and
make sure that the headphone jack is connected
to the secondary of the output transformer, as is
ustally the case,

In general, ervstal headphones will have con-
siderably wider and “flatter” audio response than
will magnetie headphones (exeept those of the
“hi-i” type that sell at premium prices). The
lack of wide response in the magnetie headphones
is sometimes an advantiage in code reception,
sinee the desired signal can be set on the peak
and be given a boost in volume over the unde-
sired signals at slightly different frequencies.

Crystal headphones are available only in high-
impedance values around 50,000 ohms or so,
while magnetic headphones run around 10,000 to
20,000 ohms, although they can be obtained in
values as low as 15 ohms. Usually the impedanee
of a headphone set is unimportant hecause there
is more than cnough power available from the
radio receiver, but in marginal cases it is possible
to tmprove the acoustic output through a better
match of headphone to output impedance. When
headphone sets are connected in series or in
parallel they must be of similar impedance levels
or one set will “hog” most of the power.

Loud speakers are practically always of the
low-impedance permanent-field dynamic variety,
and the loudspeaker output conneetions of a
receiver ean connect direetly to the voice coil of
the loudspeaker, Some reecivers also provide ¢
“500-ohm output’ for conneetion to a long line to
a remote loudspeaker, A londspeaker requires
mounting in a suitable enclosure if full low-
frequency response is to be obtained.

Improving Receiver Selectivity

‘ INTERMEDIATE-FREQUENCY
AMPLIFIERS

As mentioned earlier in this chapter, one of
the big advantages of the superheterodyne
receiver is the improved selectivity that is possi-
ble. This seleetivity is obtained in the i.f. ampli-
fier, where the lower frequency allows more
seleetivity per stage than at the higher signal
frequency. For phone reception, the limit to
useful selectivity in the it amplifier is the point
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where so many of the sidebands are cut that
intelligibility is lost, although it is possible to
remove completely one full set of side bands
without impairing the quality at all, Maximum
receiver scleetivity in phone reception requires
good stabilitv in both transmitter and receiver,
s0 that thev will both remain “in tune” during
the transmizsion. The limit to useful seleetivity
in code work is around 100 or 200 ecycles for
hand-key speeds, but this much selectivity re-
quires good stability in both transmitter and



Selectivity

receiver, and a slow reeeiver tuning rate for ease
of operation.

Single-Signal Effect

In heterodyne ec.w. reception with a super-
heterodyne receiver, the beat oscillator is set
to give a suitable audio-frequeney beat note
when the incoming signal is converted to the
intermediate frequency. For example, the beat
oscillator may be set to 456 ke. (the i.f. being
455 ke.) to give a 1000-cycle beat note. Now,
if an interfering signal appears at 457 ke., or
if the receiver is tuned to heterodyne the in-
coming signal to 457 ke., it will also be hetero-
dyned by the beat osciilator to produce a 1000-
cyele beat. lence every signal can be tuned
in at two places that will give a 1000-cycle beat
(or any other low audio frequency). This audio-
frequency image effect can be reduced if the
i.f. selectivity is such that the incoming signal,
when heterodyned to 457 ke., is attenuated to
a very low level.

When this is done, tuning through a given
signal will show a strong response at the de-
sired beat note on one side of zero beat only,
instead of the two beat notes on either side of
zero beat characteristie of less-selective recep-
tion. hence the name: single-signal reception.

The necessary selectivity is not obtained with
nonregenerative amplifiers using ordinary tuned
circuits unless a low i.f. or a large number of
cireuits is used.

Regeneration

Regeneration ean be used to give a single-
signal effect, particularly when the i.f. is 455 ke.
or lower. The resonance curve of an if. stage at
critical regeneration (just below the oseillating
point) is extremely sharp, a bandwidth of 1 ke.
at 10 times down and 3 ke. at 100 times down
being obtainable in one stage. The audio-fre-
quency image of a given signal thus ean be re-
duced by a factor of nearly 100 for a 1000-cycle
beat note (image 2000 eycles from resonance).

Regeneration is easily introduced into an i.f.
amplifier by providing a small amount of ca-
pacity coupling between grid and plate. Bringing
a short length of wire, connected to the grid,
into the vicinity of the plate lead usually will
suffice. The feedback may be controlled by the
regular cathode-resistor gain control. When the
i.f. is regenerative, it is preferable to operate the
tube at reduced gain (high bias) and depend on
regeneration to bring up the signal strength. This
prevents overloading and increases sclectivity.

The higher selectivity with regeneration re-
duces the over-all response to noise generated
in the earlier stages of the receiver, just as does
high selectivity produced by other means, and
therefore improves the signal-to-noise ratio.
However, the regenerative gain varies with signal
strength, being less on strong signals.

Crystal-Filters; Phasing

Probably the simplest means for obtaining
high selectivity is by the use of a piezoelectric
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Fig. 5-24—Typical response curve of a crystal filter. The

notch can be moved to the other side of the response peak

by adjustment of the “phasing’ control. With the above

curve, setting the b.f.o. at 454 kc. would give good single-
signal c.w. reception,

quartz crystal as a selective filter in the if.
amplifier. Compared to a good tuned circuit,
the @@ of such a crystal is extremely high. The
erystal is ground resonant at the i.f. and used as a
sclective eoupler between i.f. stages.

Fig. 5-24 gives a typical erystal-filter reso-
nance eurve. For single-signal reception, the
audio-frequency image can be reduced by
50 db. or more. Besides practically eliminating
the a.f. image, the high scleetivity of the crystal
filter provides good discrimination against adja-
cent signals and also reduces the noise.

Two crystal-filter circuits are shown in Fig.
5-25. The circuit at A (or a variation) is found
in many of the current eommunications receiv-
crs. The erystal is conneeted in one side of a
bridge circuit, and a phasing capacitor, 'y, is
connected in the other. When () is set to balance
the erystal-holder capaeitance, the resonance
curve of the filter is practically symmetrical; the
crystal acts as a serics-resonant circuit of very
high @ and allows signals over a narrow band of
frequencies to pass through to the following tube.
More or less eapacitance at Cp introduces the
“rejection notch” of Fig, 5-24 (at 453.7 ke. as
drawn). The @ of the load cireuit for the filter is
adjusted by the sctting of R,, which in turn
varies the bandwidth of the filter from “sharp”
to a bandwidth suitable for phone reception.
Some of the components of this filter are special
and not generally available to amateurs.

The “band-pass’ erystal filter at B uses two
erystals separated slightly in frequeney to give
a band-pass characteristic to the filter. If the
frequencies are only a few hundred cycles apart,
the characteristic is an excellent one for c.w.
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(8)

Fig. 5-25—A variable-selectivity crystal filter (A) and a
band-pass crystal filter {B).

reception. With crystals about 2 ke. apart, a
good phone characteristic is obtained.

Additional I.F. Selectivity

Many commercial communications receivers
do not have suflicient selectivity for amateur
use, and their performanee can be improved
by additional i.f. seleetivity. One method is to
loosely couple a BC-433 aireraft receiver (war
surplus, tuning range 190 to 550 ke) to the
tail end of the 155-ke. i.f, amplifier in the com-
munications receiver and use the resultant out-
put of the BC-153. The aireraft receiver uses an
85-ke. i.f. amplifier that is sharp for voice work —
6.5 ke. wide at — 60 db, — and it helps considerably
in separating phone signals and in backing up
ervstals filters for improved .y, reception.

If 2 BC-153 is not available, one can still enjoy
the benefits of improved selectivity. It is only
necessary to heterodyne to a lower frequency the
155-ke. signal existing in the receiver i.f. amplifier
and then reetify it after passing it through the
sharp low-frequeney amplifier. The J. W. Miller
Company  offers 50-ke.  transformers for this
application.

@ RADIO-FREQUENCY AMPLIFIERS

While seleetivity to reduce audio-frequency
images can be built into the i.f. amplifier, dis-
crimination against radio-frequency images can
only be obtained in cirenits ahead of the first
detector. These tuned circuits and their assoei-
ated vacuum tubes arc called radio-frequency
amplifiers. For top performanee of a ecommunica-
tions reeeiver on frequencies above 7 Me, it is
mandatory that it have a stage of r.f. amplifiea-
tion, for image rejection and a good noise figure
amixers are noisier than amplifiers).

Receivers with an if. of 455 ke. can be ex-
peeted to have some r.f. image response at a
signal frequency of 14 Me. and higher if only
one stage of r.f. amplification is used. (Regen-
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eration in the r.f. amplifier will reduce image
rexponse, but regeneration usually requires fre-
quent readjustment when tuning across a band.)
With two stages of r.f. amplification and an if.
of 455 ke., no inages should be apparent at 14
Me., but they will show up on 28 Me. and higher.
Three stages or more of r.f. amplification, with
an i.f. of 435 ke., will reduce the images at 28 Me.,
but it really takes four or more stages to do a
good job. A common solution at 28 Me. is to use a
“double-conversion” superheterodyne, with one
stage of r.f. amplification and a first i.f. of 1600
ke. or higher. A normal receiver with an if. of
155 ke, ean be converted to a double conversion
by connecting a “converter” ahead of the re-
ceiver,

For best sclectivity, r.f. amplifiers should use
high-Q circuits and tubes with high input and
output resistance. Variable-p pentodes are prace-
tically always used, although triodes (neutral-
ized or otherwise connected so that they won't
oscillate) are often used on the higher frequen-
cies beeause they introduce less noise. Pentodes
are better where maximum image rejection is
desired. because they have less loading effect on
the tuned eircuits.

Transistor R. F, Amplifier

A typical r.f. amplifier cirenit using a 2N370
transistor is shown in Fig. 5-26. Since it is de-
sirnble to maintain a reasonable € in the tuned
cireuits, to reduee r.f. image response, the base
and collector are both tapped down on their
tuned cireuits. An alternative method, using low-
impedance inductive coupling, is shown in Fig,
5-2613: this method is sometimes casier to adjust
than the taps illustrated in Fig. 5-26A. The tuned

TO MIXER

G BASE

(B) i A

Fig. 5-26—Transistor r.f. amplifier circuit. The low-im-
pedance connections to the base and collector can be (A)
taps on the inductors or {B} low-impedance coupling links.
11C1, L2C2—Resonant at signal frequency.
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cireuits, L1y and [, should resonate at the
operating frequeney, and they should be mounted
or shiclded to climinate inductive coupling be-
tween each other.

@ FrEEDBACK

FFeedback giving rise to regeneration and
oscillation ean ocenr in a single stage or it may
appear as an over-all feedback through several
stages that are on the same frequency. To avoid
feedback in a single stage, the output must be
isolated from the input in cevery way possible,
with the vacuum tube furnishing the only cou-
pling between the two circuits. An oscillation
can be obtained in an r.f. or i.f. stage if there is
any undue capacitive or inductive coupling be-
tween output and input cireuits, if there is too
high an impedance between cathode and ground
or sereen and ground, or if there is any appre-
ciable impedance through which the grid and
plate currents ean flow in common. This means
good shielding of coils and tuning eapacitors inr.f,
and i.f. eireuits, the use of good bypass capaci-
tors (mica or ceramic at r.f., paper or ceramie
at i.f.), and returning all bypass capacitors
grid, eathode, plate and sereen) for a given stage
with short lends to one spot on the chassis. If
single-ended tubes are used, the sereen or eathode
bypass eapacitor should be mounted across the
socket, to serve as a shield between grid and
plate pins, Less eare is required as the frequency
is lowered, but in high-impedance cireuits, it is
sometimes necessary to shield grid and plate
leads and to be careful not to run them close
together,

To avoid over-all feedback in a multistage
amplifier, attention must be paid to avoid run-
ning any part of the output circuit baek near the
input cireuit without first filtering it carefully.
Sinee the signal-carrving parts of the circuit (the
“hot” grid and plate leads) can’t be filtered,
the best design for any multistage amplifier
is a straight line, to keep the output as far away
from the input as possible. For example, an r.f.
amplifier might run along a chassis in a straight
line, run into a mixer where the frequency is
changed, and then the i.f. amplifier could be run
back parallel to the r.f. amplifier, provided there
was a very large frequency difference between the
r.f. and the i.f. amplifiers. However, to avoid
any possible coupling, it would be better to run
the i.f. amplifier off at right angles to the r.f.-
amplifier line, just to be on the safe side. Good
shiclding is important in preventing over-all
oscillation in high-gain-per-stage amplifiers, but
it becomes less important when the stage gain
drops to a low value. In a high-gain amplificr,
the power leads (including the heater cireuit)
are common to all stages, and they can provide
the over-all coupling if they aren’t properly
filtered. Good bypassing and the use of series
isolating resistors will generally eliminate any
possibility of coupling through the power leads,
IR.f. chokes, instead of resistors, are used in the
heater leads where necessary.,

@ CROSS-MODULATION

Since a one- or two-stage r.f. amplifier will
have a bandwidth measured in hundreds of ke.
at 14 NMec. or higher, strong signals will be ampli-
fied through the r.f. amplifier even though it is
not tuned exactly to them. If these signals are
strong enough, their amplified magnitude may
be measurable in volts after passing through
several 1.f. stages. If an undesired signal is strong
enough after amplification in the r.f. stages to
shift the operating point of a tube (by driving the
grid into the positive region), the undesired signal
will modulate the desired signal. This effect
is called cross-modulation, and is often encoun-
tered in receivers with several r.f. stages working
at high gain. 1t shows up as a superimposed mod-
ulation on the signal being listened to, and often
the effect is that a signal can be tuned in at sev-
eral points. It can be reduced or eliminated by
greater selectivity in the antenna and r.f. stages
(difficult to obtain), the use of variable-u tubes
in the r.f. amplifier, reduced gain in the r.f. ampli-
fier, or reduced antenna input to the receiver.
The 6BJ6, 6BA6 and 6DC6 e recommended
for r.f. amplifiers where eross-modulation may be
a problem.

A receiver designed for minimum cross-modu-
lation will use as little gain as possible ahead of
the high-sclectivity stages, to hold strong un-
wanted signals below the overload point,

Gain Control

To avoid cross-modulation and other over-
load effects in the mixer and r.f. stages, the gain
of the r.f. stages is usually made adjustable.
This is accomplished by using variable-u tubes
and varying the d.c. grid bias, cither in the grid
or eathode circuit. If the gain control is auto-
matic, as in the case of a.g.c., the bias is con-
trolled in the grid circuit. Manual control of r.f.
gain is generally done in the cathode circuit. A
typical r.f. amplificr stage with the two types of
gain control is shown in schematic form in Fig,
5-27,

Tracking
In a receiver with no r.f. stage, it is no incon-

T0 GRID
OF MIXER
OR FOLLOWING
R.F.AMPLIFIER

AGC  MANUAL
CONTROL GAIN-CONTROL.
VOLTAGE VOLTAGE

Fig. 5-27—Typical radio-frequency amplifier circuit for
a superheterodyne receiver. Representative valuves for
components are as follows:

Ci to C4—0.01 uf. below 15 Mc., 0.001 uf. at 30 Mc.
Ri, Rz—See Table 5-1I.
R3—1800 ohms.
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Fig. 5-28 — A procticol squelch circuit for cutting off the
receiver output when no signol is present.

venience to adjust the high-frequency oscillator
and the mixer cireuit independently, because
the mixer tuning is broad and requires little
attention over an amateur band. ITowever, when
r.f. stages are addod ahead of the mixer, the r.f.
stages and mixer will require retuning over an
entire amateur band. Hence most receivers with
one or more r.f. stages gang all of the tuning con-
trols to give a single-tuning-control receiver.
Obviously there must exist a constant difference
in frequency (the i.f.) between the oscillator and
the mixer/r.f. cireuits, and when this condition
is achieved the cireuits are said to track.

In amateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit that
gives practically straight-line-frequency tuning
(equal frequency change for each dial division),
and then adjusting the oscillator and mixer
tuned cireuits so that both cover the same total
number of kiloeyeles. For example, if the if. is
455 ke. and the mixer cireuit tunes from 7000
to 7300 ke. between two given points on the

dial, then the oscillator must tune from 7455 to
7755 ke. between the same two dial readings.
With the bandspread arrangement of Fig. 5947,
the tuning will be practically straight-line-fre-
quency if (' (bandset) is 4 times or more the
maximum capacity of 'y (bandspread), as is
usually the case for strictly amateur-band cover-
age. ('} should be of the straight-line-capacity
type (semicircular plates).

Squelch Circuits

An audio squelch eireuit is one that cuts off the
receiver output when no signal is coming through
the receiver. It is useful in mobile or net work
where the no-signal receiver noise may be us
loud as the signal, causing undue operator fa-
tigue during no-signal periods.

A practical squelch eireuit is shown in Fig. 5-28,
When the a.g.e. voltage is low or zero, the 6317

.-draws plate current. Voltage drop across the

47,000-ohm resistor in its plate circuit cuts off
the 6J5 and no receiver signal or noise is passed.
When the a.g.c. voltage rises to the cut-off value
of the 63J7, the pentode no longer draws current
and the bias on the 6J5 iz now only the operating
bias, furnished by the 1000-ohm eathode resistor.
The triode now functions as an ordinary ampli-
fier and passes signals. By varving the screen
voltage on the 6317 through 21, the pentode’s
cut-off bias can be varied, so that the relation
between a.g.c. voltage and signal cut-off point of
the amplifier is adjustable.

Connections to the receiver eonsist of two a.f,
lines (shielded), the a.g.c. lead, and chassis
ground. The squelch circeuit is normally inserted
between detector output and the audio volune
control of the receiver. Since the cireuit is used
in the low-level audio point, its plate supply
must be free from a.e. or objectionable hum will
be introdueed.

Improving Receiver Sensitivity

The sensitivity (signal-to-noise ratio) of a re-
ceiver on the higher frequencies above 20 Me.
is dependent upon the band width of the re-
ceiver and the noise contributed by the “front
end” of the receiver. Neglecting the fact that
image rejection may be poor, a receiver with no
r.f. stage is generally satisfactory, from a sen-
sitivity point, in the 3.5- and 7-Me, bands, How-
ever, as the frequency is increased and the at-
mospheric noise becomes less, the advantage
of a good “front end” becomes apparent. lence
at 14 Me. and higher it is worth while to use
at least one stage of r.f. amplification ahead of
the first detector for best sensitivity as well as
image rejection. The multigrid converter tubes
have very poor noise figures, and even the best
pentodes and triodes are three or four times
noisier when used as mixers than they are when
used as amplifiers.

1f the purpose of an r.f. amplifier is to improve
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the receiver noise figure at 14 Mec. and higher,
a high-gwm pentode or triode should be used.
Among the pentodes, the best tubes are the
6.AC7, 6AK5 and the 65G7, in the order named.
The 6AK5 takes the lead around 30 Mc. The
6J4, 6J6, and triode-connected 6AKS are the
best of the triodes. For best noise figure, the
antenna cireuit should be coupled a little heavier
than optimum. This eannot give best selectivity
in the antenna cireuit, so it is futile to try to
maximize sensitivity and sclectivity in this circuit.

When a receiver is satisfactory in every respect
(stability and selectivity) except sensitivity on
14 through 30 Me., the best solution for the ama-
teur is to add a preamplifier, a stage of r.f. am-
plifieation designed expressly to improve the
sensitivity. If image rejection is lacking in the
receiver, some selectivity should be built into the
preamplifier (it is then called a preselector). If,
however, the receiver operation is poor on the
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higher frequencies but is satisfaetory on the
lower ones, a “converter” is the best solution.

Some commercial receivers that appear to
lack sensitivity on the higher frequencies ean
be improved simply by tighter coupling to the
antenna. This can be accomplished by changing
the antenna feed line to the right value (as de-
termined from the receiver instruetion book) or
by using a simple matching device as described
later in this chapter. Overcoupling the input
circuit will often improve sensitivity but it will,
of course, always reduce the image-rejection con-
tribution of the antenna cireuit.

Regeneration

Regeneration in the r.f. stage of a receiver
(where only one stage exists) will often improve
the sensitivity because the greater gain it pro-
vides serves to mask more completely the first-
detector noise, and it also provides a measure of
automatie matching to the antenna through
tighter coupling. Ilowever, accurate ganging
becomes a problem, because of the increased
selectivity of the regenerative r.f. stage, and the
receiver almost invariably becomes a two-handed-

tuning deviee. Regeneration should not be over-
looked as an expedient, however, and amateurs
have used it with considerable success. High-gm
tubes are the best as regenerative amplifiers,
and the feedback should not be controlled by
changing the operating voltages (which should
be the same as for the tube used in a high-gain
amplifier) but by changing the loading or the
feedbaek coupling. This is a tricky process and
another reason why regeneration is not too widely
used.

Gain Control

In a reeeiver front end designed for best signal-
to-noise ratio, it is advantageous in the reception
of weak signals to eliminate the gain control
from the first r.f. stage and allow it to run “wide
open” all of the time. If the first stage is con-
trolled along with the i.f. (and other r.f. stages,
if any), the signal-to-noise ratio of the receiver
will suffer. As the gain is reduced, the g of the
first tube is reduced, and its noise figure becomes
higher. A good receiver might well have two
gain eontrols, one for the first radio-frequeney
stage and another for the i.f. and other r.f. stages.

Tuning a Receiver

C.W. Reception

For making code signals audible, the beat
oscillator should be set to a frequency slightly
different from the intermediate frequency. To
adjust the beat-oseillator frequency, first tune
in a moderately weak but steady carrier with
the beat oscillator turned off. Adjust the receiver
tuning for maximum signal strength, as indicated
by maximum hiss. Then turn on the beat os-
cillator and adjust its frequency (leaving the
receiver tuning unchanged) to give a suitable
beat note. The beat oscillator need not subse-
quently be touched, except for occasional check-
ing to make certain the frequency has not drifted
from the initial setting. The b.f.o. may be set
on cither the high- or low-frequeney side of zero
beat.

The best receiver condition for the reception of
code signals will have the first r.f. stage running
at maximum gain, the following r.f., mixer and
i.f. stages operating with just enough gain to
maintain the signal-to-noise ratio, and the audio
gain set to give comfortable headphone or speaker
volume. The audio volume should be controlled
by the audio gain control, not the i.f. gain con-
trol. Under the above conditions, the selectivity
of the receiver is being used to best advantage,
and eross-modulation is minimized. It precludes
the use of a receiver in which the gains of the
r.f. and i.f. stages are controlled simultaneously.

Tuning with the Crystal Filter
If the receiver is equipped with a erystal filter
the tuning instructions in the preceding para-
graph still apply, but more care must be used

both in the initial adjustment of the beat oscil-
lator and in tuning. The beat osciilator is set as
described above, but with the erystal filter set at
its sharpest position, if variable selectivity is
available. The initial adjustment should be made
with the phasing control in an intermediate
position. Once adjusted, the beat oscillator should
be left set and the reeeiver tuned to the other
side of zero beat (audio-frequency image) on
the same signal to give a beat note of the same
tone. This beat will be econsiderably weaker
than the first, and may be “phased out” almost
eompletely by careful adjustment of the phasing
control. This is the adjustment for normal oper-
ation; it will be found that one side of zero beat
has practically disappeared, leaving maximum
vesponse on the other.

An interfering signal having a beat note differ-
ing from that of the a.f. image can be similarly
phased out, provided its frequency is not too
near the desired signal.

Depending upon the filter design, maximum
selectivity may cause the dots and dashes to
lengthen out so that they seem to “run together.”
1t must be emphasized that, to realize the bene-
fits of the crystal filter in reducing interference,
it is necessary to do «ll tuning with it in the cir-
cuit. Its high seleetivity often makes it diffieult to
find the desired station quickly, if the filter
is switehed in only when interference is present.

A.M. Phone Reception

In reeeption of a.m. phone signals, the normal
procedure is to set the r.f. and i.f. gain at maxi-
muin, switch on the a.g.c., and use the audio gain
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control for setting the volume, This insures maxi-
mum effectiveness of the ag.e. system in com-
pensating for fading and maintaining constant
audio output on either strong or weak signals.
On oceasion a strong signal close to the frequency
of a weaker desired station may take control of
the :w.g.e., in which case the weaker station may
disappear beeause of the redueed gain. In this
case better reception may result if the a.g.c. is
switched off, using the manual r.f. gain control
to set the gain at a point that prevents “block-
ing”" by the stronger signal.

When receiving an aunt. signal on a frequeney
within 3 to 20 ke, from o single-sideband signal
it may also be new v to switeh off the agoe.
and resort to the use of manual gain control,
unless the receiver has excellent skirt selectivity,
No ordinary a.g.c. circuit can handle the svllabice
hursts of energy from the sideband =tation, but
there are special cirenits that will.

A erystal filter will help reduee interferenee in
phone reception. Although the high seleetivity
cuts sidebands and reduces the awdio output at
the higher audio frequencies, it ix possible to use
quite high selectivity without destroying intelligi-
bility, As in code reception, it ix advisable to do
all tuning with the filter in the cireuit. Variable-
seleetivity filters permit a choice of selevtivit\' te
suit interference conditions,

An undesired earrier close in frequency tu a
desired cariier will heterodyne with it to pro-
duce a beat note equal to the frequeney differ-
ence. Such a heterodyne ean be reduced by ad-
justment of the phasing control in the erystal
filter,

A tone control often will be of help in redueing
the effects of high-pitched heterodynes, sideband

splatter and noise, by eutting off’ the higher audio
frequencies. This, like sideband eutting with high
selectivity cireuits, reduces naturalness.

Spurious Responses

Spurious responses can be recognized without
a great deal of difficulty. Often it is possible to
identify an image by the nature of the trans-
mitting station, if the frequency assignments
applying to the frequeney to which the recciver
ix tuned are known, However, an image also ean
be recognized by its behavior with tuning. If the
signal causes a heterodyne beat note with the
desired signal and is actually on the same fre-
queney, the beat note will not change as the re-
ceiver is tuned thmu;,h the signal: but if the inter-
fering signal is an nnd;.,(- the beat will yary in
piteh as the receiver is tuned. The beat oscillator
in the receiver must be turned off for this test,
l'<illg a crystal filter with the beat oscillator on,
an image will peak on the side of zero beat op-
posite that on which desired signals peak.

Harmonie response can be recognized by the
“tuning rate,” or movement of the tuning dial
required to give a speeificd change in beat note,
Signals getting into the if. via high-frequency
oseillator harmonies tune more rapidly (less dial
niovement) through a given change in beat
note than do signals received by normal means.

Harmonies of the beat oscillator ean be rec-
ognized by the tuning rate of the beat-oscillator
piteh control. A smaller movement of the control
will suffice for o given change in beat note than
that necessary with legitimate signals. In poorly-
shictded receivers it ix often possible to find b.f.o.
harmonies below 2 Me., but they should be very
weak at higher quuem 10,

Alignment and Servicing of Superheterodyne
Receivers

I.F. Alignment

A calibrated signal generator or test oscillator
i 1 useful deviee for alignment of an L1 amplifier.
Some means for measuring the output of the re-
coiver is required. If the receiver has a tuning
meter, its indieations will serve. Lacking an
N meter, a high-resistance voltmeter or a vacuum-
tube voltieter ean be conneeted across the see-
ond-detector lond resistor, it the second deteetor
ix a diode. Alternatively, if the signal generator
ix & modulated type, an a.c. voltmeter ean be
conneeted across the primary of the transformer
feeding the speaker, or from the plate of the Jast
audio amplifier through a O 1-pf. blocking ea-
pacitor to the receiver chassis, Lacking an a.e,
voltmeter, the audio output can he judged by
ear, although this method is not as necurate ax
the others. [f the tuning meter ix used 2= an indi-
cation, the a.g.c. of the recciver should he turned
on, but any other indication requires that it he
turned off. Lacking a test oscillator, a steady
signal tuned through the input of the receiver
Gf the job is one of just touching up the if.
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amplifier) will be suitable. However, with no
ozcillator and tuning an amplifier for the first
time, one's only recourse i= to try to peak the
i.f. transformers on *“noise,’” a diflicult task if the
transformers are badly off resonanee, as they
are apt to be, It would he much better to haywire
together a simple oxeillator for test purposes,
Initial alignment of a new LI amplifier is as
follows: The test oscillator iz set to the correct
frequency, and its output is coupled through a
capacitor to the geid ol the last if, amplifier
tube, The trimmer eapaeitors of the transformer
feeding the second deteetor are then adjusted
for maximum output. ax shown by the indieating
deviee being used. The oscillator output lead is
then elipped on to the grid of the next-to-the-last
i.f. amplifier tube, and the second-from-the-list
transformer trimmer adjustments are peaked for
maximum output. This process is continued,
working baek from the second deteetor, until all
of the i.f. transformers have been aligned. [Tt
will be necessary to reduce the output of the test
oscillator as more of the it amplifier is hrought
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into use. It is desirable in all eases to use the
minimum  signal that will give usefui output
readings. The i1, transformer in the plate eircuit
of the mixer is aligned with the signal introduced
to the grid of the mixer. Since the tuned cirenit
feeding the mixer grid may have 2 very low im-
pedanee at the L, it may be necessary to boost
the test generator output or to disconnect the
tuned eirenit temporarily from the mixer grid,

If the if. amplifier has a crvstal filter, the
filter should first be switched out and the align-
ment earried out as above, setting the test oseil-
lator as closely as possible to the crystal fre-
quency. When this is completed, the erystal
should he switched in and the oscillator frequeney
raried buck and forth over a small range either
side of the ervstal frequeney to find the exact
frequency, as indieated by a sharp rise in output.
Leaving the test oscillator set on the ervstal
peak, the iLf. trimmers should be realigned for
maximum output, The necessary readjustment
should be small. The oscillator frequency should
be checked frequently to make sure it has not
drifted from the erystal peak.

A modulated signal is not of much value for
aligning a crystal-filter i.f. amplifier, sinee the
high selectivity cuts sidebands and the results
may be inaccurate if the audio output is used as
the tuning indieation. Lacking the a.v.c. tuning
meter, the transformers may be conveniently
aligned by ear, using a weak unmodulated sig-
nal adjusted to the erystal peak. Switch on the
beat oscillator, adjust to a suitable tone, and
align the Lf. transformers for maximum audio
output.

Ancamplifier that is only slightly out of align-
ment, as a result of normal drift or aging, can
be realigned by using any steady signal, such as
1 loeal broadeast station, instead of the test
oscillator. One’s 100-ke, standard makes an ex-
cellent signal source for “touching up’ an if,
amplitier. Allow the receiver to warm up thor-
oughly, tune in the signal, and trim the i.f. for
maximum output,

If vou hought your receiver instead of mak-
ing it, be sure to read the instruetion book eare-
fully before attempting to realign the receiver.
Most instruetion  books include  alignment
details, and any little special tricks that are
peeuliar to the receiver will also be deseribed in
detail,

R.F. Alignment

The objective in aligning the r.f. eircuits
of a gang-tuned receiver is to seeure adequate
tracking over each tuning range. The adjustment
may be carried out with a test oscillator of suit-
able frequency range, with harmonies from your
100-ke. standard or other known oseillator, or
even on noise or such signals as may be heard.
First set the tuning dial at the high-frequency
ond of the range in use. Then set the test oscil-
lator to the frequeney indicated by the receiver
dial. The test-oscillator output may be conneeted
to the antenna terminals of the receiver for this
test. Adjust the oscillator trimmer  capacitor

in the reeciver to give maximum response on
the test-oscillator signal, then reset the receiver
dial to the low-frequeney end of the range. Set
the test-oscillator frequency near the frequency
indicated by the receiver dial and tune the test
oseillator until its signal is heard in the receiver.
If the frequency of the signal as indieated by the
test-oseillator calibration is higher than that
indieated by the recciver dial, more inductance
(or more capacity in the tracking capacitor) is
needed in the receiver oscillator eircuit: if the
frequency is lower, less inductance (less tracking
cipaeity) is required in the receiver oscillator.
Most commereial receivers provide some meuns
for varying the inductance of the coils or the
capacity of the tracking capacitor, to permit
aligning the reeciver tuning with the dial calibra-
tion. Set the test oxcillator to the frequeney indi-
cated by the receiver dial, and then adjust the
tracking capacity or inductance of the recciver
oscillator coil to obtain maximuni response. After
making this adjustment, recheck the high-fre-
quency end of the seale as previously deseribed.
It may be necessary to go back and forth between
the ends of the range several times before the
proper combination of inductance and eapacity
ix sceured. Tn many cases, better over-all tracking
will result if frequencies near but not actually at
the ends of the tuning range are selected, instead
of taking the extreme dial settings.

After the oscillator range is properly adjusted,
set the receiver and test oscillator to the high-
frequency end of the range. Adjust the mixer
trimmer capacitor for maximmum hiss or signal,
then the vf, trimmers. Reset the tuning dial
and test oscillator to the low-frequency end of
the range, and repeat ; if the cireuits are properly
designed, no change in trimmer settings should
he nee rv. I it is necessary to increase the
trimmer capacity in any circuit, more inductance
is needed: conversely, if less capacity resonates
the cirenit, less inductance is required,

Tracking seldom is perfeet throughout a tun-
ing range, so that a cheek of alignment at inter-
mediate points in the range may show it to be
slightly off. Normally the gain variation will be
small, however, and it will suffice to bring the
cirenits into line at both ends of the range. 1f
most reception is ina particular part of the range,
such as an amateur hand, the cireuits may be
aligned for maximum performance in that region,
even though the ends of the frequeney range as a
whole may be slightly out of alignment.

Oscillation in R.F. or I.F. Amplifiers

Oscillation in high-frequency  amplifier and
mixer cireuits shows up as squeals or “birdies”
as the tuning iz varied, or by complete lack of
audible output if the osciliation is strong enough
to cause the a.g.e. system to reduce the receiver
gain drastically. Oscillation can be eaused by
poor connections in the common ground circuits,
Inadequate or defective bypass eapacitors in
cathode, plate and sercen-grid ecircuits also can
cause such oscillation. A metal tube with an un-
grounded shell may cause trouble. Improper
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screen-grid voltage, resulting from a shorted or
too-low sereen-grid series resistor, also may be
responsible for such instability.

Oscillation in the if. circuits is independent
of high-frequeney tuning, and is indicated by

a eontinuous squeal that appears when the gain
is advanced with the c.w. beat oscillator on. It
can result from defects in i.f.-amplifier circuits,
Inadequate screen or plate bypass capacitanee
is a common cause of such oscillation,

Improving the Performance of Receivers

Frequently amateurs unjustly criticize o re-
ceiver's performance when actually part of the
trouble lies with the operator, in his lack of
knowledge about the receiver’s operation or in
his inability to recognize a readily curable fault.
The hest example of this is a complaint about
“ack of seleetivity”” when the receiver eontains
an i.f. cervstal filter and the operator hasn’t
bothered to learn how to use it properly. “Lack
of sensitivity” may be nothing more than
poor alignment of the r.f. and mixer tuning.
The cures for these two complaints are obvious,
and the details are treated both in this chapter
and in the receiver instruetion book.

However, many complaints about seleetivity,
sensitivity, and other points are justified. In-
eapensive, and most seeond-hand, receivers can-
not be expected to measure up to the perform-
anee standards of some of the current and top-
priced receivers. Nevertheless, many amateurs
overlonk the possibility of improving the per-
formance of these “bhargains” (they may or may
not be bargains) by a few simple additions or
modifications. From time to time articles in
QST deseribe improvements for specifie receiv-
ers, and it may repay the owner of a newly-
acquired second-hand receiver to examine past
issues and see if an applicable article was pub-
lished. The annual index in each December
issue is a help in this respeet.

Where no applicable article ean be found, a
few general prineiples ean be laid down. If the
complaint is the inability to separate stations,
hetter if. (and oceasionally andio) selectivity
i= indieated. The answer is not to be found in
hetter bandspread tuning of the dial as is some-
times erroncously coneluded. For code reception
the addition of a “@Q Multiplier” to the if.
amplifier is a simple and effeetive attack; a
Q Multiplier is at its best in the region 100 to
000 ke., and higher than this its effectiveness
drops off. The Seleetoject ix a selective audio
deviee hased on similar prineiples. For phone
reception the addition of a @ Multiplier will
Lelp to rejeet an interfering earrier, and the use
of a BC-153 as a “Qd-er” will add adjacent-
channel seleetivity,

With the addition of more i.f. selectivity, it
may be found that the receiver’s tuning rate
mumber of ke, tuned per dial revolution) is too
high, and consequently the tuning with good if.
soleetivity becomes too eritical. If this is the
case, a H-to-1 reduction planetary dial drive
mechanism may be added to make the tuning
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rate more favorable, These drives are sold by
the larger supply houses and can usually be
added to the receiver if a suitable mounting
bracket is made from sheet metal, If there is
ajready some backlash in the dial mechanism,
the addition of the planetary drive will magnify
its effeet, so it is necessary to minimize the
backlash before attempting to improve the tuning
rate. While this is not possible in all cases, it
should be investigated from every angle hefore
giving up. Replacing a small tuning knob with a
larger one will add to ease of tuning: in many
cases after doing so it will then be desirable or
neeessary to raise the reeeiver higher above the
table.

If the receiver appears to lack the ability to
bring in the weak signals, particularly on the
higher-frequency bands, the performance ean
often be improved by the addition of an antenna
coupler (described eclsewhere in this chapter):
it will always be improved by the addition of a
preselector  (also  deseribed  elsewhere in this
chapter).

If the receiver shorteoming is inadequate r.f.
selectivity, as indicated by r.f. “images’ on the
higher-frequency bands, a simple antenna coupler
will often add sufficient selectivity to cure the
trouble. However, if the images are severe, it is
likely that a preselector will he required, pref-
erably of the regenerative type. The preselector
will also add to the ability of the receiver to
deteet weak signals at 14 Me. and higher,

In many of the inexpensive receivers the fre-
queney ealibration of the dial is not very accur-
ate. The receiver’s usefulness for determining
band limits will be greatly improved by the
addition of a 100-ke. erystal-controlled frequency
standard. These units can be huilt or purchased
complete at very reasonable prices, and no ama-
teur station worthy of the name should be
without one.

Some receivers that show a considerable fre-
queney drift as they are warming up ean be
improved by the simple expedient of furnishing
more ventilation, by propping up the lid or
by drilling extra ventilation holes. In many
cases the warm-up drift can bhe cut in half,

Receivera that show frequency changes with
line-voltage or gain-control variations can be
greatly improved by the additiou of regulated
voltage on the oscillators (high-frequeney and
b.f.0.) and the screen of the mixer tube. There
is usually room in any receiver for the addition
of a VIR tube of the right rating.



SimpleX Super

The “SimpleX Super” Three-Tube Receiver

The name of this receiver derives from “‘sim-
ple”, “X” for ervstal (filter), and “super” for
superheterodyne; henee a “simple crystal-filter
superheterodyne.”” For about fifty dollars and a
few nights at the workbench this little receiver
will allow you to copy practically any c.w. or
s.s.b. signal in the 40- or 80-meter band that a
much more expensive receiver might drag in. By
the flip of a switch you can tune to 5 Me. for
WWv,

This 3-tube receiver will permit the single-
signal reception of code signals. Single-sideband
phone ean be handled with no diffieulty at all.
With the b.f.o. turned off for the reception of a.m.
signals, a threshold effect shows up that prevents
digging all the way down for the weak ones, but
one can still copy plenty of a.m. signals. Since the
receiver uses only three tubes, it doesn’t have the
more-than-cnough gain of a big receiver, and its
performance won’t be very impressive on a poor
(short or low) antenna. However, if the trans-
mitting antenna is also used for reeciving, you
will find yourself backing down on the volume
control to save your cars,

Referring to the circuit diagram in Fig. 5-30,
the receiver is a superheterodyne with an inter-
mediate frequency of 1700 ke. With the h.f. oseil-
lator tuning 5.2 to 5.7 Mec., the 3.5- or the 7-Me.
amateur bands can be tuned merely by retuning
the input eircuit, Ly("y. Since 'y is large enough
to hit the two bands without a coil change, the
band-changing process consists of turning ') to
the low- or high-capacitance end of its range. To
copy WWV at 5 Me, the oscillator must be
tuned to 3.3 Me., and this is done by switching in
an additional ecapacitor across the oscillator
cireuit.

If vou are disappointed because the receiver
doesn’t tune the 21-Me. band, remember that the
“under-$100” receivers don’t cither. Sure, the
dials show 21 Me., but try to use the receivers to
hold a signal for any length of time! The SimpleX
Super, with a ecryvstal-controlled converter be-
tween it and the antenna, will handle 15 meters
like 80.

Sclectivity at the i.f. is obtained through the

Fig. 5-29—The SimpleX Super
receiver uses three dual tubes
and a crystal filter ta caver the
80- and 40-meter bands, and
it can tune ta 5 Mc. far capying
WWYV. The dial scale is made
fram white paper held ta the
panel by red Scatch tape; the
painter is a slice of the tape.

use of a single erystal. Although not as sharp as
the usual 455-ke. ervstal filter, it is sharp enough
to provide a fair degree of single-signal c.w. re-
ception and yet broad enough for good copy of
an s.8.h. phone signal.

In the detector stage, the pentode section of a
6U8BA is used as a grid-leak detector, and the
triode seetion serves as the b.f.o. Stray coupling
at the socket and in the tube provides adequate
injection. Audio amplification is obtained from
the two triode sections of a 6CG7. The primary
of a small ontput transformer, 7'y, serves as the
coupling for high-impedancee headphone output,
and a small loudspeaker or low-impedance head-
phones can be conneeted at the output winding
of the transformer. Although the audio power
output is less than a watt, it is sufficient to drive
a loudspeaker adequately in a small guiet room.

The power supply uses a large choke and two
40-uf. capacitors, and the verv slight hum that
can be detected in the headphones with the vol-
ume full on is stray a.c. picked up by the detector
grid; it doesn’t come from inadequate filtering of
the power supply. (The hum can only be heard
with no antenna on: under normal operation the
incoming notise will mask the slight hum.)

A switch at the input of the receiver is ineluded
so that the receiver ean be used to listen to one’s
own transmitter without too severe blocking.
Using the b.f.o. switch to cut in the WWV pad-
der was done (instead of by the more logical S;)
to keep the input short-circuiting leads short.

An 8 X 12 X 3-inch aluminum chassis takes
all of the parts without crowding, and the loca-
tion of the components ean be seen in the photo-
graphs, The 714 X 13-inch aluminum pancl
(Ug-inch thick) is held to the chassis by the b.f.o.
capacitor mounting screws, the phone jack, the
dial drive and the two rotary switches. The tuning
capacitor (g 18 mounted on a small aluminum
bracket made from an extra strip of the panel
material; before the bracket is finally fastened to
the chassis the capacitor and bracket should be
used to locate the dial hole on the panel. When
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Fig. 5-30—Circuit diagram of the SimpleX Super receiver. Unless otherwise indicated, capacitances are in uuf.,
resistances are in ohms, resistors are 2 watt. Polarity shown on electrolytic capaciters; fixed capaciters 330 upuf.
or less are silver mica or NPO ceramic. Nonelectrolytic fixed capacitors over 0.025 uf. are 400-volt molded tubulars.

C1—140-uuf. midget variable {(Hammarlund APC-140-8B).

Ca—15-uuf. midget variable (Hammarlund HF-15).

C3—15-puf. trimmer (Hommarlund MAPC-15-B).

C4, Ce—3-30-uuf. mica compression trimmer.

Cs—Dual 40-uf. 450-volt electrolytic (Mallory TCD-78
or equiv.).

Ji, Ja—Phono jack.

J2—Open-circuit headphone jack.

Li, L2—See Fig. 5-35.

L3, L1—105-200-ph. slug-tuned (North Hills 120-H coil
mounted in North Hills S-120 shield con).

Fixed capacitors 0.001 through 0.025 are ceramic.

Ls—36—64-uh. siug-tuned (North Hills 120-F coil mounted
in North Hills S-120 shield can).

Lg—16-hy. 50-ma. filter choke (Knight 62-G-137 or
equiv.).

Ri1—Y%2 megohm volume control, audio taper, with switch.

RFC;, RFC2—2.5-mh. r.f. choke (Waters C1155).

S1—1-pole 12-position (2 used) rotary ceramic switch
(Centralab PA-2001).

So—2-pole 6-position (4 used) rotary ceramic switch
(Centralab PA-2003).

S3—S.p.s.t. switch, part of Ry.

T1—10,000-chms-to-voice-coil output transformer (Stancor
A-3822 or equiv.).

T2—480 v.c.t. at 40 ma., 5 v. at 2 amp., 6.3 v.at 2 amp.
(Knight 62-G-034 or equiv.).

Y1—1700-ke. crystal in FT-243 holder (E. B. Lewis or
equiv.).

{All radio stores do not handle the above components.
For prices and names of dealers write to North Hills
Electric Co., 402 Sagamore Ave., Mineola, N. Y.; Knight
is handled by Allied Radio, 100 N. Western Ave., Chicago
80, llIl.; Waters Mfg. Inc., Boston Post Rd., Wayland,

Mass.; E. B. Lewis, 11 Bragg St., E. Hartford, Conn.}
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SimpleX Super
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Fig. 5-31—Details of the coil construction.

Each one is made from B & W 3014 Mini-

ductor stock, which is wound 32 t.p.i. and 1-inch
diameter. The separation between coils in L;

is 7 turns; the separation between coils L2 is 1
] turn. It is important that the coils be connected

os indicated. The Miniductor stock can be cut

into the required lengths by pushing in a turn,

6t. 26t. 8t.
[ I J (
il ] [
(I(IHII 1l UL
ANT GND GRID P + GND
L, L,

drilling the hole for the dial drive, measure the
dimension instead of nsing the template provided
with the National K dial, 1t pays to take eare in
mounting the tuning capacitor and the dial, since
a1 smooth tuning drive is an essential in any
receiver. To facilitate tuning, a National HRT
knob was used instead of the puny knob furnished
with the K dial. The other knobs are gray Na-
tional HR and HR-1,

Tie points are used liberally throughout the
receiver, as junctions for components and inter-
connecting wires, The coils Ly and Ls are mounted
on tie points, using short leads, 1f the leads from
Ls are too long, the coil will bhe “floppy”” and the
receiver may be unstable, Fig, 5-35 shows how
coils Ly and Ls are constructed and connected,
The leads from Cp and s are brought through
the chassis in insulating grommets. The 3- to 30-
pef. mica compression trimmer across Lo s sol-
dered to the tie points that support the coil.

The receiver is wired with shiclded wire for
many of the leads, in an effort to minimize hum
in the audio and feedthrough aronnd the erystal
filter. The shielded leads are marked in Fig, 5-30
where feasible; the simple rule to follow is to
shicld all B+ leads along with those shown
shiclded in Fig. 5-30. IFor easy of wiring, these
shiclded leads should be installed first or at least
carly in the construction. As the wiring pro-
gresses; a neat-looking unit ean be obtained by
dressing the leads and components in paradlel
lines or at right angles. D.e. and a.e. leads can be
tucked out of the way along the edges of the
chassis, while r.f. leads should be as direet as is
reasonable.

I this is vour first receiver or construetion job,
there are several pitfalls to be avoided. When in-
stalling a tube socket, first give a little thought
to where the grid and plate leads will run, and
orient the socket so that these leads will be direet
and not eross over the socket,

Another thing to look out for is the well-
meaning store clerk who sells you stranded wire
for making the eonnections throughout the re-
ceiver. The only stranded wire in this recciver is
in the leads from the transformers, filter capacitor
and filter choke, and in the shielded wire, and all
this only because there was no choice. Where
stranded wire is used, be very careful to avoid
wild strands that stray over to an adjacent socket
terminal and short-cireuit a part of the cireuit
without your knowing it. No. 20 or 22 insulated

cutting it inside the coil and then pushing the
newly cut ends through to outside the coil.
Once outside, it is easy to peel away the wire
with the help of long-nose pliers. When suffi-
cient turns have been removed, the support
bars can be cut with a fine saw.

GRID

solid tinned copper wire should be used for con-
nections wherever no shielding is used. Long bare
leads from resistors or capacitors should be cov-
ered with insulating tubing unless they go to
chassis grounds.

The final bugaboo is, of course, a poorly-
soldered conneetion, If this is vour first venture,
by all means practice soldering before vou start to
wire this receiver. Read an artiele or two on how
to solder, or get a friend to show you how and to
eriticize vour first attempts. A good soldering
iron is an essential; there have been instances of :
first venture having been “soldered” with an iro:
that would just barely melt the solder: the iron
was ineapable of heating the solder and work to
the point where the solder would flow properly.

There is no need to worry about the dial seale
when the receiver is first built, because the re-
cetver has to be cheeked. The seale is a sheet of
white paper held in place by red or black Scoteh
tape. The dial pointer is a slice of the same tape.

When the wiring has been completed and
checked once more against the cireuit diagram,
plug in the tubes and the line cord and turn on
the receiver through S3. The tube heaters and
rectifier filament should light up and nothing
should start to smoke or get hot. If vou have a
voltmeter vou should measure about 250 volts
on the B+ line,

With headphones plugged in the receiver, you
should be able to hear a little hum when the
volume control is advanced all the way. If you
can’t hear any hum, touching a serewdriver to
Pin 2 should produce hum and a loud click. This
shows that the detector and andio amplifier are
working,.

The next step is to tune Lg, Lg and Lg to 1700
ke., the ervstal frequeney. If vou have or can
borrow a signal generator, put 1700-ke. r.f. in at
the grid of the 6U8A mixer and peak Lz and L.
Lacking a signal generator, yvou may be lucky
cnough to find a strong signal by tuning around
with (9, but it isn’t likely. Your best bet is to tune
a broadeast receiver to around 1245 ke.: if the
receiver has a 455-ke. i.f. the oscillator will then
be on 1700 ke. Don’t depend upon the calibration
of the broadeast receiver; make vour own by
checking known stations. The oscillator of the
broadeast receiver will furnish a steady (possibly
hum-modulated) earrier that can be picked up
by running a wire temporarily from the grid of
the 6USA mixer to a point near the chassis of the
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Fig. 5-32—Top view of the SimpleX Super. The tube be-

tween the two variable capacitars is the mixer-oscillator

6UBA; the 6CG7 audio amplifier is at the far right. The

flexible insulated coupling between main tuning dicl and
the tuning capacitor is a Millen 39016.

b.c. veceiver. Adjust Ls until you get a beat with
the 1700-ke. signal, and then peak Lz and Ly,
If the signal gets too loud, reduce the signal by
moving the wire away from the b.e. receiver. Now
slowly swing the signal frequeney back and forth
with the b.f.o. turned off: you should find a spot
where the noise rushes up quickly and then drops
off. This is the erystal frequencey, and Lz and Ly
should be peaked again on this frequency if you
were a little off the first time.

An antenna connected to the receiver should
now permit the reception of signals. With ()
nearly unmeshed, yon will be in the region of the
7-Me. band, and with 7 almost completely
meshed, vou will be near 3.5 Me. Do your tuning
with the compression trimmer in the oscillator
cireuit, until you find a known frequency (it can
be your own transmitter). Let’s say your trans-
mitter has a erystal at 3725 ke, Set Cy at half
capacitance and tune with Cg until you hear your
transmitter. You shouldn’t need any antenna on
the receiver for this test. Once you have the set-
ting for the trimmer, put the antenna on the re-
ceiver and look around for other known signals,

(CHU, the Canadian standard-frequency station
at 7335 ke., is a good marker.) With luek you
should just be able to cover the 80-meter band;
if you can get one end but not the other, a minor
readjustment of the trimmer is indieated.

Onee you have acquainted yourself with the
80- and 40-meter bands, and appreciate that you
have to peak up the input cireuit (('y) fairly often
as vou tune across the hands, you are ready to
trim up the crystal filter. Run the volume fairly
high, so that vou can hear noise from the prop-
erly peaked input circuit, and turn (3 until the
noise takes on a higher-piteched characteristic.
(The b.f.o. stage is originally set up with (3 at
mideapacitance and Ly adjusted for lowest-
pitched noise.) Now tune in 2 code signal with ('
and swing back and forth through it. “One side”
of the signal should be londer than the other.
Tune to the weak side with a beat note of around
800 cyeles and then adjust Cq for minimum signal.
After a fow attempts, juggling (', C4, Ly and Ly,
you should get a condition where the single-signal
c.w. effeet is quite apparent.

All that remains is to install the dial scale and
calibrate it. A 100-ke. oscillator is ideal for this
job; lacking one or the ability to borrow one, you
will have to rely on other signals. If your crystal
filter is 1700 ke. exactly, the 80- and J0-meter
calibrations will coineide as they do on the scale
shown in Iig. 5-33; if not, the calibration marks
will be offset on the two bands.

If you find that you can’t get WWV at 5 Me.
with the 150-uuf. capacitor switched in, substitute
a 130-upf. mica in parallel with a 30-guf. trimmer,
and adjust so that WWYV falls on scale.

As vou acquaint yourself with the operation of
the recciver, you will notice that tuning (v will
have a slight effeet on the tuning of the signal.
In other words, tuning ('; “pulls” the oscillator
slightly. To remedy this would have made the
receiver more complicated, and the simple solu~
tion is merely to first peak (1 on noise and then
tune with (.

You will find this to be a practical receiver in
every way for the e.w. (or s.s.b.) operator. The
tuning rate is always the same on 80 or 40, or
15 with a converter, and 21-Me. s.s.b. signals
tune as easily as thosc on 3.9 Me. The warm-up
drift is negligible, and the oseillator is surprisingly
insensitive to voltage changes. Whetber or not
the oseillator is insensitive to shock and vibration
will depend upon the care with which the eompo-
nents are anchored to their respective tie points.

Fig. 5-33—Shielded wire, used for most of the d.c. and

60-cycle leads, lends to the clean appearance underneath

the chassis. The switch at the left shorts the input of the

receiver, and the odjacent switch handles the b.f.o. and
the padding capacitor for WWV.

The phono jack at the top left is for the antenna; the other
phono jack is for low-impedance audio output. The head-
phone jack {lower right) is for high-impedance audio output.



The 2X4+1

The 2X4+1 Superheterodyne

The receiver shown in Figs. 5-34, 5-37 and 5-38
is a two-band four-tube (2X4) reeceiver with a
transistor (4 1) 100-ke. frequeney  standard.
Other features include the ability to tune to 5
Me., for the reception of WWV,) and a dual-
ervstal filter for single-sideband and single-signal
c.w. reception. Tuning the 40- and 80-meter ama-
teur bands with good stability and scleetivity,
the receiver can be used on other bands by the
addition of ecrvstal-controlled converters ahead
of it.

Referring to the eircuit in Fig. 5-35, the
pentode seetion of a 6U8-A is used as a mixer,
with the triode portion of the same tube serving
as the oscillator. The if. is 1700 ke, and the
oscillator tunes 5.2 to 5.7 Me.: tuning the input
cireuit to the 80-meter band brings in §0-meter
signals, and all that is required to hear -10-meter
signals is to swing the input tuning, ('3, to the
low-capacitance end of its range. Although, c.g.,
a 7.05-Me. (5.35 + L.7) and a 3.63-Me. (5.35 —
1.7) signal will appear at the same setting of the
tuning dial, the two signals cannot be received
simultancously beeause the double-tuned eireuit,
(1a La and Oy Ly, between antenna and mixer
grid provides the neeessary rejecetion. To provide
optimum coupling in both ranges, the coupling
capacitance is ehanged by a switeh, Sy, actuated
by the shaft of (1. Thus the coupling change
takes place automatically as the ecapacitor is
tuned to the destred band. To make the two eir-

euits track over the entire range, a 3~ to 30-uuf
trimmer is provided to compensate for the input
capacitance of the mixer. For WWYV reception,
capacitance (g is added to the oscillator eireuit
to bring its frequeney to 3.3 Me.

The mixer is followed by the dual erystal filter
at 1700 ke. and a stage of i.f. amplification. [.f.
gain is manually controlled by a variable bias
control in the cathode cirenit of the GBAG6 i.f,
amplifier stage. A triode section of a 6CGT, Vaa,
serves as a grid-leak deteetor, and the other see-
tion is used as the b.fo. A two-stage audio
amplifier follows, providing high-impedance out-
put for headphones or low-impedance output for a
loudspeaker. The audio power is sufficient to give
more than enough high-impedance  headphone
volume and quite adequate loudspeaker volume
in a quict room.

The power supply includes a 0C3 to supply
regulated 105 volts for the two oseillators and the
sereen of the mixer.

The transistor 100-ke. ealibration oscillator
uses for its power source the 8 volts developed
across the cathode resistor of Vip. Switeh S3
turns the oseillator on and off and also adds the
capacitance to the oscillator cireuit that permits
WWV reception. The four positions of Ss are
OFF — wwv  (only) — cal (oseillator only) —
Bort. Although the 100-ke. standard is not
essential to the operation of the receiver, its in-
clusion will be found to be quite valuable.

— 1 oax

Fig. 5-34—The 2X4 + 1 superheterodyne is a four-tube receiver with 7-tube performance. It tunes the 80- and 40-
meter amateur bands, and provision is included for receiving WWYV on 5 Mc. A built-in crystal oscillator provides 100-kc.
frequency markers throughout the bands. Black knob on the left-hand side controls the
calibration oscillator and the WWYV reception.
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Fig. 5-35—Circuit diagram of the 2X4 + 1 super-heterodyne. Unless indicated otherwise, decimal capacitances are in uf., other capacitances in uuf., resistors are V2 watt.

Ci—Dual variable, 140 uuf. per section (Hammarlund
MCD-140-M).

C.,, C3—480-uuf. mica compression trimmer (Arco-
Elmenco 466).

Ci—5-puf. variable (Hammarlund MAC-5).

Cs—100-uuf. midget variable {Hammarlund HF-100).

Cs—240 puf. = 5, mica in paralle! with 30-uuf. mica
compression trimmer.

C:—35-uuf. midget variable (Hammariund HF-35).

C.— 5-uuf. midget variable (Hommarlund HF-15 with 3
plates removed).

Co—3 upf. approx. Insulated wires twisted together for 3
turns.

J1-—Phono jack.

L1 —19 turns No. 24, part of L2 stock, Vs inch from Lo,

12, L3—43 turns No. 24, %-inch diam, 32 t.p.i. (B&W 3012
or lllumitronic 632).

L;—7 turns No. 24, part of Ls stock, Y& inch from Ls.

L5~ 17 turns No. 24, Y%-inch diam., 32 t.p.i. (B&W 3012 or
Mumitronic 632}

L, Lr—64 to 105 ph., adjustable (North Hills 120-G in
North Hills S-120 shield can).

Ls—36 to 64 uwh., adjustable (North Hills 120-F in North
Hills S-120 shield can).

Lo—15-henry, 75-ma. filter choke (Stancor C-1002).

RFC), RFC2—2.2 mh., self resonant ot 1.6 Mc. (Waters

C1059).

RFC:—10 mh. (National R-50-1).

S| —Homemade cam switch mounted on Ci. See text.

S2:—2-pole 3-position rotary switch (Centralab 1472).

S3—2-pcle 6-pos tion (4 used) miniature ceramic switch
(Centralab PA-3 with Centralab PA-301 index,
2Y2 inches used).

Ti—3-watt, 8000 to 3.2 ohms, output transformer (Stan-
cor A-3329).

Ta—650 v.c.t. at 55 mo., 5 v., 6.3 v. at 2 amp. (Stancor
PC-8407).

Y1, Ya—1700-ke. crystals, FT-243 holders, surplus.
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Fig. 5-36—The cam-operated switch, Si, is made from
the contacts and insulators taken from an open-circuit
phone jack (Mallory 703} and mounted on an aluminum
bracket. The ccm, mounted on the shaft of C1, is made by
grinding one side of o small insulated knob (Johnson
116-214-1). Switch is open during minimum-capacitance
half of capacitor range. Bracket is made from o 1% X
3Va-inch strip of aluminum; the shelf is %4-inch deep.

Construction

The receiver is built on an 8 X 12 X 3-inch
aluminum chassis. A panel can be made from
1 g-inch thiek sheet aluminum or from a standard
834-inch rack panel. While the rack panel will be
more substantial, it really isn’t necessary, and the
I{g-inch stock will he adequate, The panel is held
to the chassis by the h.f.o. capacitor, ('g, the
line/b.i.o. switch, Ss, the dial, and an extra pair
of 6-32 serews,

It iz worth while to mount the tuning eapaceitor,
('5, as aceurately as possible with respeet to the
National ICN dial. For minimum backlash and
maximum strength, (7 is mounted on a three-
sided aluminum housing that is securely fastened
to the chassis on three sides by 3g-inch lips. A
good flexible insulated coupling should be used
between dial and  eapacitor shaft —a  Nillen
39006 is shown in the photograph.

The loeation of most of the major components
can be determined by reference to the photo-
graphs, The inductors Lile, Ly and LilLs are sup-
ported by suitable tie strips, as are the two
480-uuf. mica compression trimmers, 'y and (',
in the ervstal filter eireuit and the pair of 330-puf.
capacitors in the b.f.o. Lile should be wired so
that the outside ends go to antenna and grid,
and L4ls should be wired with outside ends to
plate and grid

Details of the only unusual construetion, the
cam-operated switeh Sy, are shown in Fig. 5-36.
Note that the associated 006- and ,01-uf. cou-
pling capacitors are mounted above the chassis;
a clearanee hole with a rubber grommet is pro-
vided in the chassis for the common lead baek to
Lo and L.

Nince the rotor of (‘4 must not make contact
with the panel, a large clearance hole must
he provided for the shaft bushing, and a pair

of extruded fiber washers used to insulate the
bushing from the panel. A brass serew or bayvonet,
lug should be set into the chassis at the shicld
partition between the two stators of (7, and
the shield soldered to this chassis connection.
The 3- to 30-uul. compression trimmer across
('1a ean be soldered between rotor and shield
partition.

Many of the conncetions are made with
shielded leads, to minimize hum and chanees for
feedback or feedthrough. The shielded leads are
indicated in Fig. 5-35. The lead from the antenna
jack is run in RG-38/U coaxial eable, as is the
short lead from (g to a 330-uuf. capacitor. Heater
leads to the tubes are made of shielded wire.

Alignment

The alignment procedure ean be simplified if a
short-wave receiver or a signal generator can bhe
borrowed. Lacking these, a grid-dip meter ean be
used to provide a signal source and to check the
resonanees of the tuned eireuits. If the 100-ke.
oscillator ean be checked on another reeeiver, it
can be used to align the receiver. A broadeast
reeeiver will tell if the 100-ke. oscillator is fune-
tioning — it should be possible to identify sev-
eral of the oscillator’s harmonies at 100-ke.
intervals in the broadeast band, by the reduetion
in noise at those points.

The audio amplifier of the receiver can be
cheeked by turning on the receiver and listening
to the headphones as the audio gain control is
advanced. When it is full elockwise a low-pitched
hum should be just audible in the headphones.
A further cheek ean he made by bringing a finger
near the arm of the audio gain control — the hum
should inerease.

If a means is available for cheeking the fre-
queney of the h.f.o., it should be turned on at Ss
and set on or about 1700 ke, by means of the slug
in Lg. Do this with (g set at half scale. If a broad-
cast receiver is the only measuring equipment
you have, a 1700-ke. signal ean be derived from
it by tuning the receiver to 1245 ke., which puts
its osctllator on 1700 ke. if the standard 455-ke.
Lf. is used. A wire from around the receiver to
the 2Xd441 should provide sufficient signal.
Feeding a 1700-ke. signal into the detector hy
laying the source wire near the grid of the 61B3AG
(i.f. gain arm at ground), it should be possible to
peak L; for maximum signal and, as the signal
frequencey is changed slightly, a change in piteh
of the whistle should be heard. With no incoming
signal, a slight rushing noise should he heard in
the head-phones when the b.f.o. is switehed on by
Sa. If this rushing noise is just barely discernible
inerease the capacitance at (g by adding a fow
more twists,

If the oseillator Vg is operating, o voltmeter
connected across the 4700-ohm  1-watt resistor in
its plate lead should show an inerease in voltage
when the stator of (5 or (' is shorted to ground
momentarily with a serewdriver or other con-
ductor. Conneet the + lead of the voltmeter to
the side of the resistor running to + 105 and the
— conncetion to the .00 1-uf, side. If the oseillator
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5 -HIGH-FREQUENCY RECEIVERS

doesn’t work, it may be beeause the outside turns
of Ly and Ls are not connected to plate and grid
respectively, With the b.oflo. on and €'y almost
fully meshed, set the tuning eapacitor €'; at about
90 per cent full capacitance. Run 5 to full
capacitance and slowly reduce eapacitance. At
one point you should hear a loud signal, the
seeond harmonie of the b.f.o. at 3100 ke. If the
bh.f.0. is reasonably elose to frequencey, turning on
the calibration oscillator should give a weaker
signal nearby (on the main tuning dial). Tune
('; to a higher frequeney (less eapacitance) and
vou should hear another weaker signal, the 35th
harmonie of the oscillator (3500 ke.). Peak €y for
maximum signal and leave it. Run '7 back to
about 90 per eent full ecapacitanee and then
slowly reduce eapacitance at Cs until the 35th
harmonic of the oscillator is again heard. If a
3500-ke. signal is available the adjustment can
be made in a more straightforward manner.
Once the oseillator trimmer (s has been set to
give the proper tuning range of the oscillator cir-
cuit (5.2 to 5.7 Me.), the next problem is that of
adjusting the erystal filter eireuit. With a capaci-
tance bridge, or a grid-dip meter and an indue-
tance, are set the two capacitors (g and (g at the
same capacitance (near maximuni compression)

before soldering them in the receiver, The actual
value of capacitance isn’t important. Lacking
these instruments, tighten the capacitors to full
compression and then loosen their serews hy 34
turn. Tune in a signal —1it can be from the
100-ke. osceillator or any other steady source

and peak Lg for maximum response. Tune off the
signal until it disappears and set, the piteh eontrol,
(5, to a point where the background noise is
reasonably  high-piteched. This is ecasy to de-
termine beeause at the lowest-pitehed point there
will be an inercase in hum: make the lowest-
pitched point the eenter of the knob scale by ad-
justment of Lg, and then set the piteh econtrol to
one end of its range. Tune back to the signal and
“rock” the tuning, (';, as yvou change the adjust-
ment of Lg. Look for a condition that gives con-
siderably more response on one side of zero beat
than on the other. It is a good idea to buy several
extra 1700-ke. ervstals and try them in different
combinations, Small changes in the setting of ("2
or O3 will have an effeet on the seleetivity char-
acteristie, but bear in mind that a change in
or (s must be compensated for by a readjustment
of Le. With a little patience it should be possible
to obtain a marked difference in the output
strength on the two sides of zero beat. This will

Fig. 5-37 —Top view of the 2X4 + 1 receiver. The dual capacitor at the left tunes the receiver input; a homemake cam
switch on its shaft changes the coupling between the two bands. The main tuning capacitor, rear center, is mounted on
a three-sided aluminum bracket for maximum stability. The tube to the left of the bracket is the 6U8-A mixer-oscillator
stage, and the 6BA6 i.f. stage is in front of the main tuning capacitor. The remaining tubes in shields are the 6CG7
detector/b.f.0. and the audio 6CG7 {near panel). Metal can plugged in socket above
antenna jack houses 100-ke. calibrating crystal.
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“flip over” to the other side if the piteh eontrol
is set at the other end of its range.

The remaining alignment job consists of bring-
ing the input eircuits into resonance on both
bands. With a signal tuned in at 10 meters,
“rock” €} back and forth to see if there are two
(close-together) points where the signal peaks.
If there are, adjust the 3-30-uuf. trimmer across
Lz until only one peak is found. Cheek on 80
meters in a similar fashion. If for any reason it
is found that the two-pcak condition can be
climinated on only one band at a time, it indi-
cates an abnormal amount of antenna reaetanee,
and a compromise adjustment will have to be
made.

In operation, the receiver input econtrol, Cj,
should be set for maximum volume on the in-
coming signal or noise, The i.f. gain should be
run at close to maximum on all but the loudest
signals, and the audio gain control should be set
for ecomfortable headphone or speaker volume.
If an antenna changeover relay is used, it may be
possible to monitor your own transmitter by de-
tuning the input eircuit to another band; this
ability will depend upon the transmitter power
and field in the vieinity of the receiver.

Frequency Standard

No trouble should be encountered with the
100-ke. oscillator if care is exereised in handling
the transistor. When soldering its leads in place,
hold the lead with a pair of pliers; the metal of
the pliers will absorb heat and prevent injury to
the transistor.

To tune the receiver to WWV, set C7 to mid
scale, set Sy at the WWYV position, peak C; on
noise and slowly tune with Cs. On a busy day a
wide variety of signals will he heard in this region;
look for one with steady tone modulation and
time ticks. If it can’t be found within the range of
Csg, set C7 near one end of its range and try again.
An alternate method is to diseonnect the an-
tenna, establish the position on the tuning dial
(C7) of several 100-ke. harmonies, conneect the
antenna and investigate cach one of these fre-
quencies. Depending upon one’s geographieal
loeation, there will be times when WWYV eannot
be heard on 5 Me., so don’t be discouraged by
failure on the first try. Onee WWYV has been
located with good strength, the 50th harmonie
of the 100-ke. crystal can be brought to zero beat
with WWV by adjustment of Cy.

Fig. 5-38—The input inductors LiL2 are supported by a terminal strip on the side of the chassis (upper right), and L3 is
supported nearby by a terminal strip mounted on the chassis. The coils are at right angles to minimize inductive coupling.
The oscillator inductors, Lls, are also supported by a terminal strip (top center). A mica compression trimmer to the left
of the oscillator inductors is used to center WWYV on the tuning dial; the pair of
compression trimmers below L3 are in the crystal filter circuit,
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A Selective Converter for 80 and 40 Meters

Many inexpensive “communications” receivers
are lacking in selectivity and bandspread. The
80- and 40-meter performance of such a receiver
ean be improved considerably by using ahead of
it the converter shown in Figs. 3-39 an:l 5-41.
This converter is not intended to be used ahead
of o broadeast receiver exeept for phone recep-
tion, beeause the BC set has no b.f.o. or manual
gain control, and both of these features are neces-
sury for good e.w. reception. The converter ean be
built for less than $20. and that cost can be eat

Fig. 5-39—Used chead of a small receiver that tunes to

1700 ke., this converter will add tuning ease and selec-

tivity on the 80- and 40-meter bands. The input copacitor

is the dual section unit ot the upper left-hand corner. The

erystal and the tuning slug for L; are near the center at the
foreground edge.

appreciably if the power can be “borrowed” from
another source.

The converter uses the tuning prineiple em-
ployed in the two-band superheterodynes de-
seribed earlier in this seetion. A double-tuned in-
put cirenit with large capaeitors covers both 80
and -0 meters without switehing, and the oseil-
lator tunes from 5.2 to 5.7 Me. Consequently with
an LI, of 1700 ke. the tuning range of the con-
verter is 3.5 to 4.0 Meo and 6.9 to 7.4 Me.
Which band is being heard will depend upon the
setting of the input eircuit tuning (Cy in Fig.
5-10). The converter output is amplified in the
receiver, which must of conrse be set to 1700 ke,
To add selectivity, a 1700-ke. quartz eryvstad
is usged in series with the output conneetion,
A snidl power supply isshown with the converter,
and some expense can be eliminated if 300 volts
d.e. at 15 ma. and 6.3 volts ne. at 0.8 ampere
is available from an existing supply.

Construction

The nnit is built on a 7 X 11 X 2-inch alumi-
num chassis. The front panel is made from a
6 X 7-inch picee of aluminum. The power supply
is mounted to the rear of the chassis and the
converter components are in the center and front.
The layout shown in the bottom view should be
followed, at least for the placement of Ly, Le, Ly
and L.

The input and oscillator coils are made from a
single length of B & W Miniductor stock, No.
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Fig. 5-40—Circuit diagram of the 80- and 40-meter con-
verter. All capacitances given in uuf. unless otherwise
noted.

Cy—365-uuf. dual variable, t.r.f. type.

C2—3-30-uuf. trimmer.

C.—15-uuf. variable (Bud 1850, Cardwell ZR-15AS,
Millen 20015).

Li, Lo, L, Ly, Ls—B & W No. 3016 Miniductor, 1-inch
diameter, 32 turns per inch, No. 22 wire, cut
as below,

L;—8 turns separated from L2 by one turn (see fext).

124

L2, Ls—19 turns.

Li—21 turns separated from L; by one turn.

L;—8 turns.

Le—105-200-ph. slug-tuned coil {North Hills
120H).

L7—See text.

Crystal— 1700 ke. (E. B. Lewis Co. Type EL-3).

Electric



A Selective Converter

3016, Count off 31 turns of the coil stock and
bend the 32nd turn in toward the axis of the coil.
Cut the wire at this point and then nnwind the
32nd turn from the support bars. Using a hacksaw
blade, earefully cut the polystyrene support hars
and scparate the 31-turn coil from the original
stock. Next. count off 9 turns from the 31-turn
cotl and cut the wire at the 9th turn. At the ent
unwind v hall turn from each coil, and also un-
wind o half turn at the outside ends. This will
leave two coils on the same support bars, with
half-turn leads at their ends. One coil has 21
turns and the other has 8 turns, and they are
separated by the space of one turn. These coils
are Ly and L.

The input coils Ly and Le are made up in the
same manner. Standard bakelite tie points are
used to mount the coils, Two 4-terminal tie
points are needed for LiLs and LaLs, and a one-
terminal unit is required for Ly The plate load
inductance Lgisn 105-200 gh, variable-inductance
coil (North Hills 120H). The coupling coil L7 is 45
turns of No. 32 cnam, seramble-wound adjacent
to Le. If the construetor should have difficulty in
obtaining No. 32 wire, any size small enough to
allow 45 turns on the coil form ean be substituted.

The input capacitor, €y, is a 2-gang t.r.f.
varinble, 365 puf. per section. As both the stators
and rotor must he insulated from the chassis, ex-
truded fiber washers should he used with the
serews that hold the unit to the chassis. The
panel shaft hole should be made large enough to
clear the rotor shaft.

A Natioual type () dial assembly is used to
tune €'z, One word of advice when drilling the
holes for the dial assembly @ the template furnished
with the unit is in error on the 2-inch dimension
(it is slightly short) so use o ruler to measure the
hole spucing,

In wiring the unit, it is important that the
output lead from the ervstul socket be run in
shielded wire. A phono jack is mounted on the
back of the chassis, and a picce of shiclded lewd
conneets from the jack to the ervstal socket
terminal. The leads from the stators of €' and
('3 are insulated from the chassis by means of
rubber grommets.

Fig. 5-41 —Bottam view of the converter

showing placement of parts. The cail at the

lower left is L:, and the input coil, Lils, is

just to the right of Li. The oscillator coil

Lils, is ot the left near the center. The out-
put coil, L, is near the top center.

Testing and Adjustment

A length of shielded wire is used to connect the
converter to the receiver: the inner conductor of
the wire is conneeted to one antenna terminal;
the shield is connected to the other terminal and
grounded to the receiver chassis. The use of
shiclded wire helps to prevent pickup of un-
wanted 1700-ke, signals. Turn on the converter
and receiver and allow them to warm up. Tune
the receiver to the 5.2-Me. region and listen for
the oscillator of the converter. The b.f.0. in the
receiver should be turned on. Tune around until
the oscillator is heard. Onee vou spot it, tune €4
to maximum capacitance and the receiver to as
close to 5.2 Mec. 18 vou ean. Adjust the oscillator
trimmer capacitor, Ce, until you hear the oscilla-
tor signal. Put vour receiving antenna on the
converter, set the receiver to 1700 ke., and tune
the input eapacitor, €1, to near maximum eapaci-
tance. At one point you'll hear the hackground
noise come up. This is the 80-meter tuning. The
point near minimum capacitance — where the
noise is loudest — is the 40-meter tuning.

With the input tuning set to 80 meters, turn
on your transmitter and tune in the signal. By
spotting vour erystal-controlled frequeney vou'll
have one sure ealibration point for the dial. By
listening in the evening when the band is crowded

- vou should be able to find the band edges,

Youw'll find by experimenting that there is one
point at or near 1700 ke. on vour receiver where
the background noise is the loudest. Set the re-
ceiver to this point and adjust the slug on Lg for
maximum noise or signal. When you have the
receiver tuned erartly to the frequency of the
erystalin the converter, yvow’ll find that vou have
quite a bit of seleetivity. Tune in ac.w. signal and
tune slowly through zero beat. You should notice
that on one side of zero heat the signal is st rong,
and on the other side you won’t hear the signal
or it will be very weak (if it isn’t, off-set the b.f.o.
a bit), This is single-signal c.w, reception.

When listening to phone signals, it may be
found that the use of the quartz ervstal dest royvs
some of the naturalness of the voice signal. If
this is the case, the ervstal should he unplugged
and replaced by a 10- or 20-uuf, capacitor.
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Fig. 5-42—This view of the "bonus” con-
verter shows all of the components project-
ing above the chassis. At the left on the
front is the r.f. control and next to it is the
mixer tuning. At the far right is the a.c.
switch. The tube at the [eft is the r.f. ampli-
fier, and the crystal is between the trans-
former and the mixer tube. Screw adjust-
ment to the right of the mixer tube sets the
slug of Ls.

The “Bonus” 21-Mc. Converter

The cure for most of the high-frequeney ills of
many receivers is the installation of a good crys-
tal-controlled converter between the antenna and
the receiver. The converter shown in Figs. 5-42
and 5-43, while intended primarily for 21-Me.
operation, gives a bonus of 28-Mec. reception
without any additional parts or switching. This
is accomplished by using signal circuits that tune
more than the 21- to 30-Me. range and using a
crystal-controlled oscillator at 25 Me. Using the
converter ahead of a receiver, the 15-meter band,
21.0 to 21.45 Me., will be found from 4.0 to 3.55
on the receiver. The receiver tunes “backwards.”’
The 10-meter band tunes 3.0 to 4.7 Me. on the
receiver,

Referring to Iig. 5-14, the converter econsists
of three stages, but it uses only two tubes. An r.f.
stage amplifies the incoming signals, and an oscil-
lator provides a steady signal that, in a mixer
stage, heterodynes the incoming signal to the
difference frequeney mentioned ahbove. If the
input and output eircuits of the r.f. stage aren’t
tuned to 21 Me. the 21-Me. signals can’t be
amplificd to the full capability of the stage.
However, the 21-Me. tuned cireuits aren’t too
sharp, so a single-setting will usually suffice
for most of the 21-Me. band, and all of the tuning
will normally be done at the reeeiver alone. The
47,000-ohm resistor across (g was used to make
the associated eireuit a bit broader.
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The selenium-rectifier power supply is quite
adequate for the job and makes the converter a
self-sufficient unit, although the power may be
“borrowed” from the receiver if it is telt that the
selenium supply is an unnecessary expensc.

In the crystal-controlled oscillator portion, a
capacitive divider (C3 and ('g) provides a tap on
the tank ecircuit so that the oscillator is loaded
very lightly. If you didn’t tap down on the tuned
circuit the overtone erystal, Yy, might show
lower-frequency energy as well, or it might not
oscillate at all.

The size of the chassis shown in Figs. 5-12 and
5-43 is 2 X 5 X 7 inches. However, any chassis
large enough to accommodate the parts can be
used. Most of the construction is simple but there
are a few places where certain precautions should
be taken, and these will be treated in detail.

Study the photographs, particularly the bot-
tom view, to sce how the coils and tube socket
are mounted. Notice the shield that cuts across
the 6AKS5 socket. The purpose of the shield is to
minimize the coupling between the grid and plate
circuits of the r.f. stage, to avoid oscillation. A
serap of roofing copper was cut to 334 by 2 inches
for the shield. Brass, or any other metal that can
be soldered, could be substituted. The shield and
socket should be mounted so that the shield bi-
sects the socket between Pins 4 and 5. There is a
14-inch lip on the shield which is used to mount it
to the chassis top. The metal tube
in the center of the tube socket should
be soldered to the shield; the shield
is held to the chassis by two 6-32 screws.
Soldering lugs should be mounted under

Fig. 5-43—All of the compo-
nents of the power supply are
grouped at the right. The tubu-
lar capacitor, Cs, mounts
against the chassis wall. At the
opposite side of the chassis,
the metal strip shields the input
circuit of the r.f. stage. The
coils to the right of the shield
are L3, and L4,



21 Mc. Converter

R.F. AMP.

MIXER

Ci, C2—35-};;4f. midget variable {Hammoarlund MAPC-
35-8).

C3—270-uuf. silver mica or NPO ceramic.

Cs—5-upuf. silver mica or NPO ceramic.

Cs—Dual electrolytic, 20-20 wuf. at 250 volts.

CRi—100-ma. 150-volt selenium rectifier (International
Rectifier RS-100-E or equiv.).

Ji, J2—Phono jack, RCA style.

L, Lz, L3, Li—Made of No. 20 bare, %-inch diam., 16

the nuts that hold the 6AKS5 socket, and all the
chassis ground connections of the 6AKS5 grid and
plate cireuit should be made to these Iugs.

The coils are made from B & W 3007 Mini-
ductor stock. To make the coils, first cut off a coil
of 21 turns from the stock. Next, unwind one turn
from cach end of the 21-turn coil. Now count off
5!y turns from one end and cut the wire at this
point. If you bend the 4th and 6th turns in to-
wird the center of the coil you should be able to
reach the 5th turn with your wire cutters. Un-
wind the half turn from cach side leaving two
coils on the same support bars, one 5 turns and
the other 13 turns. Two of these dual coils are
needed, one for the r.f, stage and the other for the
mixer. They can be mounted on a standard ter-
minal tie point or supported by their own leads.
Tie points provide a more rigid support.

The power supply is a siniple half-wave recti-
fier, using a transformer, selenium reetifier, and
an RC filter cireuit. Incidentally, when connect-
ing the rectifier, the + side is connected to the
oul pul side of the supply. Again, a standard ter-
minal tie point is used for most of the connections
of the supply.

The preliminary checks are simple and should
prescent no problems to the builder, First, turn on
Sy and see if the tubes light up. 1f they don't,
turn off the switch and earefully check the wiring,
Onee the tubes light, allow a minute or two for
the unit to warm up. The first thing to check is
the crystal-controlled oscillator. If your receiver
tunes to 25 Me., listen in that region for the oscil-
lator signal, which should come in loud and clear.

Fig. 5-44—Circuit diagram of the two-band crystal-controlled converter.
Unless indicated otherwise, all capacitances are in uuf., all resistors are

Y2 watt, all resistances are in ohms.

t.p.i.stock. See text. (B 8 W Miniductor No. 3007).

L5—2- to 3-uh. slug-tuned inductor (North Hills 120-A).

RFC1—50-gh. r.f. choke (National R-33, Millen 34300-50).

$1—S.p.s.t. toggle.

T1—125 volts at 50 ma., 6.3 volts at 2 amperes (Stancor
PA8422) or 135 volts at 50 ma., 6.3 volts at 1.5
amperes (Triad R-30-X).

Y1—25.00-Mc. crystal (international Crystal Co., type
FA-9).

If it doesn’t, adjust the slug of Lg until the oseil-
lator starts. Should you find that it doesn’t oseil-
late you’ll need to make some voltage checks to
make sure there is plate voltage on the oseillator,
The voltage should be approximately 110, give or
take 10 volts. If no voltage is indicated, check the
wiring for errors.

Connect the converter to vour receiver, using
a piece of coax as the connecting line. Coav is
used for the lead between the two units to mini-
mize any pickup of unwanted signals near or in
the 80-meter band. Set your receiver to tune the
right range, 4000 to 3550 ke., and turn both units
on,

Adjust 'y and Ca for maximum hackground
noise. You'll find two values of capacitance (four
points) on each capacitor that will give an in-
crease in noise, one near minimum capacitance
(plates unmeshed) and the other with more ca-
pacitance. The setting at the greater capacitanee
point is 21 Me. while the lesser is 28 Me, Adjust
the converter for maximum noise at 21 Me, and
tune your receiver across the band. If the band is
open — and don’t forget that sometimes it’s as
dead as the famous doornail — you should hear
signals. Tune in one and peak it up by tuning €'y
and Cg of the converter. Each control should give
a definite peak. Pretty nice to know that your
receiving front end is lined up, isn’t it? And it is,
you know; you align it when you peak the two
controls. Your receiver is now working as a tuna-
ble i.f. and the only adjustment required is to
peak the antenna trimmer (if you have onc) for
maximum signal,
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The “Selectoject”

The Selectoject is a receiver adjunet that can
be used as a sharp amplifier or as a single-fre-
quency rejection filter. The frequeney of opera-
tion may be set to any point in the audio range
by turning a single knob. The degree of seleetivity
(or depth of the null) is continuously adjustable
and iz independent of tuning, In phone work, the
rejection noteh ean be used to reduee or eliminate
a heterodyvne, In eaw. reception, interfering sig-
nals may he rejected or, alternatively, the desired
signal may be picked out and amplified. The
Selectojeet may also he operated ax a low-distor-
tion variable-frequeney audio oseillator suitable
for amplifier frequeney-response measurements,
modulation tests, and the like, by advancing the
“eleetivity” control far enough in the seleetive-
amplifier condition. The Seleetojeet is connected
in n reeciver between the deteetor and the first
audio stage. 1ts power requirements are 4 nia. at
150 volts and 6.3 volts at 0.6 ampere. For proper
operation, the 150 volts should be obtained from
across & VR-150 or from a supply with an output
capacity of at least 20 pf,

The wiring diagram of the Seleetoject ix hown
in Fig. 5-45. Resistors 22 and Ry, and Ry and R,
ean be within 10 per cent ol the nominal value hut

PHASE SHIFTER
R

they should be as close to each other as possible.
An ohmmeter is quite satisfactory for doing the
matehing, One-watt resistors are used beeause
the larger ratings are usually more stable over o
long period of time.

If the station recciver has an “accessory
socket ” on it, the eable of the Selectoject ean be
miade up to mateh the conneetions to the socket,
and the numbers will not neeessarily mateh those
shown in Fig. 3-15. The lead between the second
detector and the receiver gain control should be
broken and run in shielded leads to the two pins
of the soeket corresponding to those on the plug
marked “ A F. Input ” and “ A F. Output.” 1f the
receiver has a VR-150 included in it for voltage
stabilization there will be no problem in getting
the plate voltage — otherwise a suitable voltage
divider should be incorporated in the recciver,
with a 20- to $0-pf. clectrolvtic eapacitor con-
neeted from the 4 1530-volt tap to ground.

In operation, overload of the receiver or the
Seleetojeet should be avoided, or all of the pos-
sible seleetivity may not be realized.

The Sceleetojeet is useful as o means for obtain-
ing much of the performance of a crystal filter
from a recciver lacking a filter.

AMPLIFIER

8
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POSITION 1=
SELECTIVE AMPLIFIER
AND OSCILLATOR

POSITION 2=
REJECTION FILTER

Fig. 5-45—Complete schematic of Selectoject using 12AX7 tubes.

C,—0.01-uf. mica, 400 volts.

C2, C2—0.1-uf. paper, 200 volts.

C4, Ck—0.002-uf. paper, 400 volts.

C5—0.05-uf. paper, 400 volts.

Co—16-uf. 150-volt electrolytic.

C7—0.0002-uf. mica.

R1—1 megohm, V2 watt.

Rz, R3— 1000 ohms, 1 watt, matched as closely as possible
(see text).

R4, R5—2000 ohms, 1 watt, matched as closely as possible
{see text).
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Rg—20,000 ohms, Y2 watt.

R;— 2000 ohms, V2 watt.

Rs—10,000 ohms, 1 watt.

Ry— 6000 ohms, V2 watt.

R10—20,000 ohms, V2 watt.

Ri1—0.5-megohm Vz-watt potentiometer {selectivity).

Ri2—Ganged 5-megohm potentiometers {tuning control)
(IRC PQ11-141 with IRC M11-141.)

Ri3—0.12 megohm, Y2 watt.

Sy, So—D.p.d.t. toggle {can be ganged).



Antenna Coupler

Antenna Coupler for Receiving

In many instanees reeeption can he improved
by the addition of an antenna coupler hetween
the antenna feedline and the receiver, and in
all cases the r.f. image rejection will be inereased.
The unit shown on this page consists of one
series=tuned cireuit and one parallel-tuned cir-
cuit: usually its best performance is obtained
with the parallel-tuned circuit conneeted to the
reeciver input, as indicated in Fig. 5-46. How-
ever, the coupler should also bhe tried with the
connections reversed, to see which gives the better
results, The desired conneetion is the one that
gives the sharper peak or louder signals when
the eircuits are resonated.,

The coupler is built on one section of a 5 X
4 X 3-inch Minibox (Bud CU-2105A). Tuning
capacitors ('y and (’y are mounted directly on the
Minibox face, since there is no need to insulate
the rotors, The arrangement of the components
can be seen in Fig, 5-47.

The coils Ly and Ly are made from a single
length of B & W 3011 Miniductor., The wire is
snipped at the center of the coil and unwound
in both directions until there are three empty
spaces on three support bars and two empty
spaces on the bar from which the snipped ends
project. These inner ends run to the connectors
Jyand Ja. (Fig. 5-46). Unwind turns at the ends
of the coils until cach coil has a total of 22 turns.
When soldering the leads to the 3rd, 6th, Sth
and 12th turns from the inside ends of the coils,
protect the adjacent turns from solder and flux
by placing strips of aluminum cooking foil be-
tween the turns. An iron with a sharp point will
he required for the soldering,

The “panel” side of the box can be finished
off with decals indieating the knob functions and
switeh positions,

The antenna coupler should be mounted within
a few feet of the receiver, to minimize the length
of RG-59/U between coupler and reeeiver. In
crowded quarters, the use of M-359A right-angle

Fig. 5-47 —Receiver antenna coupler, with cover removed
from case. Unit tunes 6 to 30 Mc. The coil is supported by
the leads to the capacitors and switches.

adapters (Amphenol 83-58) and Jy and Jo will
make it possible to bring out the eables in better
lines,

Normally the coupler will be adjusted for
optimum coupling or maximum image rejection,
but by detuning the coupler it can be used as an
auxiliary gain control to reduce the overloading
cffects of strong local signals. The coupler eir-
cuits do not resonate below 6 Me., but a coupler
of this type is seldom if ever used in the 80-meter
band: its major usefulness will be found at the
higher frequencies,

176
ANT S, . Sz
0 L,

- RCVR
& Ja

Fig. 5-46—Circuit diagram of the receiver antenna coupler.

C1, C2—100-uuf. midget variable (Hammarlund HF-100).

J1, J2—Coaxial cable connector, $O-239.

L1, Lz—22 turns No. 20, Y%-inch diameter, 16 t.p.i. Tapped
3, 6, 8 and 12 turns from inside end. See text

on spacing and tapping.
S1, S2—Single-pole 11-position switch (5 used) rotary
switch (Centralab PA-1000).
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5-HIGH-FREQUENCY RECEIVERS

A Regenerative Preselector for 7 to 30 Mc.

The performance of many receivers begins to
drop off at 14 Me. and higher. The signal-to-
noize ratio is reduced, and nnless double conver-
gion ix used in the receiver there is likely to be
inereased trouble with r.f. images at the higher
frequencies, The preselector shown in Figs. 518
and 5- 10 can be added ahead of any reeciver with-
out making any changes within the receiver, and
4 self-contained power supply climinates the
problem of furnizhing heater and plate power.
The poorer the reeciver is at the higher Trequen-
¢ies, the more it will benefit by the addition of
the preselector.

A truly good receiver at 28 Me. will show little
or no improvement when the  preselector i
adeded. but o medioere reeciver or one without
an rf. stage will be improved greatly through
the use of the preselector.

A GCGT dual triode is used in the preselector,
one triode as a band switehed regenerative et
stage and the other as a eathode follower. A con-
ventional neutralizing eireuit ix used in the am-
plifier: by up=etting this cireuit enough the stage
ean he made to oscillate. Smooth control of regen-
eration up to this point i< obtained by varving one
of the eapacitances in the neutralizing eirenit.

It and when it becomes ne © to reduce
gain (to avoid overloading the reeeiver), the
regeneration control ean he retarded. One posi-
tion of the bandswiteh permits straight-through
operation, so the preselector unit ean he left con-
neeted to the receiver even during low-frequeney
reception.

The preselector i= built on a5 X 10 X 3-inch
chassix (Bud AC=104). A 5X 6 o-inch aluminum
panel is held to the chassis by the extension-shaft
hushing for the regeneration-control capacitor,
("5, and the bushing for the rotary switeh, The
coils, Ly and Ly, are supported on a small staging

2

Fig. 5-48—The regenerative preselector covers the range

7 to 30 Mc.; it can be used ahead of any receiver to

improve gain, image rejection and, in many cases, sensi-

tivity. A dual triode 6CG7 is used as r.f. amplifier and
cathode follower.

of 114 X 3-inch elear plastic. (It can be made
from the lid of the hox that the Sprague H5GA-SI
01-f. disk ceramie eapacitors come in.) All eoils
can be made from a single length of B&W 3011
Miniduetor. They are cemented to the plastie
staging with Duco cement,

The rotor of €7 can be insulated from the
chassiz by mounting the capacitor bracket on
insulating bushings (National NXS-6 or Millen
37201): its shaft is extended through the use
of an insulated extender shaft (Allied Radio No.
G0 H 355). The handswitch Sy ix made from the
specified sections (see Fig. 5-50).

The first section is spaced 34 inch from the
indexing head, there is l-inch separation be-

Fig. 5-49—The r.f. components are bunched around the 9-pin miniature tube socket., Power supply components are
supported by screws and tie points.
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Regenerative Preselector

AMPLIFIER

RG-58/u

Fig. 5-50—Circuit diagram of the regenerative preselector. Unless otherwise specified, resistors are

1000 FOLLOWER

Y2 watt, capacitors

are in uuf., capacitors marked in polarity are electrolytic.

C1—140-uuf. midget variable (Hammarlund HF-140).

C2—3- to 30-uuf. mica compression trimmer.

Cs—100-upuf. midget variable (Hammarlund MAPC-100-
B)

CRi—50-ma. selenium rectifier (International Rectifier
RSO50).

Ji, J2—Phono jack.

Li—19 turns, 7-turn primary.

L:—5 turns, 2-turn primary. Coils are Y%-inch diameter,
16 t.p.i.,, No. 20 wire (B & W 3011 Miniductor).

tween this and the next section (SiB), and the
next seetion (Sic, Sin) is spaced 214 inches from
Sin.

The regeneration control, ('3, is mounted on a
small aluminum bracket. Its shaft does not have
to be insulated from the chassis, so either an
insulated or a solid shaft connector can he used.
The small neutralizing capacitor, (%, is supported
by soldering one lead of it to a stator har of Cyand
running a wire from the other lead to pin 6 of the
tube socket. The rotor and stator conneetions
from €'p are brought through the chassis deek
through small rubber grommets.

Power supply components, resistors and ea-
pacitors are supported by suitable lugs and tie
points. Phono jacks are used for the input and
output connectors.

Adjustment

Assuming that the wiring is correct and that
the coils have been constructed properly and
cover the required ranges, the only preliminary
adjustment is the proper setting of (2. Connect
an antenna to the input jack and connect the
receiver to the output jack through a suitable
length of RG-58/U. Turn on the receiver b.f.o.
and tune to 28 Me. with Sy in the on position.
Now turn S; to the 21- to 30-Me. range. Swing

One-turn spacing between coils and primaries.

S1—Three-wafer switch. $i 4 and Si1 are 1-pole 12-posi-
tion (4 used) miniature ceramic switch sections
(Centralab PA-1); $ic and $iD are 2-pole 6-
position (4 used) miniature switch (Centralab
PA-3). Sections mounted on Centralab PA-301
index assembly.

Ti—125 v. at 15 ma., 6.3 v. at 0.6 amp. (Stancor PS-
8415).

RFC;—100-uh. r.f. choke (National R-33).

the TUNING capacitor, (', and listen for a loud
rough signal which indicates that the preselector
is oscillating. If nothing is heard, advance the
regeneration control toward the minimum ca-
pacitance end and repeat. If no osecillation is
heard, it may be necessary to change the setting
of (5. Onee the oscillating condition has been
found, set the regeneration control at minimum
capacitance and slowly adjust (' until the pre-
seleetor oseillates only when the regeneration con-
trol is set at minimum eapacitanee. You can now
swing the receiver to 21 Me. and peak the pre-
selector tuning eapacitor. It will be found that the
regeneration capacitance will have to be increased
to avoid oscillation.

Check the performance on the lower range by
tuning in signals at 14+ and 7 Me. and peaking
the preseleetor. Tt should be possible to set the
regeneration control in these two ranges to give
both an oseillating and a non-oscillating eondition
of the preselector.

A little experience will be required before you
can get the best performance out of the preselee-
tor. Learn to set the regeneration control so that
the preselector is seleetive, but not so selecetive
that it must be retuned every 10 ke, or so.
Changing antenna loads will modify the eorrect
regeneration control setting,
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5—-HIGH-FREQUENCY RECEIVERS

A Clipper/Filter for CW. or Phone

The clipper/filter shown in Fig. 5-51 is plugged
into the receiver headphone jack and the head-
phones are plugged into the limiter, with no work
required on the receiver. The limiter will cut
down serious noise on phone or ¢.w. signals and
it will keep the strength of c.w. signals at a con-
stant level, and while the filter will add selectivity
to your receiver for ¢.w. reeeption, the unit will
do much to relieve the operating fatigue caused
by long hours of listening to static erashes, key
clicks encountered on the air and with break-in
operation, and the like.

There are times when only the selective audio
cireuits will be wanted, while on other occasions
only clipping will be needed. Since it is a simple
matter to provide a switching arrangement so
that either function, or both, can be used at will,
this has been done in the unit described here.

The frequency response of the selective cireuits
reaches a peak at about 700 eveles and has a null
at about 2000 cycles. The peak frequency is de-
termined by the combined values of Ly, (1, and
(s (or Lz, C3and (), while the notch frequency
is that of the parallel-resonant cireuit L'y (or
L:C3). 1f different peak and null frequencies are
desired the values of (1 and (s (and ('3 and (')
can be changed; for raising the notch frequency
the capacitance of ¢y and Cj should be made

CLIPPER
o RECEVER
PHONE JACK H GAle

o

gmaller; to raise the peak frequency reduce the
capacitance at ('2 and Ca.

The rotary switch 8p (Fig. 5-51) is used to pro-
vide different combinations of the clipper and
filter. To simplify the wiring diagram the switch-
ing cireuit is shown separately in the diagram.

The filter-clipper can be built on an aluminum
chassis, but a stecl cabinet should be used to
house the unit. Steel is preferable to aluminum
heeause Ly and Le arve sensitive to stray magnetic
fields (which would show up as hum at the out-
put) and the steel cabinet aids in shiclding. One
layout precaution should be observed: Place the
filter inductors L; and Ly as far as possible from
the power transformer, and mount them with
their cores at right angles to the core of the trans-
former. This will minimize hum pickup by the
inductors.

Before mounting Ly and La, it will be necessary
to remove the mounting frames and insulate the
«}? |aminations, as shown in Fig. 5-52. The
frame is removed easily by prying out its two legs
and then lifting it from the core. The “]” lamina-
tions are in the form of a bar lying across the top
of the “L”’ core.

By mounting the chokes with nonmetallic
straps the Q will remain high. If aluminum or
other nonmagnetic materials are used the @ will

AMPLIFIER -~ FILTER

CATH. FOLLOWER
112807 or equiv

A
A
] a
[. (19135
3 2
T' S2a WO Sz

T

Fig. 5-51 —Circuit of the two-stage clipper-filter. All capacitances are in uf. All 0.01 uf. capacitors may be ceramic;
capacitors marked with polarity are electrolytic. Others should be tubular plastic or mica. Resistors are Va2 watt unless

otherwise specified. Switch functions are as follows: Position 1, dual filter alone;

Position 2, clipper and dual filter;

Position 3, clipper alone; Position 4, straight through with cathode-follower output.

CR;—50-ma. selenium rectifier.
1y —6.3-volt pilot lamp.
3, —Open-circuit phone jack.

Ly, Lz—5-h. 65-ma. filter choke; frame removed and choke

remounted as described in the text.
$,—S.p.s.t. toggle switch
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So—3-section 6-pole 4-position rotary switch, shorting
type preferable. (Centralab PA-1020).

T, Ta—Output transformer: 7000-10,000-ohm primary
to 3.2-ohm voice coil (Thordarson24552).

Ts—Power transformer: 125 volts, 50 ma.; 6.3 volts, 2
amps. (Stancor PA-8421).



A Clipper/Filter

/a s A

Fig. 5-52—Sketch showing the
method of clamping ond tuning the
filter inductors. Clamping strips
must be of bakelite, phenol, plastic
or other suitable insulating mate-
rial. Metal should not be used.

LAYERS OF PAPER

LONG MACHINE
SCREWS

/:_ii

'CLAMPING STRIPS
3 THICK

be adverscly affected and the sclectivity of the
filter will suffer.

The switeh wiring shown at the bottom of the
schematie diagram can be done before mounting
Sain place. After the switeh is mounted the wiring
between it and the other components can be
completed.

Apply power by closing 8y, insert the plug in
the recciver phone jaek and turn switch Sq to the
“out” or straight-through position. Tune the
receiver until a e.w. signal is found and adjust
the reeciver controls for eomfortable copying.

Now turn Sy to the “elipper” position. In order
to become familiar with the action of the elipper
these steps should be followed: Adjust the “elip-
ping” control so no clipping oceurs (maximum
positive bias on the diode plates). Set the “elip
level” control on the unit so that there will be no
apparent change in the strength of the c.w. signal
when switching from “elipper” to “out” and
back to “elipper.”’ Then turn the “elipping”’ con-
trol until the positive bias is low enough to eanse
limiting to start; the point at which limiting be-
gins ean be recognized by the fact that the signad
strength begins to deerease. Back off slightly with
the “elipping” control so that the signal strength
in the phones is just at the original level

Tuning the receiver without the use of the
limiter shows signals of all strengths, ome so loud

\ TAPPED HOLES—/

as to be ear-breaking: but switching to “elipper”’
will nike these big ones drop down to the “‘com-
fortable” preset level.

The filter ean be aligned with the help of an
audio signal generator and a seope. The procedure
is to set the two tuned cireuits individually to
within 10 to 13 eveles of the chosen peak fre-
queney, but on opposite sides of that frequency.
This adjustinent can be made by tightening or
loosening the elamping serews on cach ehoke until
cach eireuit is tuned to the desired frequency. Al-
tering the number of layvers of paper placed be-
tween the “I17 and “177 laminations of either or
hoth chokes will allow any two similar chokes
which, due to manufacturing tolerances, may be
of slightly different inductances, to be tuned to
the same frequeney, The filter is then ready to go.
If the response is too sharp, slightly greater sepa-
ration of the two frequencies ean be achieved by
readjusting the elamp on one of the chokes.

In order to peak a desired signal the receiver
b.l.o. or tuning control should be adjusted so the
piteh of the signal is 700 eyeles. Since the selece-
tivity curve is rather sharp, any adjacent un-
desired signals will fall short of the peak and he
attennated, If the receiver b.f.o. has suilicient
range to tune 700 cyveles or more on bhoth sides
of zero beat, the undesired signal can always be
placed on the noteh side of the peak,

A Simple Audio Limiter

il

1YV, -
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Fig. 5-53—Circuit diagram of a simple audio limiter.

CRy, CR2—1N34A or similar germanium diade.

Ji—Open-circuit headphone jack.

Py—Headphone plug.

S1—D.p.s.t. toggle or rotary switch,

A Keystone battery holder No. 155 {Allied Radia) will
hold two Burgess N, Eveready W468 or

Ray-0-Vac 716 flashlight cells.

A simple audio limiter to hold down static
crashes and key clicks ean be made from two
flashlight cells, two germanium diodes and a few
other parts. Its use requires no alteration of the
reeciver, since it is plugged in at the output jack
of the reeciver and the headphones are plugged
into the limiter. A suitable eireuit is shown in Fig,.
5-533. No constructional details are given beeause
there is nothing eritical, If desired, the parts ean
be housed in a small utility cabinet or ““Minibox.”’
Leads ean be soldered direetly to the flashlight
cells or) if desired, a suitable battery holder can be
obtained from a radio or model airplane store.,
Hold the germanium diode leads with pliers
when soldering, to prevent heat from reaching
and injuring the erystals,
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5 -HIGH-FREQUENCY RECEIVERS
DCS-500 Double-Conversion Superheterodyne

The recciver shown in Fig. 5-31 was designed
to meet a need for a better-than-average ham re-
ceiver requiring a minimum of mechanical work
and using standard and easily obtainable parts. It
incorporates such features as a 100-ke. calibrator,
provision for reception on all ham bands from 80
through 10 meters, adequate seleetivity for to-
day’s crowded bands, and stability high enough
for copying s.s.b, signals. Dubbed the DCS-500
heenuse of its 500-cvele seleetivity in the sharpest
i.f. position, it is a double-conversion  super-
heteradyne reeeiver eapable of giving good results
on cither a.m., eav. or s.sh.

The Circuit

Referring to the cireuit diagram, Figs. 5-55
and 5-56, a 6BAG r.f., stage is followed hy a
6USA mixer-oscillator. The £.3-Me. mixer output
is amplified by a 6BA6 and filtered by a two-
stage ervstal filter, after which a 6USA sccond
mixer-oscitiator, ervstal-controlled, heterodynes
the signal to 50 ke.

The combination of 1.f. amplifiers may appear
rather unusual at first glanee, sinee one might
expecet that a eascade erystal filter in the high-
frequency i.f. would make further scleetivity un-
necessary. This would be true with highly devel-
oped filters, hut two filters are needed if the best
possible job ix to be done on hoth phone and e.w.,
and sueh filters are expensive. With inexpensive
surplus ervstals such as are used in this receiver
it would he difficult, if not impossible, to mateh
the performance of the high-class filters: in addi-
tion, speeial test equipment and extreme eare in
adjustment would be necessary. The approach
used here is to nse the surplus erystals without
sueh special adjustment,  thereby achieving a
good, if not quite optimun, degree of seleetivity
against strong signals near the desired one, and
then to back up the filter by a low-frequeney if.
amplifier that will give the “elose-in’’ straight-
sided selectivity needed in present-day operation.
The overall result is a high order of protection
against strong interfering signals at considerably
less cost, for the entire double-i.f. svstem, than
that of two high-performance filters alone. The
choice of 1.5 Me., approximately, for the first i.f.
was based on the availability of surplus erystals
around this frequeney, with due consideration for
minimizing spurious responses. A sceond if. of
50 ke, was chosen hecause it lent itself nieely to

the utilization of low-cost TV horizontal-oscil-
lator coils as i.f. transformers.

The two i.f. amplifiers at 50 ke. contribute the
necessary adjacent-channel seleetivity. Three de-
grees of selectivity are available, depending on
the degree of capacitive coupling between the
two windings of cach i.f. transformer. The greater
the number of eapacitors switehed in parallel —
that is, the larger the coupling eapacitanee — the
Jower the coupling between the windings and
thus the greater the seleetivity.

A standard diode deteetor develops the audio
output for all reception modes. The output of the
deteetor ix simultancously applied to hoth the
first audio amplifier and the audio a.g.e. cireuit.
A series-type noise limiter ean he used on a.m. to
reduce imptlse-noise interference, but this type
is ineffective on c.av. or =2, heeause of the large
amplitude of the h.f.o. injeetion voltage.

The b.f.o., a Hartlev-tvpe oscillator, can be
tuned from 3 ke, above to 3 ke, below its 50-ke.
center frequeney by the tuning eapacitor.

The first audio stage is o normal Class A volt-
age amplifier with its output either coupled to
the grid cireuit of the audio output tube or to a
phone jack. High-impedanee head-phones (20,000
ohms a.e. impedance or higher) are required.
Plugging in the phones automatically  discon-
neets the speaker. If low-impedance headphones
are used. they ean be conneeted to the speaker
terminals. Capacitances shunting the grid re-
sistors restriet the audio response to an upper
limit of about 4000 eyeles.

The audio output transformer couples to a low-
impedance (3.2-ohm) speaker. The 47-ohm re-
sistor across the sccondary proteets the trans-
former in the absence of a speaker load.

The audio output of the deteetor is also ampli-
fied separately in the audio a.g.e. eirenit and then
reetified to develop a negative voltage that can
he nsed for a.g.e. on cav. and sxb. Two different
time constants are used in the reetifier filter eir-
cuit, for either fast- or slow-deeay a.g.c.

The 100-ke. ealibrator employs two 2N107
p-n-p transistors, one as the oscillator and the
second as a 100-ke. amplifier. Its transistors ob-
tain the necessary operating potential from the
cathode resistor of the audio output tube, Output
from the 100-ke. mnit is capaeity-coupled to the
antenna winding of the r.f. coil, Calibrating sig-
nals at 100-ke. intervals are available on all fre-
quencies covered by the reeciver.

The calibrator unit is construeted in a separate

Fig. 5-54—The DCS-500 double-conversion superhetero-
dyne. Left bottom, antenna trimmer, 100-ke. calibrator
switch; center, left, top to bottom, noise-limiter switch,
volume control, sensitivity control; center, right, b.f.o.
switch, a.g.c. speed, selectivity; right, headphone jack,
b.f.0. pitch control. The dial is o National ICN. Front panel
is 8% inches high; the receiver is mounted in a Bud CR-1741
rack cabinet.
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DECIMAL VALUES OF CAPACITANCE ARE IN uf.,
OTHERS ARE IN ppuf. EXCEPT AS INDICATED.
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Fig. 5-55—Front-end circuit of the receiver. Unless otherwise spacified, resistors are /2 watt; 0.01 ond 0.02-uf. capacitors
are disk ceramic, 600 volts; 0.5 capacitors are tubular paper; capacitors below 0.01 uf, are
mico; capacitors marked with polarities are electrolytic.

C1—50-uuf. variable (Hommarlund HF-50),

Cz, Cs—See coil table.

C3—2-section varioble, 5—28.5 uuf. per section, double
spaced (Hommarlund HFD-30-X).

C5--3-30-uuf. ceramic trimmer.

Ji—Coaxial receptacle, chassis mounting (SO-239).

Li, L2, Lu—See coil table.

Ly, L;—18-36-ph. slug-tuned (North Hills 120E coil

Minibox so that it can be plugged into the ac-
cessory socket of the receiver or used as an indi-
vidual unit powered by penlite cells,

The power supply, Fig. 5-37, is a full-wave ree-
tifier with a choke-input filter. It provides ap-
proximately 250 volts d.e. under load. A 0.25-uf,
capacitor is shunted across the 10-henry filter
choke to form a parallel-resonant eireuit at 120
ceyeles; this provides an inereased impedance to
the ripple component and thus reduces hum in
the output of the supply.

The power-supply requirements are 250 volts
at 110 milliamperes, and 6.3 volts at approxi-
mately 5 amperes. Any transformer-choke com-
bination fulfilling the requirements can be used.

Front End

The use of plug-in coils for the front end
eliminated the meehanical problems of a band-

mounted in North Hills $-120 shield can).
Ls—4.7 mh. (Waters C1061).
L7—1-2-mh. slug-tuned (North Hills 120K).
RFCy, RFC2—4.7 mh, (Waters C1061),
$1—Single-pole rotary.
Y1—100 kc. {Jomes Knights H-93).
Y2, Ys—4495 ke. {surplus).
Yi, Y:—4490 ke. (surplus).

switching tuner, and also offered the possibility
of realizing higher-Q  tuned cireuits, Ganged
tuning of the r.f. amplifier along with the h.f.
oscillator and mixer cireuits was deeided against
heeause of the complexitios it would eause in coil
construction and the problem of keeping three
stages tracking with each other. The r.f. amplifier
has to be peaked separately by the antenna trim-
mer, but separate peaking insures maximum
performance at all frequencies.

Construction

The reeciver is construeted on o 12 X 17 X
2-ineh aluminum chassis with an 834 X 19-inch
aluminum front panel, which permits it to be
installed in a table-type rack cabinet. The gen-
eral layout of components can bhe scen in Figs.
5-58 and 3-60. A good procedure to follow when
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2 no. CONV, OSC.

1000

DECIMAL VALUES OF CAPACITANCE ARE INp'.;
OTHERS ARE IN pul. EXCEPT AS INDICATED.

+105v. +250V R, 10 4.6.C. LINE +105V, +250V. TolAGC
SENSITIVITY OFF AGC. LINE
i l S
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Fig. 5-56—L.f. amplifier, detector,
0.02-uf. capacitors are disk ceramic, 600 volts;

a.g.c. and audio circvits. Unless otherwise specified, resistors are Y2 watt; 0.01- and
0.5-uf. copacitors are tubular paper; capacitors

below 0.01 uf. are mica; capacitors marked with polarities are electrolytic.

Cs, C7, Cs, C, Cin, C11—0.01 mica (Aerovox CM-30B-103)

Ci12—9-180-puf. mica compression trimmer.

C13—50-upf. variable (Hommarlund HF-50).

C1s—0.1-uf. paper (Sprague 2TM-P1).

J2—Phono jack.

Ja—Closed-circuit phone jack.

Le— 125 mh. (Meissner 19-6848).

La—9-18 wh., slug-tuned (North Hills 120D).

M1—0-1 d.c. milliommeter (Triplett 227-PL).

Ri—2500-0hm, 4-watt controi, wire-wound.

Ra—0.5-megohm control, audio taper with push-pull type
switch (Ss) {Mallory No. PP55DT1683).

R:— 1000-0hm, 1-watt control, wire-wound.

RFC3—10 mh. {National R-50-1).

S, Ss—Rotary, 1 section, 1 pole, 2 position.

starting to wire the receiver is first to complete
the power supply and heater wiring, and then
start wiring from the antenna toward the
speaker. This allows proceeding in a logieal order
<o that the work ean be picked up readily at any
tinte after an intermission,

The use of good quality cernmie tube and coll
sockets, particularly in the front end, is highly
recommended. When mounting the sockets orient
them so that the leads to the various points in
the eireuit will be as short as possible.

Millen coil shiclds (80008) are used around
the plug-in coils in the front end — ie., the r.f.,
mixer and oseillator — and the shield bases are
mounted with the same serews that hold the
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Sy—Rotary, 2 section, 1 pole per section, progressively
shorting. Switch section Centralab PA-12, index
Centralab PA-302.

Si—Rotary, 1 section, 5 poles per section (4 poles used),
3 positions used, Centralab PA-2015.

S;—Rotary, 1 section, 2 poles per section, 2 positions used.
Centralab PA-2003.

T1-Ts, inc.—50-ke. i.f. transformers made from TV com-
ponents {Miller 6183); see text.

To—B.f.0. transformer (Miller 61 83); see text.

T;—Audio interstage transformer, 1:2 ratio (Thordarson
20A16).

Ts—Audio output transformer, 5000 to 4 ohms {Stancor
3856).

Yo—4540 Kc. {surplus).

coramie coil sockets. All plug-in ecoils are wound
with No. 26 enameled wire on Amphenol poly-
styrene forms, and Hammarlund APC-type air-
paudder eapacitors are mounted in the reeesses at
the tops of the coil forms. After finishing a eoil it
is 2 good idea to fasten the winding and the
trimmer capacitor in place with Dueo eement.
Deeal each sot of coils for a particular band and
mount them on small wooden bases that have
holes to take the pins Then paint or stain cach
of the coil-set bases, The final result will be a
neat and convenient arrangement for holding the
coils for cach band (IFig. 5-59). Plug-in coil data
for each band are given in the coil table.

The tuning ecapacitor, C3, is mounted on the
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AG.C. LINE

chassis and reinforced by a bracket to minimize
any roeking movement. This bracket is triangular
in shape with a right-angle flange at the hottom.
It is drilled to take the front hearing sleeve of the
tuning eapacitor and held firmly to it by the
capacitor mounting nut and a lock w her, as
shown in Fig. 5-58. Flexing of the chassis can he
minimized by the use of lengths of angle stock
holted to the chassis at strategic points through-
out the receiver. Fxact alignmeut of the tuning
capacitor with the dial shaft is not always pos-
sible, so aflexible coupling (Millen 39016) 1s used.

When wiring the erystal filter keep leads as
short and direet as possible, as this will minimize
stray coupling between the input and output
ends, which would deteriorate the performance
of the ervstal-filter cireuits.

The 30-ke. i1, eircuits used Miller 6183 TV
horizontul-oscillator  replacement  coils as if,
transformers. These coils must be altered before
they can be used. As they arve supplied, the ter-
minal lugs are hrought out at the top of the can:
these lugs must be reversed before the can is
mounted. By applying slight pressure to the
phenolic coil form the assembly will slide out of
the aluminum shield ean and then ecan be re-

oAM,

ew, DFCIMAL VALUFS OF CAPACITANCE ARE IN pl.;
5.5.8, OTHERS ARF IN puf. €XCEPT AS INDICATED.

AGC. RECT

TO Sgp
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K
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.0068 o0
P 7 e
}”ij \Z SCG 2w

94
Rz 1= q
500% 4]
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+

+ 260V
AuDIO
cain 470
3900 S A
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lopt +250V.
25v.

versed. However, hefore reassembling the unit a
fow slight changes must be made. There are aetu-
ally two separate windings: each one will be tuned
and used cither as a primary or secondary for the
A0-ke. Lf. transformer. The tap on the large
winding must be lifted off the soldering lug €,
taped, and tucked away, being careful not to
break it: this leaves just the lead from the small
winding on terminal C. Terminals A and F repre-
sent the large winding. The small eoil is tuned by
connecting i 680-pul. mica capacitor between
terminals ¢ and D: these capacitors should he
fastened on the soldering lugs inside the shicld
can. The ean is then slipped back over the eoil
and ecapacitor, keeping in mind that the lugs
must come out the bottom, and the assembly is
ready for mounting on the chassis,

The b.lo. coil is also a Miller 6183, and the
procedure for reversing the assembly hefore
mounting is identical to that followed with the
50-ke. transformers. However, it is not necessary
to alter any of the wiring in the b.f.o. trans-
former, sinee only the large winding (A — I*) and
its tap (C) is used.

Point-to-point wiring is recommended, along
with generous use of hoth insulated tie points and
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TO vy

6UBAS

150/2w.

6CGT  6AQS

AV
=y L

Fig. 5-57 —Power-supply circuit. Capacitors marked with polarities are electrolytic.

Ci5—0.25-uf. paper, 600 volts.
Lio—Filter choke, 10.5 henry, 110 ma. {Knight 62 G 139).
P1—Fuse plug.

ground lugs, Use of shielded wire facilitates rout-
ing wires throughout the receiver as the shields
can he spot=soldered to ground lugs and to each
other in bundles. When wiring, motint compo-
nents at right angles to the chassis sides wherever
possible; this helps give the finished unit a neat
appearance. In eritical eireuits, however, do not
wwcrifice short and direet leads for the sake of
making the unit look pretty.

Placing the receiver in a rack cabinet and
marking all controls on the front panel with
deeals also helps in giving the finished receiver a
neat and “commereial” appearance.

The Calibrator

The 100-ke. ealibrator is built in o separate
4 X 4 X 2-inch aluminum box and plugs into the
accessory socket at the left rear of the reeciver
chassis. Fig. 5-61 shows the interal constrizetion,
The accessory socket provides the necessary
operating voltage for the transistors and offers
2 convenient means for coupling the 100-ke. har-
monies out of the ealibrator into the reeciver. If
the ealibrator is to he used as a self-contained
unit it must be supplied with approximately 710
volts. A series arrangement of penlite eells, or a
mereury battery, ean be used. .\ battery clip

s &

Ss— See R, Fig. 5-56.
To— Power transformer, 700 v. c.t,, 120 ma.; § v.,3 amp.;
6.3 v., 4.7 amp. {Knight 62 G 044).

mounted on the side of the box is a convenient
way (o hold the internal batteries. 1f the unit is
to be self-contained, a separate output jack for
the calibrator must be provided. A phono jack
may be used.

I.F. Alignment

Before starting alignment of the reeeiver, first
dotermine whether the audio stages are funetion-
ing correctly. An audio signal shotld be coupled
to the top end of the volume control, and varyving
the control should change the output level of the
audio signal. 1f an awlio signal is not available,
the 60-cvele heater voltage will provide a con-
venient audio signal for cheeking,

There are various ways to approach the align-
ment problem. A 30-ke. signal generator ean be
used: however, these are hard to come by, Some
of the better audio oseillators go as high as 50 ke.
and ean be used for alignment purposes. A second,
and possibly superior, method is to use any of
the numerous signal generators which will deliver
4.5-Me. output: fed into the first i.f. amplifier
grid, the 4.5-Me. signal will beat against the
second conversion oscillator to produce a 50-ke.
i.f. signal which then can be used for alignment.
This method also insures that the first 1.f. signad

Fig. 5-58—The power supply is built along the
back of the chassis; filter capacitor and VR
tube are just in back of the filter choke in this
view. The crystal calibrator unit at right is
cushioned by rubber bumpers mounted on the
receiver chassis. Cs is on top of the calibrator
unit. Front-end coil shields are at the top right
in this photograph, along with the tuning
capacitor bracket and flexible coupling. The
on-off switch, Si, on rear of the audio gain
control, is a new push-pull type. Filter crystals
are grouped behind the volume contro!, and
the second conversion oscillator crystal is
slightly to their left. The 4.5-Mc. i.f. trans-
formers (in the small shield cans) are close to
the filter crystals. The b.f.o. coil is at the
extreme left in this view; all other large cans
contain the 50-kc. i.f. transformers. Connec-
tions on the back chassis wall, left to right, are
the muting terminals, B-plus output for auxiliary
use, speaker terminols, i.f. output {phono jack),
and antenna input connector.
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Fig. 5-59—Each set of coils is provided with o wooden
base for storage. C2 and C, are mounted in the recesses

at the tops of the oscillator and mixer coil forms.

Band Seeondary
turns elose-w ound.,

3.0 Me

| turns, elose-wound,

turns =3
turns spaced to 7g-inch,
28 Me,

DCS-500 Coil Table
Al cotls wound with No. 26 enameled wire on 11 g<inch diameter polvstyrene forms, R.fL coil
forms wre four-prong (Amphenol 24-1P): mixer and oscillator coils are five-prong (Amphenol
24-51). o and Cyoare Hammarlund APC-30 exeept on 3
counted from ground end. Primaries and ticklers are elose-wound in the same direction as the
main coil at hottom of coil form: grid and plate (or antenna) connections at outside ends,

turns elose-wonnd, tapped at 264, tarns,
turns close-wound, tapped at 19 turns,

7 Me, turns spaced to 1 ineh, Tapped at 955 turns, Gy otarns, spreing from seconda
o to Toineh, Tapped at 13 tarns, 75, turns, spacine from secondary.,
ed to 5S¢ inch, 65, trns, ~pacing from secondary,

14 NMe. Tapped at 3 turns, 54y turns, spacing from secondary.,

turns spaced to %y inch, Tapped at 174 turns. 34, turns, spacing from secondary,
i turns spaced to 45 inch, G5 turns, spaeing from seconda
21 Me. turns spaced to 11 inches, Tapped at 2 turns. 3%y turns, Se-ineh spacing from secondary.,

ced te B ineh, Tapped at 2 turns, 33y turns, Y-inch spacing from seconda

turns spaced to 1Yy inehes, Tapped at 2 turns, 434 turns,
turns spaced to 3y ineh, Tapped at 114 tnrns, 25 tarns, V-ineh spacing from secondary,

5 Me., which takes APC-TH, Taps are

Diimary or Tickl s
104 turns, 3d-ineh spacing from secondary.
114y tarns, i-ineh spacing from secondary.,
' i H 3
v turns, Vinely spacing from secondary.
| I
v turns, Peineh spoacing from seeonda

7
7

iy turns, T-ineh spacing from sceonda

Vy-ineh spacing from secondary,

will fall within the ery=tal filter bandpass in case
the ervstal frequencies are not exaet. When align-
ing, conucet a dies voltmeter  (preferably o
vitvn) aeross the deteetor load resistor (point
1) of 75 and chassis), turn the i.f. gain control
about three-quarters open, and tune hoth the
plate eireuit of the second conversion oscillator

and the 50-ke. 1.1, transformers for maximum out-
put, ax indicated on the meter. The output of the
signal generator should not be modulated, and at
the start will most likely he “wide open.” How-
ever, as alignment progresses the ontput of the
generator will have to be progressively deereased.
When aligning the L1, transformers there should

Fig. 5-60—The potentiometer for S-meter adjustment and the audio output transformer are on the right chassis wall
in this view. The 50-kc. i.f. trap is located just above the power transformer in the lower right-hand corner. The antenna
trimmer is located at extreme left center. The crystal filter sockets are at top center, and to their left on the front wall is the
calibrator switch 5. To the right of the calibrator switch is the sensitivity control, followed to the right by the selectivity
switch S2 and the b.f.o. pitch-control capacitor. The octal accessory socket for the calibrator is ot the lower left. As shown,
shielded wire spot-soldered together in bundles can be routed conveniently to various points in the receiver. Ceramic
sockets are used throughout the front end {center left). Mounting components parallel with the
chassis sides helps give the finished unit a neat appearance.
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be a defimte peak in output as cuch cirveuit is
brought through resonance. If a particular coil
does not peak, that eoil and its associated cireuits
<honld be checked. After peaking one winding of
a transformer, recheck the other; it may need
touching up. After alignment of all the 50-ke.
coils is completed, go back and *“rock” each coil
shig to be sure it is peaked for maximum output.
This completes the 30-ke. alignment.

Leave the signal generator on, st the b.fo.
piteh control at half capacitance, turn the b.lo.
on, and adjust its coil shig for zero heat with the
50-ke. 1.0, signal. Varying the piteh control over
its range should produce a tone with a maximum
frequency of 3 ke, either side of zero beat.

Next. the 50-ke. trap on the ontput of the
deteetor should be adjusted. Conneet the vertieal
input terminals of an oseilloscope between the
plate of the first audio amplitier and chassis, turn
on the b.f.o., and adjust Cpe for minimum 50-ke.
signal on the scope. This trap, made up of Ce and
L, attenuates any 30-ke. feed-through.

The first-i.f. coils at 4.5-Me. should next he
adjusted, Couple the signal generator to the grid
of the first niixer and peak Ly and Ls lor maximum
defleetion of the v.t.v.m. at the detector. The
i.f. system is then completely aligned.

Front.End Alignment

To adjust the front end. plug in a set of coils
and cheek the oscillator frequeney range cither
with a ealibrated g.d.o. or on a calibrated gen-
eral-coverage receiver, the latter heing preferable.
Keep in mind that the oscillator works 1.5
AMe. nhove the signal on 80, 10 and 20 meters, and
1.5 Me. below the signal frequencey on the 15- and
10-meter bands. This means that on 13 and 10
meters the oseillator trimmer capacitor, €'y, must
be at the larger-eapacitancee setting of the two
that bring in signals. After establishing the cor-
rect frequeney range of the oscillator, injeet a
signal at the low end of the band into the antenna
terminals and peak the mixer capacitor, €y, and
the antenna trimmer, €, for maximum signal.
Then move the test signal to the high end of the
band and recheek the mixer trimmer eapacitor
(the antenna trimmer also will have to be re-
peaked) for correet tracking. If €5 has to be read-
justed, spread the mixer coil turns apart or com-
press them together until the signal strength is
uniform at both ends of the band, without, read-
justment of Co. If the mixer trimmer capacitanee
had to be increased at the high-frequeney end of
the band to maintain tracking, the coil tap is too

far up the coil and the turns below the tap must
e spread apart or the tap itself must be moved
down. If the trimmer eapacitance has to be de-
croased the tap is too low. Coil specifications
might possibly have to be altered slightly from
those given in the table, particularly on the higher
frequencies, heemise of variations in strays from
one receiver to another,

General

Adjustment of the ealibrator s relatively
straightforward, and should present no problems.
Turn on the calibrator and you should hear the
100-ke. harmonies on whatever band yor happen
1o be using. Onee it is determined that the unit s
working correctly, the only adjustment necessary
i to set the frequeney of the ealibrator exaetly.
The usnal reference is WWV or any broadeast
station that is on a frequeney which is a whole-
number nultiple of 100 ke, The frequeney tol-
erance for standard broadeast stations is 20
eveles, thus ble. stations represent a source for
aceurate frequeney determination,

Using a general-coverage or h.e. receiver, tune
in cither WWV or a known broadeast station and
adjust the ealibrator trimmer 5 for zero beat.
The ealibrator will then provide accurate 100-ke.
signals that can be used for frequencey determina-
tion and band-edge marking.

The first intermediate frequeney ean he altered
slightly to facilitate the use of particular sets of
ervstals available. However, if the deviation is
more than 20 ke. or so, slight changes may he
needed in the hif. oseillator coil specifieations to
maintain the proper bandspread.

If the reeciver ix to be worked in a rack cabinet
as shown in Fig. 5-51, or if a cover plate is at-
tached to the bottom of the recciver chassis,
minor alignment touch-up may be necessary.

Sprayving the receiver chassis with a light coat
of clear plastie lacquer before mounting any of
the components will prevent fingerprints and
oxidation of the chassis.

The audio output stage has adequate power to
drive a 3 or G-inch speaker, which may he
mounted in a small open-back metal utility box.

The i.f. output jack at the rear provides a
convenient way of attaching accessory deviees
sueh as an oscilloscope for modulation checking,

A side-by-side comparison of the finished re-
ceiver with some of the better-quality commer-
c¢inl units will show that this receiver can hold
its own in sensitivity, selectivity and stability.
Needless to say, the more care taken in construc-
tion, wiring and alignment the better the results.

Fig. 5-61—~Inside view of the calibrator unit. The 100-ke.
oscillator coil, Lis, is at the right, the oscillator transistor,
Q- is in the foreground mounted to the crystal socket, and
the amplifier transistor, Q1, is mounted at the right on a
terminal strip. The 100-kc. crystal is mounted horizontally
between the plate and the octa! plug. The plug can be
mounted on 2-inch screws as shown in the photograph,
or on the bottom plate of the Minibox, with flexible leads
to the circuit. If the calibrator is to be used as a self-con-
tained unit (see text) the octal plug is not necessary.



Q Multiplier

A Transistorized Q Multiplier

A “Q multiplier” i an eleetronie device that
hoosts the Q of a tuned eircuit many times bevond
its normal value, In this condition the single
tuned cirenit has much greater selectivity than
normal, and it can be utilized to reject or amplify
a narrow band of frequencies. There are vacuum-
tube versions of the Q-multiplier circuit, but the
transistorized Q@ multiplier to be deseribed has
the advantage that it eliminates a power-supply
problem and is very compact.

Circuit and Theory

Parallel-tuned circuits have been used for vears
as “suck-out”” trap cirenits, P’roperly coupling a
parallel-tuned circuit loosely to a vacuum-tube
amplifier stage, it will be found that the amplifier
stage has no gain at the frequency to whieh the
trap eirenit is tuned. The additional tuned cireuit
puts a “notch” in the response of the amplifier.
The prineiple is used in TV and other amplifiers
to minimize response to a narrow band of fre-
quencies, Increasing the ) of the trap ecircuit
reduces the width of the rejection notch.

The transistorized @ multiplier makes use of
the above effeet for its operation. A tuned cirenit
is made regenerative to inercase its  and is
coupled into the i.f. stage of a receiver, By chang-
ing the frequency of the regenerative eireuit, the
sharp notch can be moved about across the pass-
band of the receiver. The width of the notch is
changed by eontrolling the amount of regen-
cration.

Although it scems paradoxical, the transistor-
ized (Q multiplier with no change in circuitry will
also permit “peaking” an incoming signal the
way a vacuum-tithe (Q multiplier does. The mode
of operation is selected by adjustment of the
regeneration control, and this then usually re-
quires o slight readjustment of the frequency
control. The peaking effeet is not quite as pro-
nounced as the noteh, but it is still adequate to
give fairly good single-signal c.w. reception with
a receiver of otherwise inadequate selectivity:.

The regenerative cireuit builds up the signal
and feeds it baek to the amplifier at o higher level

amd in the proper phase to add to the original
signal. The noteh effeet described earlier works
in a similar manner except that the tuning of the
regenerative cirenit is such that it feeds back the
signal out of phas

The schematie diagram of the @ multiplier is
shown in Fig, 5-62, The inductor Ly furnishes
coupling from the receiver to the @ multiplier,
and €y is required to prevent short-cireuiting
the receiver’s plate supply. The multiplier proper
consists of the tunable cirenit ()30, conneeted
to a transistor in the colleetor-tuned common-
base oscillator eireuit using capacitive feedback
via (2. Regeneration is controlled by varying the
d.c. operating voltage through dropping resistor
.

Layout

The unit and power supply are built in a small
aluminum “ Minibox " measuring 5 X 213 X 214
inches (Bud CU-3001) and the operating controls
are mounted on a lucite or aluminum subpanel,
All parts of the unit are built on one half of the
box, This feature not only simplifies construction
but makes a battery change a simple job, even if
this is required only a couple of times a vear.

All major components, such as the two slug-
tuned coils, tie point, battery holder, regenera-
tion and tuning controls, are mounted directly on
the box and subpanel. The remaining resistors,
capacitors and the single transistor are sup-
ported by their connections to the above parts.

The two slug-tuned coils, Ly and L. are cen-
tered on the box and spaced one inch apart on
centers, Operating controls Cy and 2y are placed
1'4 inches from the ends of the subpanel and
centered. The tie point mounts directly behind
tuning control ('),

Power for the unit is supplied by four penlight
cells (type 912) which are mounted in the battery
holder (Lalayvette Radio Co, Stock No. MS-170)
direetly behind regeneration control £2). Total
drain on the battery never exceeds 0.2 ma.

Connection to the receiver is made with a three-
foot length of RG-58/U cable brought through
the rear wall of the Minibox. A rubber grommet

Fig. 5-62—Circuit diagram of A 3
the 455-kc. transistorized Q PLATE Wi~ 4
multiplier. Unless otherwise in- ‘—hf i %
dicated, capacitances are in
uuf., resistances are in ohms,
resistors are V2 watt,
mh,
Ci—15-uuf. vorioble capacitor (Hammarlund HF-15).
L;—1000-2000-uh. slug-tuned coil {North Hills 120-K.
North Hills Electric Co., Mineolo, N. Y.).
L:—500-1000-uh. slug-tuned coil (North Hills 120-J).
Qi —CK768 PNP junction transistor.
Si—Part of R;. y
Wi —Three-foot length of RG-58/U cable. =0 go—ma—vik
REGENERATION =

I.Olp'.
141



Fig. 5-63—View of the Q multiplier showing its single
connecting cable to the receiver. The box can be placed
in any convenient spot on or around the receiver.

should be placed in the hole to prevent chafing of
the cable insulation.

When soldering the transistor in place, be sure
to take the usual precantions against heat damage,

Alignment

After completing the wiring (and double-check-
ing it) connect the open end of the three-foot
eable to the plate cireait of the receiver mixer
tube. This ean be done in a permanent fashion
by soldering the inner conductor of the cable to
the plate pin on the tube socket or any point that
is connected direetly to this pin, and by soldering
the shicld to any convenient earhy ground point.
If you are one of those people who is afraid to
take the hottom plate off his receiver, and you
have a receiver with octal tubes, a “chicken con-
nection” can be made by removing the mixer
tube and wrapping a short picee of small wire
around the plate pin. Reinsert the tube in its
socket and solder the center conductor of the
coax to the small wire coming [rom the plate pin.
Now ground the coax shield to the receiver chassis.
Fig. 5-64—The Q multiplier and its battery supply are

combined in one small Minibox. The single transistor is
visible near the top right corner.

It is important to keep the lead from the tube pin
to the coax as short as possible, to prevent stray
pickup.

Cheek the schematie diagram of the recciver
for help in loeating the above receiver connections.

Turn on the receiver and tune in a signal
strong cnough to give an S-meter reading. Any
decent signal on the broadeast band will do.
Next, tune the slug on Ly until the signal peaks
up. You are tuning out the reactance of the con-
necting eable, and cffeetively peaking up the i.f.
If the receiver has no 8 meter, use an a.c. volt-
meter across the audio output. When this step
has been successfully completed the @ multiplier
is properly connected to the receiver and when
switehed to “off” (Sy opened) will not affecet nor-
mal receiver operation.

The next step is to bring the multiplier into
oscillation, and to adjust its frequeney to a useful
range. Set the tuning control to half eapacity and
advanee the regeneration control to about half
open, This latter movement also turns the power
on. Tune the receiver to a elear spot and set the
receiver b.f.o. to the center of the pass-band.
Now adjust the slug of Lz, The multiplier should
be oseillating, and somewhere in the adjustment
of Ls a beat note will be heard from the receiver.
This indicates the frequency of oseillation is
somewhere on or near the i.f, Swing this into zero
beat with the h.f.o.

Final Adjustment

One of the best ways to make final alignment
is to simulate an unwanted heterodyne in the
receiver and adjust the @ nltiplier for maximum
attenuation of the unwanted signal. To do this,
tune in a moderately weak signal with the b.f.o.
on. A broadeast station received with the antenna
disconneeted will do. The b.f.o. will beat with the
incoming signal, producing an andio tone. Adjust
the b.f.o. for a tone of about 1 ke. or so.

Back off on control 12, until the oscillator be-
comes regenerative, By alternately adjusting the
tuning control, ("1, and the regeneration control,
Ry, a point can be found where the audio tone
disuppears, or at least is attenuated. Some slight
retouching of Ly may have to be done in the
above alighment, since the movement of any one
control tends to “pull” the others. The optimum
situation is to have the tuning eontrol Cy set at
about half capacity when the noteh is in the
center of the passhand.

If you happen to get a super active transistor
and the regeneration control does not have the
range to stop oseillator action, increase the value
of the serics resistor . Conversely, if the unit
fails to oscillate, reduce the value of Ro.

When making the above adjustments, you
should notice that the audio tone can be peaked
as well as nulled. If it can not he peaked, a little
more practice with the controls should produce
this eondition. In the unit shown here, the hest
null was produced with the regeneration control
turned only a few degrees. Optimum peak posi-
tion was obtained with the regencration eontrol
almost at the point of oseillation.



Conelrad

Conelrad

Effeetive January 2, 1957, the “Conelrad”
rules became part of the amateur regulations.
Iissentially, compliance with the rules consists of
monitoring a broadeast station — standard band,
f.m. or TV — either continuously or at intervals
not execeding ten minutes, during periods in
which the amateur transmitter is in use. On re-
ceipt of a Conelrad Alert all transmitting must
cense, except as authorized in 12,193 and 12,194
of the FCC regulations.

The existence of an Alert may be determined

TO GRID
OF IsT.
|

o —o7 o
+150 S,
TO +250

6.3v S

Fig. 5-65—Converter circuit for monitoring broodcost sto-
tions in connection with a communicotions receiver.
Copacitonces are in uuf.

Cia Cip—Two-gang broadcast capacitor, oscillator sec-
tion according to intermediate frequency to be
used.

Li—Loop stick.

Ti—B.c. oscillator transformer (for i.f. to be used).

T2—Lf. coil and trimmer. This con be taken from an i.f.
tronsformer, or the transformer can be used intact,
the output being taken from the secondary,

Note: if only one broadcast station is to be monitored

Cia and Cij; can be padder-type capocitors {or a com-

bination of padding and fixed capacitance as required)

adjusted for the desired station and intermediate fre-
quencies. Other types of converter tubes may be substi-
tuted if desired.

Power for the unit can be taken from the receiver’s

“accessory’’ socket.

as outlined in 12.192(b)(3). Operation during
hours when local broadeast stations are not on
the air will require tuning through the standard
broadeast band to determine if operation appears
to be normal. The presence of any U. 8. broadeast
stations on {requencies other than 640 and 1240
ke. indicates normal operation.

Perhaps the simplest form of compliance is by
means of a simple converter working into the i.f.
amplifier of the regular station receiver, A typical
cireuit is shown in Fig. 5-65. The converter ean
be built in a small metal case and mounted at a

convenient spot on the recciver so that Sy can be
closed at regular intervals for checking the
broadeast station. As an alternative, the con-
verter can be mounted out of the way at the rear
of the receiver and the switeh leads brought out
to a convenient spot,

. A "FAIL-PROOF” CONELRAD ALARM

The conelrad alarm shown in Fig, 5-65 uses a
small BC receiver to furnish both audible and
visible indications of a Couelrad Alert (the re-
ceiver may still be used for normal broadeast
reception),

With the receiver tuned to a broadeast earrier
and the alarm cireuit in operation, a green “safe”’
light indicates that all is well on the broadeast
band. When the broadeast earrier goes off, as it
will in o Conelrad Radio Alert, the green light
goes out, a red “danger” light comes on, a buzzer
sounds, and the 115-volt a.c. line to the trans-
mitter is opened up. In other words, the device
puls you off the air! The audible and visible
warnings also are given in the event of a com-
ponent failure in either the control reeeiver or
the alarm. Iiven the disappearanee of the 115-
volt supply will not go unnoticed, since in that
case the green “safe” light will go out, indieating
that the alarm is inoperative.

The alarm requires a minimum of 0.7 volts
(negative) from the receiver’s a.v.c. (automatic
volume control) cireuit for dependable operation.
Reecivers having one stage of i.f, amplification
wil develop at least this much a.v.c. voltage
when tuned to a signal of reasonable strength,
But wateh out for the “superhets” that do not
have an iLf. stage: they are of little value as a
source of control voltage for the alarm. You
can usually find out if the receiver has an if.
stage by looking at the tube list pasted on either
the chassis or the inside of the eabinet.

The eireuit of the alarm is shown in section B3,
Fig. 5-66. Section A is a typical a.v.c.-detector-
first audio stage of an a.c.-d.c. receiver, and shows
how the alarm eireuit is tied into a receiver.

Although a 12AV6 is shown as the detector,
other tubes may be used in some reecivers. How-
ever, the basic cireuit will be the same or very
similar.

Finding the a.wv.c. line in the jumble beneath
the chassis of the ordinary a.c.~d.c. receiver is not
always easy. Here are a few hints:

Using section A, Fig. 3-56, as a guide, locate
the detector tube socket. Trace out the leads go-
ing to the secondary of the last i.f. transformer,
T'1. ‘This transformer usually will be adjacent to
the detector tube. The lower end of the secondary
winding will be conneeted to several different re-
sistors, one of these being the diode-load filter
resistor (approximately 30 in most cireuits) and
another the a.v.e. filter resistor, 5. The value of
the latter resistor is ordinarily above one meg-
ohm. Trace through Ry in the direction of the
arrow (Fig. 5-66), until you loeate the fairly high
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5-HIGH-FREQUENCY RECEIVERS

DET.~ AV.C-AF

(A)

TO \.F.
TUBE

Vi —mond
12AV6 AUDIO AMP.

T

+15V. (NO AV.C.VOLTAGE TO Vz2a)
+30V. (V4 AT CUTOFF)

(8)

REMOTE
CONTROL
}OFA.C.TO
XMTR,
o
RED
=Y
GREEN

OF ON-OFF SWITCH

Hn5v.A.C.
CONNECT ACROSS
N5V, ON SET SIDE

IN B.C RCVR

Fig. 5-66—Circuit of the Conelrad alorm (B} connecied to the a.v.c. circuit (A) of a typical a.c.-d.c. broadcast receiver
Resistors are Y2 watt unless otherwise specified. Ci, Ri and T in section A are components in the broadcast receiver

I, —6é-volt a.c. buzzer {(Edwards 725).

I., 13—6&-volt pilot lamp, No. 47.

Ki—D.p.d.t. sensitive relay, 5000-ohm coil, 5-amp. con-
tacts (Potter & Brumfield GB11D).

R:— 5-megohm potentiometer.

value (0.05 gf. or so) a.v.e. (ilter eapacitor, ('
Now vou have the av.e. Hne elearly identified
and the tap for the alarm eirenit may be made.

Notice that the eathode of 1y and the cold side
of ¢y are both returned to a common bus or — B
line, not direetly to the chassis, Also observe that
the return for the alarm eireuit is made to the
common bus in the reeciver, not to the chassis of
the set. Do not ground this lead o the chassis or
connecl il o any erposed melal parts. 10 there is
any diflienlty in locating the common bus in the
vicinity of the deteetor stage, cheek back from
the negative side of the power-supply filter ea-
pacitors, as this point is always attached to the
common bus.

The monitor should be built in an insulated
box of some kind and not in a metal case. The
hox eun be made of plywood, or a bakelite in-
strument ease (e, TCA type 8202). The bake-
lite case is ideal for the application, but it must
be handled with care during construetion, to
avoid seratehing, chipping, or breakage. Be espe-
cially careful when drilling large holes such as
those used in mounting the pilot-lamp assem-
blies and switehes, beeause a large drill tends to
bind and erack the ease,
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S1, S2—S.p.s.t. rotary canopy switch (ICA 1257).

S.— Momentary-contact switch (Switchcraft 101).

T.—Replacement-type power transformer, 150 volts, 25
ma.; 6.3 volts, 0.5 amp. (Merit P-3046 or
equivalent).

Testing and Operating

The chanees are pretty good that right after
the reeeiver and the monitor have been turned on
the red lamp will light and — if you haven’t had
the foresight to open Sz to prevent the noise
the buzzer will sound. Tune the receiver to a
broadeast station and see if the red light goes out
and the green light comes on, If this happens,
close Sz and you’re all set for conclrad compli-
anee, If the “safe” light does not come on, tune
around for a signal strong cnough to actuate the
alarm. Should the signal of greatest apparent
strength fail to trigger the monitor, leave the re-
ceiver tuned to this signal and then momentarily
press No. The alarm should now lock on “safe,”
provided the a.v.e. eircuit delivers 0.7 volt or
more to Vaa.

The only die. measurements of any conse-
quence that need be made in cheeking through
the alarm eircuit are the output voltage of the
power supply and the voltage at the eathode of
Van. The proper voltages at these two points
are given on the cireuit diagram. If the alarm
fails to respond properly, it may be advisable to
check the awv.e. voltage with a vit,vom.



CHAPTER 6

High-Frequency

Transmitters

The prineipal requirements to be met in c.w.
transmitters for the amateur bands between 1.8
and 30 Me. are that the frequency must be as
stable as good practice permits, the output signal
must be free from modulation and that harmonies
and other spurious emissions must be eliminated
or reduced to the point where they do not cause
interfercnce to other stations.

The vver-all design depends primarily upon the
bauds in which operation is desired, and the
power output. A simple oscillator with satisfac-
tory frequency stability may be used as o trans-
mitter at the lower frequencies, as indicated in
Fig. 6-1.\, but the power output obtainable is
small. As a general rule, the output of the oseil-
lator is fed into one or more amplifiers to bring
the power fed to the antenna up to the desired
level, as shown in B,

An amplifier whose output frequeney is the
same as the input frequency is called a straight
amplifier, A buffer amplifier is the term some-
times applied to an amplifier stage to indicate
that its primary purpose is one of isolation, rather
than power gain

Because it becomes inereasingly diflicult to
maintain oseillator frequency stability as the
frequency is inereased, it is most usual prac-
tice in working at the higher frequencies to
operate the oseillator at a low frequency and
follow it with one or more frequency multi-
pliers a= required to arrive at the desired out-
put frequency. A frequency multiplier is an
amplifier that delivers output at a multiple
of the exeiting frequeney. A doubler ix a mul-
tiplier that gives output at twice the exciting
frequency; a tripler multiplies the exciting fre-
queney by three, ete. From the viewpoint of any
particular stage in a transmitter, the preceding
stage is its driver,

As a generad rule, frequency multipliers should
not be used to feed the antenna svstem directly,
but should feed a straight amplifier which, in
turn, feeds the antenna system, as shown in
Fig. 1-C, D and 12, As the diagrams indieate, it is
often possible to operate more than one stage
from a single power supply.

Good frequeney stability i most easily ob-
tained through the use of a crystal-controlled
oscillator, although a different erystal is needed
for each frequency desired (or multiples of that
frequency). A self-controlled oscillator or v.f.o.
(variable-frequeney oseillator) may be tuned to
any frequency with a dial in the manner of a

receiver, but requires great care in design and
construction if its stability is to compare with
that of a crystal oscillator.

In all types of transmitter stages, screcn-grid
tubes have the advantage over triodes that they
require less driving power. With a lower-power
exciter, the problem of harmonie reduction is
made easier. Most satisfactory oscillator circuits

use a screen-grid tube,
V Y
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Fig. 6-1—Block diagrams showing typical combinations

of oscillator and amplifiers and power-supply arrange-

ments for transmitters. A wide selection is possible, de-

pending upon the number of bands in which operation is
desired and the power owtput.
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6 —HIGH-FREQUENCY TRANSMITTERS
Oscillators

@ CRYSTAL OSCILLATORS

The frequency of a erystal-controlled oscillator
is held constant to a high degree of aceuracy by
the use of a quartz crystal. The frequency de-
pends almost entirely on the dimensions of the
cerystal (essentially its thickness); other circuit
values have comparatively negligible effect.
However, the power obtainable is limited by the
heat the ervstal will stand without fracturing.
The amount of heating is dependent upon the
r.f. erystal current which. in turn, is a function
of the amount of feedback required to provide

proper excitation. Crystal heating short of the
danger point results in frequency drift to an

extent depending upon the way the crystal is
cut. Iixeitation should always be adjusted to the
minimum necessary for proper operation.

Crystal-Oscillator Circuits

The simplest ervstal-oseillator circuit is shown
in Fig. 6-2A. An equivalent is shown at B. It is
a Colpitts eireuit (see chapter on vacuum-tube
principles) with the tube tapped across part of the
tuned circuit. The erystal has been replaced by
its equivalent — a  series-tuned circuit  L1Cy.
(See chapter on clectrieal laws and cirenits.) Cs
and Cg are the tube grid-cathode and plate-

(A) ®)

Ce

circuit in the actual plate circuit. Although the
oscillator itself is not entirely independent of
adjustments made in the plate tank circuit when
the latter is tuned near the fundamental fre-
queney of the crystal, the cffects can he satis-
factorily minimized by proper ehoice of the oscil-
lator tube.

The cireuit of Fig. 6-3.A is known as the Tri-
tet. The oscillator cireuit is that of Iig. 6-2C.
Excitation is controlled by adjustment of the tank
L1y, which should have a low L/C ratio, and be
tuned considerably to the high-frequeney side of
the erystal frequency (approximately 5 Me. for a
3.5-Me. ervstal) to prevent over-excitation and
high crystal current. Onee the proper adjustment
for average ervstals has heen found, €'y may be
replaced with a fixed eapacitor of equal value.

The oscillator eirenit. of Fig. 3-13 is that of
Fig. 6-2A. Excitation is controlled hy g,

The oscillator of the grid-plate eireuit of Fig.
6-3C is the same as that of Fig. 6-313. except that
the ground point has been moved from the eath-
ode to the plate of the oseillator (in other words,
to the sereen of the tube). Ixeitation is adjusted
by proper proportioning of Cg and Cy.

When most types of tubes are used in the eir-
cuits of Fig. 6-3, oscillation will stop when the
output plate cireuit is tuned to the erystal fre-

7
L
+

©)

Fig. -2—Simple crystal-oscillator circuits. A—Pierce. B—Equivalent of circuit A. C—Simple triode oscillator. Ci is a
plate blocking capacitor, Cz an output coupling copacitor, and Cs o plate bypass. L1, C,, Cs and Ce are discussed in the
text. C: and L2 should tune to the crystal fundamental frequency. R is the grid leak.

eathode capacitances, respectively. In best prae-
tical form, Cs or Cg, or both, would be angmented
hy external capacitors from grid to eathode and
plate to eathode so that feedback could he
adjusted properly.

The circuit shown in Fig. 6-2C is the equivalent
of the tuned-grid tuned-plate circuit discussed in
the chapter on vaenum-tube prineiples, the erys-
tal replacing the tuned grid cirenit

The most commonly used ervstal-oscillator cir-
cuits are based on one or the other of these two
simple types, and are shown in Fig. 6-3. Although
these cireuits are somewhat more complicated,
they eombine the funetions of oscitllator and am-
plitier or frequency multiplier in a single tube. In
all of these ecireuits, the sereen of a tetrode or
pentode is used as the plate in a triode oseillator.
Power output is taken from a separate tuned tank

146

queney, and it is necessary {o operate with the
plate tank eireuit eritienlly detuned for maxi-
mnm output with stability. However, when the
GAGT, 5763, or the lower-power 6116 is used
with proper adjustment of excitation, it is possi-
ble to tune to the crystal frequency without
stopping oscillation. The plate tuning character-
istie should then be similar to Fig. 6-1 These
tubes also operate with less erystal current than
most other types for a given power output, and
less frequeney change oceurs when the plate
cireuit is tuned through the crystal frequency
(less than 25 eveles at 3.5 Me.).

Crystal eurrent may he estimated by observing
the relative brillianee of a 60-ma. dial lamp con-
neeted in series with the eryvstal. Current should
be held to the minimum for satisfactory output
by careful adjustment of excitation. With the



Oscillators

operating voltages shown, satisfactory output
should be obtained with erystal currents of 40
mr. or less.

In these eireuits, output may bhe obtained at
multiples of the erystal frequeney by tuning the
plate tank eireuit to the desired harmonie, the

11
11 ©
Cs ouTPuT

b ! A
J’HTRClg7 (A) "L'_s—j\
TRI-TET

+150 10 300

==

QUTPUT

A

Cs

L2

+150 to 300

GRID-PLATY

Fig. 6-3— Commonly used crystal-controlled osciliator cir-
cuits. Values are those recommended for a 6AG7 or 5763
tube. (See reference in text for other tubes.)
Ci—Feedback-control capacitor—3.5-Mc. crystals—ap-
prox. 220-uuf. mica—7-Mc. crystals—approx.
150-puf. mica.

C>—Output tank capacitor—100-uuf. variable for single-
band tank; 250-uuf. variable for two-band tank.

Cs—Screen bypass—0.001-uf. disk ceramic.

Cy—Plate bypass—0.001-uf. disk ceramic.

C5—Output coupling capacitor—50 to 100 upuf.

Cs—Excitation-control capacitor— 30-uuf. trimmer.

C;—Excitation capacitor—220-uuf. mica for 6AG7;
100-uuf. for 5763.

Cs—D.c. blocking capacitor—0.001 -uf. mica.

Co—Excitation-control capacitor—220-uuf. mica.

Cio—Heater bypass—0.001 -uf. disk ceramic.

Ri—Grid leak—0.1 megohm, Y2 watt.

R2—Screen resistor—47,000 ohms, 1 watt.

Li—Excitation-control inductance—3.5-Mc. crystals—ap-
prox. 4 ph.; 7-Mc. crystals—approx. 2 ph.

Llo—Qutput-circuit coil—single band:—3.5 Mc.—17 uh,;
7 Mc.—8 ph.; 14 Mc.—2.5 ph.; 28 Mc.—1 ph.
Two-band operation: 3.5 & 7 Mc.—7.5 ph,; 7 &
14 Mc.—2.5 ph.

RFCy—2.5-mh. 50-ma. r.f. choke.

output dropping off, of course, at the higher har-
monies. Fspeeially for harmonie operation, a low-
C plate tank cireuit is desirable.

For best performance with a 6AG7 or 5763, the
values given under Fig. 6-3 should be followed
closely. (For a discussion of values for other
tubes, sece QST for Mareh, 1950, page 28.)

@ VARIABLE-FREQUENCY
OSCILLATORS

The frequeney of a v.f.o. depends entirely on
the values of inductance and capaeitance in the
cireuit. Thercfore, it is necessary to take careful
steps to minimize changes in these values not
under the control of the operator. As examples,
even the minute changes of dimensions with
temperature, particularly those of the eoil, may
result in a slow but noticeable change in frequency
called drift. The effective input capacitance of
the oscillator tube, which must be connected
across the ecircuit, changes with variations in
electrode voltages. This, in turn, causes a change
in the frequency of the oscillator. To make use
of the power from the oscillator, a load, usually
in the form of an amplifier, must be coupled to
the oscllator. and variations in the load may re-
fleet on the frequeney. Very slight mechanieal
movement of components may result in a shift in
frequency, and vibration can cause modulation,

V.F.O. Circuits

Iig, 6-5 shows the most conunonly used eir-
cuits. They are all designed to minimize the
cffeets mentioned above, Al are similar to the
ervstal oscillators of Fig. 6-3 in that the sereen
of a tetrode or pentode is used as the oseillator
plate. The oscillating civeuits in Figs. 6-5A and
B3 are the Hartley type; those in C and D are
Colpitts cireuits, (See chapter on vacuum-tube
principles.) In the cireuits of A and C, all of the
above-nientioned effects, exeept changes in in-
ductance, are minimized by the use of a high-Q
tank circuit obtained through the use of large
tank eapacitances. Any uncontrolled changes in
capacitance thus become a very small pereentage
of the total cireuit capacitance,

In the series-tuned Colpitts circuit of TFig,
G-51) (sometimes ealled the Clapp cireuit), a
high-Q circuit is obtained in a different manner.
The tube is tapped across only a small portion
of the oscillating tank cireuit. resulting in very
loose coupling between tube and cireuit. The
taps are provided by a series of three capacitors
across the coil. In addition, the tube capacitances
are shunted by large eapacitors, so the effeets of
the tube — changes in eleetrode voltages and
loading — are still further reduced. In contrast

Fig. 6-4 — Plate tuning
characteristic of circuits of
Fig. 6-3 with preferred
types (see text). The plate-
current dip at resonance
broadens and is less pro-
nounced when the circuit is
loaded.

PLATE CURRENT

TUNING CAPACITY
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6 — HIGH-FREQUENCY TRANSMITTERS

to the preceding civeuits, the resulting  tank
eireuit has a high L/€ ratio and therefore the
tank eurrent is much lower than in the cireuits
using high-C' tanks. As a result, it will usually
Le found that., other things being cqual, drift
will be less with the low-(' cirenit.

For best stability, the ratio of Cy3 or (13
(which are usually equal) to C'y + ("1 should be
as high as possible without stopping oscillation.
The permissible ratio will be higher the higher
the € of the coil and the mutual conductance of
the tube. 1 the eirenit does not oscillate over the
desired range, o coil of higher @ must he used or
the eapacitance of 'y and €y reduced.

Load Isolation
In spite of the precautions alveady diseussed,
the tuning of the output plate cireuit will cause a

SNy

4 1
HTR. +7510150 - +150 10 300

(A) HARTLEY

HTR® 47510150 =
(C) coLmitts

+150 10 300

nuticeable change in frequency, particularly in
the region around resonance, This effect can be
reduced considerably by designing the oscillator
for half the desired frequeney and doubling fre-
queney in the output cireuit.

1t is desirable, although not a striet necessity
if detuning ix recognized and taken into account,
to approach as closely as possible the condition
where the adjustment of tuning controls in the
transmitter, bevond the v.f.o. frequencey control,
will have negligible effect on the frequeney. This
can be done by substituting a fixed-tuned eireuit
in the output of the oxeillator, and adding
isolating stages whose tuning is fixed between the
oseillator and the first tunable amplifier stage in
the transmitter. Fig. 6-6 shows such an arrange-
ment that gives good izolation. In the first stage,
4 6CY is conneeter! as a cathode follower. This

Ca

—i—

ouTPUT

23

I

I

HY; +7510150 — +i5010 300
(D) SERIES-TUNED COLPITTS

Fig. 6-5—V.f.a. circuits. Appraximate values far 3.5 Mc. are given belaw. Far 1.75 Mc., all tank-circuit valves of copaci-
tance and inductance, all tuning capacitances and Ci3 and Cus shauld be daubled; for 7 Mc,, they shauld be cut in half.

C,—Oscillatar bandspread  tuning capacitor— 150-uuf.
variable.

C2—Output-circuit tank capacitor—100-uuf.

C3—Oscillatar tank capacitor—500-uuf. zero-tempera-
ture-coefficient mica.

Cy—Grid coupling capacitor—100-uuf. zero-tempera-
ture-coefficient mica.

s—Heater bypass—0.001-uf. disk ceramic.

Cs—Screen bypass—0.001-uf. disk ceramic.

C;—Plate bypass—0.001-uf. disk ceramic.

Cs—Output coupling capacitor—S50 to 100-puf. mica.

Co—Oscillator tank capacitor—680-uuf. zero-tempera-
ture-coefficient mica.

Cio—Oscitlator tank capacitor—0.0022-uf. zero-tem-
perature-coefficient mica.
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C11—Oscillotar bandspread padder—50-uuf. variable
air.

Ci2—Oscillator bandspread tuning capacitor—25-upuf.
variable.

Cia, Ciri—Tube-coupling capacitor—0.001-uf.
temperature-coefficient mica.

R;—47,000 ohms, V2 watt.

L,—Oscillator tank coil—4.3 ph., tapped about one-
third-way from grounded end.

L:—Output-circuit tank coil—22 ph.

L3—Oscillator tank coil—4.3 uh.

Ls—Oscillator tank coil—33 uh. (B & W JEL-80).

RFC;—2.5-mh. 50-ma. r.f. choke.

V\—6AG7, 5763 or 6AH6 preferred; other types usable.

V2—6AG7, 5763 or 6AH6 required for feedback ca-
pacitances shown,

zero-
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drives a 5763 buffer amplitier whose input
cireuit is fixed-tuned to the approximate band of
the v.f.o. output. For best isolation, it is impor-
tant that the 6C4 does not draw grid eurrent.
The output of the v.f.o,, or the eathode resistor
of the 6C4 should be adjusted until the voltage
across the cathode resistor of the 6C4 (a8 meas-
ured with a high-resistance d.e. voltmeter with
an r.f. choke in the positive lead) is the same with
or without excitation from the v.f.o. Ly should
be adjusted for most eonstant output from the
5763 over the band.

Chirp

In all of the eireuits shown there will be some
change of frequency with changes in screen and
plate voltages, and the use of regulated voltages
for both usually is necessary, One of the most
serious results of voltage instability occurs if
the oscillator is keved, as it often is for break-in
operation. Although  voltage regulation  will
supply a steady voltage from the power supply
and therefore is still desirable, it cannot alter
the faet that the voltage on the tube must rise
from zero when the kev is open, to full voltage
when the kev is closed, and must fall back again
to zero when the kev is opened. The result is a
chirp each time the key is opened or closed,
unless the time con-

stant in the keying VEO

CATH FOLLOWER

eliminate changes in frequeney caused by move-
ment of nearby objects, such as the operator’s
hand when tuning the v.f.o. The cireuit of Fig.
6-3D lends itself well to this arrangement, since
relatively long leads between the tube and the
tank circuit have negligible effect on frequency
beeause of the large shunting capacitances, The
grid, eathode and ground leads to the tube ean
he bunched in a cable up to several feet long.
Variable capacitors should have ceramice in-
sulation, good bearing contacts and should pref-
erably be of the donble-bearing type, and fixed
capacitors should have zero temperature coefli-
cient. The tube socket also should have ceramie
insulation and speeial attention should be paid to
the selection of the coil in the oseillating section.

Oscillator Coils

The @ of the tank eoil used in the oscillating
portion of any of the cireuits under discnssion
should be as high as circumstances (usually
space) permit, since the losses, and therefore
the heating, will be less. With recommended care
in regard to other factors mentioned previously,
most of the drift will originate in the coil. The
eoil should be well spaced from shiclding and
other large metal surfaces, and be of a type that
radiates heat well, such as a commereial air-

BUFFER

cireuit is reduced to
the point where the
chirp takes place so
rapidly that the re-
ceiving operator’s
ear canuot deteet it.
Unfortunately,as
explained in the
chapter on keving,
@ certain minimum ,-J:,_' (4 \a
time constant is nec- +0 6.3V
essary if key elicks i s
are to be minimized.
Therefore it is evi-
dent that the meas-
ures necessary for
the reduction of
chirp and clicks are
in opposition, and a compromise is necessary. For
best keving characteristics, the oscillator should
he allowed to run eontinuously while a subse-
quent amplifier is keved. However, a keyed
amplifier represents a widely variable load and
unless sufficient isolation is provided between the
oscillator and the keved amplifier, the keying
characteristics may be little better than when
the oscillator itself is keved. (See keying ehapter
for other methods of break-in keying.)

6C4

Frequency Drift
Frequency drift is further reduced most easily
by limiting the power input as much as possible
and by mounting the components of the tuned
cireuit in a separate shielded eompartment, so
that they will be isolated from the direct heat
from tubes and resistors. The shielding also will

= o+
350 to 400

Fig. 6-6—Circuit of an isolating amplifier for use between v.f.0. and first tunable stoge. All

capacitances below 0.001 wf. are in uuf. All resistors are %2 watt. Ly, for the 3.5-Mc. band,

consists of 93 turns No. 36 enam., 17 /32 inch long, Y2-inch diameter, close-wound on National
XR-50 iron-slug form. Inductance 69 to 134 ph. All capacitors are disk ceramic.

wound type, or should be wound tightly on a
threaded ceramic form so that the dimensions will
not change readily with temperature. The wire
with which the coil is wound should be as large as
practicable, espeeially in the high-C circuits.

Mechanical Vibration

To eliminate mechanieal vibration, components
should be mounted securely. Particularly in the
cireuit of Fig. 6-31), the eapacitor should pref-
erably have small, thick plates and the ecoil
braced. if necessary, to prevent the slightest me-
chanical movement. Wire connections between
tank-circuit components should be asshort as pos-
sible and flexible wire will have less tendency to
vibrate than solid wire. It is advisable to cushion
the entire oscillator unit by mounting on sponge
rubber or other shoek mounting.
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Tuning Characteristic

1If the eireuit is oscillating, touching the grid of
the tube or any part of the cirenit connected to it
will show a change in plate current. In tuning the
plate output eireuit without load. the plate cur-
rent will be relatively high until it is tuned near
resonance where the plate current will dip to a
low value, as illustrated in Fig. 6-4. When the
output cireuit is loaded, the dip =hould still be
found, but broader and mueh less pronounced as
indicated by the dashed line. The cireuit should
not be loaded beyvond the point where the dip is
still recognizable.

Checking V.F.O. Stability

A v.f.o. should be checked thoroughly hefore
it is placed in regular operation on the air. Since
suceeeding amplifier stages may atfect the signal
characteristies, final tests should be made with
the complete transmitter in operation. Almost
any v.lo. will show signals of good quality and
stability when it is running free and not con-
neeted to a load. A well-isolated monitor is a
necessity, Perhaps the most convenient, as well
as one of the most satisfactory, well-shiclded
monitoring arrangements is i reeeiver combined
with a crystal oseillator, as shown in Fig. 6-7.
(See Crystal Oseillators,” this chapter.) The
erystal frequeney should lie in the band of the
lowest frequeney to be checked and in the fre-
queney range where its harmonies will fall in the
higher-irequency bands, The reeciver b.f.o. is
turned off and the v.f.o. signal is tuned to beat
with the signal from the erystal oscillator in-
stered. T this way any receiver instability caused
by overloading of the input circuits, which may
result in “pulling”” of the h.f. oscillator in the
recetver, or by a change in line voltage to the
recerver when the transmitter is keyed, will not

affeet the reliability of the check. Most crystals
have a sufficiently low temperature cocfficient
to give a check on drift as well as on chirp and
signal quality if they are not overloaded.

ILarmonies of the erystal may be used to beat
with the transmitter signal when monitoring at
the higher frequencies. Since any chirp at the
lower frequencies will be magnified at the higher
frequencies, accurate ehecking can best he done
by monitoring at a harmonie,

The distance hetween the erystal oscillator and
receiver should be adjusted to give a good beat
hetween the ervstal oscillator and the transmitter
signal. When using harmonies of the erystal
oscillator, it may be necessary to attach a piece

RECEIVER= BFO OFF

; ©

-]

XTAL

VFO 0sc

Fig. 6-7—Setup for checking v.f.o. stability. The receiver

should be tuned preferably to a harmonic of the v.f.o.

frequency. The crystal oscillator may operate somewhere

in the band in which the v.f.0. is operating. The receiver
b.f.0. should be turned off.

of wire to the oscillator as an antenna to give
sufficient signal in the receiver. Checks may
show that the stability is sufficiently good to
permit oscillator keving at the lower frequencies,
where break-in operation is of greater value,
but that chirp becomes objectionable at the
higher frequeneies. 1 further improvement does
not seem possible, it would be logical in this case
to use oscillator Keving at the lower frequencies
and amplifier keving at the higher frequencies.

RF. Power-Amplifier Tanks and Coupling

R.f. power amplifiers used in amateur trans-
mitters usually are operated under Class C con-
ditions  (=ee chapter on vacuum-tube  funda-
mentals), Fig. 6-10 shows a screen-grid tube
with the required tuned tank in its plate cireuit.
lquivalent eathode conneetions for a filament-
type tube are shown in Fig. 6-8 It ix assumed
that the tube is being properly driven and that
the various electrode voltages are appropriate
for Claszs (' operation.

@ PLATE TANK Q

The main objective, of eourse, i3 to deliver as
much fundamental power as possible into a load,
R, without execeding the tube ratings. The load
resistance 2 may be in the form of a transmission
line to an antenna, or the grid circuit of another
amplifier. A further objective is to minimize the
harmonic energy (abways generated by a Class C
amplifier) fed into the load cireuit. In attaining
these objectives, the @ of the tank cireuit is of
importance. When a load is coupled inductively.
as in Fig. 6-10, the @ of the tank circuit will
have an cffeet on the coefficient of coupling nec-
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essary for proper loading of the amplifier. In
respect to all of these factors, a tank @ of 10 to
2) iz usually considered optimunt. A muceh lower
Q will result in less efficient operation of the am-
plifier tube, greater harmonic output, and greater
difticulty in coupling inductively to a load. A
much higher @ will rezult in higher tank current
with increased loss in the tank coil.

The @ is determined (see chapter on electrieal
aws and circuits) by the L/ ratio and the load
resistanee at which the tube is operated. The tube
load resistance is related, in approximation, to

()

Fig. 6-8—Filament center-tap connec-
tions to be substituted in place of
cathode connections shown in diagrams
when filament-type tubes are sub-
stituted. Ty is the filament transformer.
Filament bypasses, Ci, should be
0.001-uf. disk ceramic capacitors. If a
self-biasing (cathode) resistor is used, T
it should be placed between the center ~vv
top and ground.

HSVAC
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Fig. 6-9—Chart shawing plate tank capacitance required
for a Q of 10. Divide the tube plate voltage by the plate
current in milliomperes. Sefect the vertical line correspond-
ing to the answer obtained. Follow this vertical line to the
diagonal line for the band in question, and thence horizon-
tally to the left to read the copacitance. For a given ratio
of plate-valtage /plate current, doubling the capacitance
shown doubles the Q etc. When a split-stator capacitor is
used in o balonced circuit, the copacitance of each section

may be one half of the value given by the chart.

RATIO

the ratio of the d.c. plate voltage to d.c. plate
current at which the tube is operated.

The amount of (7 that will give a Q of 10 for
various ratios is shown in Fig. 6-9. For a given
plate-voltate, ‘plate-current ratio, the Q will vary
direetly as the tank capacitance, twice the
capacitanee doubles the Q ete. For the same Q,
the eapacitance of each section of a split-stator
capacitor in a balaneed ecireuit should be half
the value shown

These values of eapacitance include the output
capacitance of the amplifier tube. the input capa-
citance of a following amplifier tube if it is coupled
capacitively, and all other stray eapacitances. At
the higher plate-voltage, plate-current ratios, the
chart may show values of capacitance, for the
higher frequencies, smaller than those attainable
in practice. In such o case, a tank @ higher than
10 is unavoidable.

In low-power exciter stages, where capacitive
coupling is used, very low-() circuits, tuned only
by the tube and stray circuit capacitances are
sometimes used for the purpose of ‘“broadband-

ing” to avoid the necessity for retuning a stage
across a band. Higher-order harmonics generated
in such a stage can usually be attentuated in the
tank circuit of the final amplifier.

. INDUCTIVE-LINK COUPLING
Coupling to Flat Coaxial Lines

When the load R in Fig. 6-10 is located for
convenience at some distance from the amplifier,
or when maximum harmonic reduction is de-
sired, it is advisable to feed the power to the
load through a low-impedance couxial cable,
The shiclded construction of the eable prevents
radiation and makes it possible to install the line
in any convenient manner without danger of
unwanted coupling to other eircuits,

If the line is more than a small fraction of a
wavelength long, the load resistance at its output
end should be adjusted, by a matching circuit if
necessary, to mateh the impedance of the eable.
This reduces losses in the cable and makes the
coupling adjustments at the transmitter inde-
pendent of the cable length. Matching circuits
for use between the cable and another transmis-
sion line are diseussed in the chapter on trans-
mission lines, while the matching adjustments
when the load is the grid circuit of a following
amplifier are deseribed elsewhere in this chapter.

Assuming that the eable is properly terminated,
proper loading of the amplificr will be assured,
using the circuit of I'ig. 6-11C, if

1) The plate tank circuit has reasonably high
value of Q. A value of 10 is usually sufficient.

2) The induectance of the pick-up or link coil
is close to the optimum value for the frequeney
and type of line used. The optimum coil is one
whose self-inductance is such that its reactance
at the operating frequencey is equal to the charac-

A S s6 +-Hve
Fig. 6-10—Inductive-link output coupling circuits.
Ci—Plate tank copacitor—see text and Fig. 6-9 for co-
pacitance, Fig. 6-33 for voltage rating.

C2—Heater bypass—0.001-uf. disk ceramic.

C3—Screen bypass—valtage roting depends on methad
of screen supply. See paragraphs on screen con-
siderations. Voltage roting same os plate voltage
will be safe under any condition.

Ci—Plate bypass—0.001-uf. disk ceramic or mica. Volt-
age rating same as Ci, plus sofety factor.

Li—To resonate ot operating frequency with C;. See LC
chart ond inductonce formulo in electricol-lows
chapter, ar use ARRL Lightning Calculator.

Ll2—Reactance equal to line impedance. See reactance
chart and inductance formula in electrical-lows
section, or use ARRL Lightning Calculator.

R—Representing load.
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C
Ly
COAXIAL LINE

+

(A)

ALTERNATIVE FOR USE
WITH SMALL LINKS

COAXIAL LINE

(8

COAXIAL LINE

PICK-UP
INDUCTOR

+
(]

Fig. 6-11—With flat transmission lines power transfer is
obtained with looser coupling if the line input is tuned to
resonance. Ci and L; should resonate at the operating
frequency. See table for maximum usable value of Ci. If
circuit does not resonate with maximum C, or less, induct-
ance of L) must be increased, or added in series at Lo.

teristic impedanee, Za, of the line,

3) Tt is possible to make the coupling between
the tank and pick-up coils very tight.

The second in this list is often hard to meet.
FFew manufactured link coils have adequate in-
ductanee even for coupling ta a 50-ohm line at
low frequeneies,

If the line is operating with a low saw.r., the
svstem shown in Fig. 6-11C will require tight
coupling hetween the two coils, Sinee the sce-
ondary (pick-up coil) vireuit iz not resonant, the
leakage reactance of the pick-up coil will eause
some detuning of the amplifier tank cireuit. This
detuning effeet increases with inereasing cou-
pling, but is usually not serious. However, the
amplifier tuning must he adjusted to resonance,
ax indieated by the plate-current dip, each time
the coupling is changed.

Capacitance in uuf. Required for Coupling to
Flat Coaxial Lines with Tuned Coupling Circuit

I'roquenes Characteristic lmpedance of Line
Band 32 s
Me. ol whins
1.8 ] Hoo
3.5 150 300
N %0
14 AR h
28 ol 10

! Capacitance valoes are maximom usable,

Note: Inductanee in circuit must be adjosted to
resonate al operating frequency.
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Tuned Coupling

The design difficulties of using “untuned”
pick-up eoils, mentioned ahove, can be avoided
by using a coupling eireuit tuned to the operat-
ing frequeney. This contributes additional se-
leetivity as well, and henee aids in the suppres-
sion of spurious radiations.

H the line is flat the input impedanee will be
exsentially resistive and equal to the Zg of the
line. With eoaxial eable, a cireunit of reasonable
can be obtained with practicable values of indnet-
ance and eapacitance connected in series with the
line’s input terminals. Suitable cireuits are given
in Fig, 6-11 at A and B. The Q of the coupling
circuit often may be as low as 2, without run-
ning into diflicultv in getting adequate coupling
to a tank cirenit of proper design. Larger values
of @ ean be used and will result in inereased
ease of coupling, but as the @ is increased the
[requency range over which the eirenit will oper-
ate without readjustment becomes smadler, [t is
usttally good practice, therefore, to use a coupling-
cirenit @ just low enough to permit operation,
over as much of a band as is normally used for a
particular type of communication, without re-
quiring retuning.

Capacitance values for a Q of 2 and line
impedances of 52 and 75 ohms are given in the
accompanying table. These are the marinm
values that should be used. The inductance in the
cireuit should be adjusted to give resonance at
the operating frequeney. I the link eoil used for a
particular band daes not have enough inductance
to resonate, the additional induetance may be
connected in series as shown in Fig, 6-1113.

Characteristics

In practice, the amount of inductance in the
cireuit should be chosen so that, with some-
what loose coupling between Ly and the amplifier
tank coil, the amplifier plate current will inerease
when the variable eapacitor, €', is tuned through
the value of capacitance given by the table. The
coupling between the two coils should then be
increased until the amplifier loads normally,
without changing the setting of €', If the trans-
mission line is flat over the entire frequeney band
under consideration, it should not be necessary to
readjust C'; when ehanging frequeney, if the
values given in the table are used. However, it is
unlikely that the line actually will be flat over
such a range, so some readjustment of €y may be
needed to compensate for changes in the input
impedance of the line. If the input impedance
variations are not large, ) may be used as o
loading  control, no changes in the coupling
hetween Ly and the tank coil being necessary.

The degree of eoupling between Ly and the
amplifier tank coil will depend on the coupling-
cireuit Q. With a Q of 2, the coupling should be
tight — comparable with the coupling that is
typieal of “fixed-link”” manufactured coils. With
a swinging link it may be necessary to inerease
the Q of the coupling cireuit in order to get suffi-
cient power transfer. This ean be done by in-
creasing the L/C ratio.



Pi-Section Output Tanks

@ PI-SECTION OUTPUT TANK

A pi-seetion tank cireuit may also be used in
coupling to an antenna or transmission line, as
shown in Fig. 6-12. The values of eapacitance for
) and Oy, and inductance for Ly for any values
of tube load resistance and output load resistance
may be caleulated from the formulas in the

chapter on eleetrieal laws,

COAXIAL
LINE

S
*HY ~

Q Q
HTR *5G~

Fig. 6-12—Pi-section output tank circuit.

Ci—Input capacitor. See text or Fig. 6-13 for reactance.
Voltage rating should be equal to d.c. plate
voltage for c.w.; double this value for plate
modulation.

C2—Output capacitor. See text or Fig. 6-15 for reactance.
See text for voltage rating.

Ci—Heater bypass—0.001-uf. disk ceramic.

Ci—Screen bypass. See Fig. 6-10.

C-:—Plate bypass. See Fig. 6-10.

Cs—Plate blocking copacitor—0.001-.f. disk ceramic or
mica. Voltage rating same as C;.

Li—See text or Fig. 6-14 for reactance.

RFCi—See later paragraph on r.f. chokes.

RFC2—2.5-mh. receiving type (essential to reduce peak
voltage across both input and output capacitors).

Values of reactance for €y, Ly and ('3 may be
taken direetly from the charts of Figs, 6-13, 6-14
and 6-15 if the output load resistance is 52 or
72 ohms. It should be borne in mind that these
values apply only where the output load is re-
sistive. 1.e., where the antenna and line have
been matched. The tube load resistance R in
ohms is determined by dividing the plate voltage
by twice the d.e. plate current in decimal parts of
an ampere.

OQutput-Capacitor Ratings

The voltage rating of the output capacitor
will depend upon the s.aw.r. If the load is resistive,
receiving-type air eapacitors should be adequate
for amplifier input powers up to I kw. with
plate modulation when feeding 52- or 72-ohm
loads. In obtaining the larger eapacitances re-
quired for the lower frequencies, it is common
practice to switch fixed ecapacitors in parallel
with the variable air capacitor, While the voltage
rating of a mica or ceramic eapacitor may not he
exceeded in a particular case, capacitors of thesc
tyvpes are limited in current-carrving capacity.
Postage-stamp silver-mica capacitors should he
adequate for amplifier inputs over the range from
about 70 watts at 28 Me. to 400 watts at 14 Me.
and lower. The larger mica capacitors (CM-45H
case) having voltage ratings of 1200 and 2500
volts are usually satisfactory for inputs varying
from about 350 watts at 28 Mec. to 1 kw. at 14 Me.
and lower. Because of these current limitations,
particularly at the higher frequencies, it is ad-

PI-NETWORK DESIGN CHARTS FOR FEED-
ING 52- OR 72-OHM COAXIAL TRANS-
MISSION LINES
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Fig. 6-16—Multiband tuner circuits. In the unbalanced
circuit of A, Ci and Cz are sections of a single split-stator
capacitor. In the balanced circuit of D, the two split-stator
capacitors are ganged to a single control with an insulated
shaft coupling between the two. In D, the two sections of
L> ore wound on the same form, with the inner ends con-
nected to Ca. In A, each section of the capacitor should
have a voltage rating the same as Fig. 6-33A. In D, Ci
should have a rafing the same as Fig. 6-33H (or Fig. 6-33E
if the feed system corresponds). C2 may have the rating of
Fig. 6-33E so long as the rotor is not grounded or bypassed
to ground,

visable to use as large an air eapaeitor as prac-
tieable, using the micas only at the lower frequen-
cies. Broadeast-recciver replacement-type eapaci-
tors can be obtained very reasonably. They are
available in triple units totaling about 1100 paf.,
or dual units totaling about 900 pef. Their insu-
lation should be suflicient for inputs of 500 watts
or more. Air eapacitors have the additional ad-
vantage that they are seldom permanently dam-
aged by a voltage hreak-down.

Neutralizing with Pi Network
Screen-grid amplifiers using a pi-network out-
put eireuit may be neutralized by the system
shown in IMigs. 6-23B and C.

@ MULTIBAND TANK CIRCUITS

Multiband tank circuits provide a convenient
means of covering several bands without the need
for changing coils. Tuners of this type con-
sist essentianlly of two tank circuits, tuned
simultaneously  with a single control. In a
tuner designed to cover 80 through 10 meters,
each cireuit has o sufficiently large capacitance
variation to assure an  approximately 2-to-1
frequeney range, Thus, one cireuit is designed
so that it covers 3.5 through 7.3 Me., while
the other covers 14 through 29.7 Me.

A single-ended, or unbalanced, circuit  of
this type is shown in Fig. 6-16A. In principle,
the reactance of the high-frequency coil, Lo,
is small enough at the lower frequencies so that
it can be largely negleeted, and €y and (2 are
in parallel across Ly, Then the cireuit for low
frequencies becomes that shown in Fig. 6-16B.

©

At the high frequencies, the reactance of Ly is
high, so that it may be considered simply as
a choke shunting €. The high-frequeney eireuit
is essentially that of IFig, 6-16C, La being tuned
by Cy and C in series.

In practice, the effect of one circuit on the
other cannot be neglected entirely. Le tends to
increase the effective eapacitance of Ca, while
Ly tends to decrease the effective capacitance of
C,. This effect, however, is relatively small,
Iach eircuit must cover somewhat more than a
2-to-1 frequeney range to permit staggering the
two ranges sufliciently to avoid simultancous
responses to a frequency in the low-frequency
range, and one of its harmonics Iying in the range
of the high-frequency circuit.

In any circuit covering a frequency range as
great as 2 to 1 by capacitance alone, the circuit
() must vary rather widely. If the cireuit is de-
signed for a Q of 12 at 80, the @ will be 6 at 40,
21 at 20, 18 at 13, and 12 at 10 meters. The in-
crease in tank current as a result of the incrense
in Q toward the low-frequencey end of the high-
frequencey range may make it necessary to design
the high-frequency coil with care to minimize
loss in this portion of the tuning range. It is
generally found desirable to provide separate
output coupling coils for cach circuit.

Fig. 6-161 shows a similar tank for balanced
circuits. The same principles apply.

Series or parallel feed may be used with cither
balanced or unbalanced eircuits. In the balanced
cireuit of Fig. 6-161), the serics feed point would
be at the center of Ly, with an r.f. choke in
series.

(For further discussion see QST, July, 1954.)

R.F. Amplifier-Tube Operating Conditions

In addition to proper tank and output-cou-
pling eircuits discussed in the preeeding sections,
an r.f. amplifier must be provided with suitable
cleetrode voltages and an rf. driving or excita-
tion voltage (see vacuum-tube chapter).

All r. f, amplifier tubes require a voltage to
operate the filument or heater (a.e. is usually
permissible), and a positive d.e. voltage between
the plate and filament or eathode (plate voltage).
Most tubes also require a negative d.c. voltage
(biasing voltage) between control grid (Grid
No. 1) and filament or cathode. Sereen-grid
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tubes require in addition a positive voltage
(screen voltage or Grid No. 2 voltage) between
sereen and filament or eathode.

Biasing and plate voltages may be fed to the
tube either in series with or in parallel with the
associated r.f. tank cireuit as discussed in the
chapter on elcetrieal laws and circuits.

It is important to remember that true plate,
screen or biasing voltage is the voltage between
the particular eleetrode and filament or cathode.
Only when the cathode is directly grounded to
the chassis may the electrode-to-chassis voltage



Transmitting-Tube Ratings

be taken as the true voltage.
The required r.f. driving voltage is applied
between grid and cathode.

Power Input and Plate Dissipation

Plate power input is the d.c. power input to
the plate eircuit (d.c. plate voltage X d.c. plate
current, Sereen power input likewise is the d.e.
sereen voltage X the d.e. sereen current.

Plate dissipation is the difference between the
r.f. power delivered by the tube to its loaded
plate tank circuit and the d.e. plate power input.
The screen, on the other hand, does not deliver
any output power, and therefore its dissipation
is the same as the sereen power input,

@ TRANSMITTING-TUBE RATINGS

Tube manufacturers speeify the maximum
values that should be applied to the tubes they
produce. They also publish sets of typical oper-
ating values that should result in good efficiency
and normal tube life,

Maximum values for all of the most popular
transmitting tubes will be found in the tables of
transmitting tubes in the last chapter. Also in-
cluded are as many sets of tyvpical operating
values as space permits. However, it is recom-
mended that the amateur secure a transmitting-
tube manual from the manufacturer of the tube
or tubes he plans to use.

CCS and ICAS Ratings

The same transmitting tube may have different
ratings depending upon the manner in which the
tube is to be operated, and the service in which
it is to be used. These different ratings are based
primarily upon the heat that the tube ean safely
dissipate. Some types of operation, such as with
grid or sereen modulation, are less efficient than
others, meaning that the tube must dissipate
more heat. Other types of operation, such as ¢.w,
or single-sideband phone are intermittent in
nature, resulting in less average heating than in
other modes where there is a continuous power
input to the tube during transmissions. There are
also different ratings for tubes used in transmit-
ters that are in almost constant use (CCS —
Continuous Commercial Serviee), and for tubes
that are to be used in transmitters that average
only a few hours of daily operation (1CAS
Intermittent Commereial and Amateur Service).
The latter are the ratings used by amateurs who
wish to obtain maximum output with reasonable
tube life.

Maximum Ratings

Maximum ratings, where they differ from the
values given under typical operating values, are
not normally of signifieance to the amateur ex-
cept in speeial applieations. No single maximum
value should be used unless all other ratings can
simultancously be held within the maximum
values. As an example, a tube may have a max-
imum plate-voltage rating of 2000, a maximum

plate-current rating of 300 ma., and a maximum
plate-power-input rating of 400 watts. There-
fore, if the maximum plate voltage of 2000 is
used, the plate eurrent should be limited to
200 mz. (instead of 300 ma.) to stay within the
maximum power-input rating of 400 watts,

@ SOURCES OF ELECTRODE
VOLTAGES

Filament or Heater Voltage

The filament voltage for the indirectly heated
eathode-type tubes found in low-power classifi-
cations may vary 10 per cent above or below
rating without seriously reducing the life of the
tube. But the voltage of the higher-power fila-
ment-tvpe tubes should he held closely between
the rated voltage as a minituum and 3 per cent
above rating as a maximum. Make sure that the
plate power drawn from the power line does not
cause a drop in filament voltage below the proper
value when plate power is applied.

Thoriated-type filaments lose emission when
the tube is overloaded appreciably. If the over-
load has not been too prolonged. emission some-
times may be restored by operating the filament
at rated voltage with all other voltages removed
for a period of 10 minutes, or at 20 per cent above
rated voltage for a few minutes.

Plate Voltage

D.c. plate voltage for the operation of r.f.
amplifiers is most often obtained from a trans-
former-rectifier-filter svstem (see power-supply
chapter) designed to deliver the required plate
voltage at the required current. However, bat-
teries or other d.e.-generating deviees are some-
times used in certain types of operation (see
portable-mobile chapter).

Bias and Tube Protection

Several methods of obtaining bias are shown
in Fig. 6-17. In A, bias is obtained by the voltage
drop aeross a resistg. in the grid d.e. return
cireuit when reetified grid current flows., The
proper value of resistance may be determined by
dividing the required biasing voltage by the d.c.
grid current at which the tube will be operated.
Then, so long as the r.i. driving voltage is ad-
justed so that the d.c. grid current is the recom-
mended value, the biasing voltage will be the
proper value. The tube is biased only when ex-
citation is applied, since the voltage drop across
the resistor depends upon  grid-current  flow.
When exeitation is removed, the bias falls to
zero. At zero bias most tubes draw power far in
excess of the plate-dissipation rating. So it is
advisable to make provision for protecting the
tube when exeitation fails by aecident, or by
intent as it does when a preceding stage in a c.w.
transmitter is keved.

If the maximum c.w. ratings shown in the tube
tables are to be used, the input should be cut to
zero when the key is open. Aside from this, it is
not necessary that plate current be cut off com-
pletely but only to the point where the rated
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Fig. 6-17 —Various systems for obtaining protective and operating bias for r.f. amplifiers. A—Grid-leak. B—Battery.
C—Combination battery and grid leak. D—Grid leak and adjusted-voltage bios pack. E—Combination grid leak and
voltoge-regulated pack. F—Cathode bias.

dissipation is not exceeded. In this case plate-
modulated phone ratings should be used for e.w.
operation, however,

With triodes this proteetion can be supplied
Dy obtaining all bias from a source of fixed volt-
age, as shown in Fig. 6-178. It is preferable,
however, to use only sufficient fixed bias to pro-
teet the tube and obtain the balance needed for
operating bias from a grid leak, asin C. The grid-
leak resistance is ealeulated as above, except that
the fixed voltage is subtracted fiest,

Fixed bias mayv be obtained from dry batteries
or from a power pack (see power-supply chapter).
If dry batteries are used, they should be checked
periodieally, since even though they may show
normal voltage, they eventually develop a high
internal resistanee. Grid-current  flow  through
this battery resistance may inerease the bias con-
siderably above that antieipated. The life of bat-
teries in bias serviee will be approximately the
same as though they were subjeet to a drain
equal to the grid current, despite the faet that the
grid-current flow is in sneh o divection as to charge
the hattery, rather than to discharge it

In Fig. 6-17F, bias is obtained from the volt-
age drop across a resistor in the eathode (or
filament center-tap) lead. Proteetive bias is ob-
tained by the voltage drop aeross 5 as a result
of plate (and sereen) current flow. Nince plate
current must flow to obtain a voltage drop across
the resistor, it is obvious that eut-off protective
bias cannot be obtatned. When exeitation is ap-
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plied, plate (and sereen) eurrent inereases and the
grid current also contributes to the drop across
Its, thereby inereasing the bias to the operating
value, Sinee the voltage between plate and
eathode is reduced by the amount of the voltage
drop aeross I, the over-all supply voltage must
be the sum of the plate and operating-bias volt-
ages. For this reason, the use of cathode bins
usually is limited to low-voltage tubes when the
extra voltage is not difficult to obtain.

The resistance of the eathode biasing resistor
Its should be adjusted to the value which will give
the correet operating bias voltage with rated
grid, plate and sereen currents flowing with the
amplifier loaded to rated input. When excitation
is removed, the input to most types of tubes will
fall to a value that will prevent damage to the
tube, at least for the period of time required to
remove plate voltage. A disadvantage of this bias-
ing svstem is that the eathode r.f. conneetion to
ground depends upon a bypass eapacitor. From
the consideration of v.h.f. harmonies and sta-
bility with high-perveance tubes, it is preferable
to mutke the eathode-to-ground impedanee as
close to zero as possible.

Screen Voltage

For c.aw. operation, and under ecertain condi-
tions of phone operation (see amplitude-modula-
tion chapter), the sereen may be operated from
a power supply of the same type used for plate
supply, except that voltage and carrent ratings



Bias and Tube Protection

should be appropriate for screen requirements.
The sereen may also be operated through a
series resistor or voltage-divider from a source of
higher voltage, such as the plate-voltage supply,
thus making a separate supply for the screen
unnecessary. Certain precautions are necessary,
depending upon the method used.

It should be kept in mind that screen current
varies widely with both execitation and loading.
I the sereen is operated from a fixed-voltage
souree, the tube should never be operated without
plate voltage and load, otherwise the sereen may
be damaged within a short time. Supplying the
sereen through a series dropping resistor from a
higher-voltage source, such as the plate supply,
affords a measure of protection, since the re-
gistor causes the sereen voltage to drop as the
current inereases, thereby limiting the power
drawn by the screen, However, with a resistor,
the sereen voltage may vary considerably with
excitation, making it necessary to check the
voltage at the sereen terminal under actual
operating conditions to make sure that the screen
voltage is normal, Redueing excitation will cause
the screen current to drop, inereasing the voltage;
inereasing  excitation will have the opposite
offect. These changes are in addition to those
eaused by changes in bias and plate loading, so
if a screen-grid tube is operated from a series
resistor or a voltage divider, its voltage should be
checked as one of the final adjustments after
exeitation and loading have been set,

An approximate value for the screen-voltage
dropping resistor may be obtained by dividing
the voltage drop required from the =upply volt-
age (difference between the supply voltage and
rated sereen voltage) by the rated sereen current
in decimal parts of an ampere, Some further
adjustment may be necessary, as mentioned
above, so an adjustable resistor with a total re-
sistance above that caleulated should be provided,

Protecting Screen-Grid Tubes

Sereen-grid tubes cannot be cut off with bias
unless the sereen is operated from a fixed-voltage
supply. In this case the cut-off bias is approxi-
mately the sereen voltage divided by the amplifi-
cation factor of the sereen. This figure is not
always shown in tube-data sheets, but cut-off
voltage may be determined from an inspection
of tube curves, or by experiment.

When the screen is supplied from a series
dropping resistor, the tube can be proteeted by
the use of a elamper tube, as shown in I7ig. 6-18.
The grid-leak bias of the amplifier tube with
exeitation is supplied also to the grid of the
clamper tube, This is usually sufficient to cut off
the clamper tube. However, when excitation is
removed, the clamper-tube bias falls to zero and
it draws enough current through the sereen drop-
ping resistor usually to limit the input to the
amplifier to a safe value. If complete screen-
voltage cut-off is desired, a VIR tube may be
inserted in the sereen lead as shown. The VR-
tube voltage rating should be high enough so
that it will extinguish when excitation is removed,

T0 AMP
SCREEN

SCREEN
RESISTOR

.3V. 4

Fig. 6-18—Screen clamper circuit for protecting screen-

grid power tubes. The VR tube is needed only for complete
cut-off,

@ FEEDING EXCITATION
TO THE GRID

The required r.f. driving voltage is supplied
by an oscillator generating a voltage at the de-
sired frequency, either directly or through inter-
mediate amplifiers or frequeney multipliers.

As explained in the chapter on vacuum-tube
fundamentals, the grid of an amplifier operating
under Class C conditions must have an exciting
voltage whose peak value exceeds the negative
biasing voltage over a portion of the exeitation
evele, During this portion of the eyele, current
will flow in the grid-cathode circuit as it does in
a diode eireuit when the plate of the diode is
positive in respect to the eathode. This requires
that the r.f. driver supply power. The power re-
quired to develop the required peak driving
voltage across the grid-eathode impedanee of
the amplifier is the 1. driving power.

The tube tables give approximate figures for
the grid driving power required for cach tube
under various operating conditions, These fig-
ures, however, do not include cireuit losses. In
general, the driver stage for any Class C ampli-
fier should be capable of supplying at least three
times the driving power shown for typical oper-
ating conditions at frequencies up to 30 Me,,
and from three to ten times at higher frequencies,

Since the d.e. grid current relative to the
biasing voltage is related to the peak driving
voltage, the d.c. grid eurrent is commonly used
as a convenient indicator of driving conditions.
A driver adjustment that results in rated d.c.
gried current when the d.e. bias is at its rated
value, indieates proper exeitation to the amplifier
when it is fully loaded.

In coupling the grid input circuit of an ampli-
fier to the output circuit of a driving stage the
objeetive is to load the driver plate circuit so that
the desired amplifier grid excitation is obtained
without exceeding the plate-input ratings of the
driver tube.

Driving Impedance

The grid-current flow that resuits when the
grid is driven positive in respect to the eathode
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DRIVER AMP
SWR Fig. 6-19 —Coupling excitation
L A o . R to the grid of an r.f. power
! L Lokt 7‘02 amplifier by means of o low-
2 -0 O~ e impedance coaxial line.
ﬂ ] Lo, & [
TOHV “pims *

Cy, Ca, Li, La—See corresponding components in Fig. 6-10.

Co—Amplifier grid tank capacitor—see text and Fig. 6-20 for capacitance, Fig. 6-34 for voltage rating.

C4—0.-001-uf. disk ceramic.

L.—To resonate at operating frequency with Ca. See LC chart inductance formula in electrical-laws chapter, or use

ARRL Lightning Calevlator.,

Li—Reactance equal to line impedance—see reactance chart and inductance formula in electrical-laws chapter, or use

ARRL Lightning Calev'ator.

R is used to simulate grid impedance of the amplifier when a low-power s.w.r. indicator, such as o resistance bridge,
is used. See formula in text for calculating value. Standing-wave indicator SWR is inserted only while line is made flat.

over a portion of the excitation eyele represents
an average resistance aeross which the exciting
voltage must be developed by the driver. In other
words, thix is the lond resistance into which the
driver plate eircuit must be coupled. The approxi-
mate grid input resistance is given hy:

Input impedance (ohms)
_driving power (watts)

9 g
d.c. grid current (ma.)? oS Uk oS
For normal operation, the driving power and grid
current may be taken from the tube tables.
Since the grid input resistance is a matter of a
few thousand ohms, an impedance step-down is
necessary if the grid is to be fed from a low-
impedance transmission line. This ean be done
by the use of a tank as an impedance-transform-
ing deviee in the grid cireuit of the amplifier as
shown in Fig. 6-19. "This coupling svstem may be
considered cither as simply a means of obtaining
mutual inductance between the two tank coils,
or as a low-impedance transmission line. If the
line is longer than a small fraction of a wave
length, and if a s.w.r. bridge is available, the line
is more casily handled by adjusting it as a
matched transmission line.

Inductive Link Coupling with Flat Line

In adjusting this type of line, the object is to
make the s.w.r. on the line as low as possible
over as wide a band of frequencies as possible so
that power can be transferred over this range
without retuning. It is assumed that the output
coupling considerations discussed earlier have
been observed in connection with the driver plate
cireuit. So far as the amplifier grid cirevit is
concerned, the controlling factors are the Q of
the tuned grid circuit, LaCy, (see Fig. 6-20) the
inductance of the coupling coil, Ls, and the de-
gree of coupling between Ly and Ly Variable
coupling between the coils is convenient, but not
strictly necessary if one or both of the other
factors can be varied. An s.w.r. indicator (shown
as “SWR” in the drawing) is essential. An indi-
cator such as the “ Micromatch” (a commercially
available instrument) may be connected as shown
and the adjustments made under actual operating
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conditions; that is, with full power applied to
the amplifier grid.

Assuniing that the coupling is adjustable,
start with a trial position of Ly with respect to
Ls, and adjust (2 for the lowest s.w.r. Then
change the coupling slightly and repeat. Con-
tinue until the s.w.r. is as low as possible; if the
cireuit constants are in the right region it should
not be difficult to get the sawer, down to 1 to 1.
The Q of the tuned grid eircuit should be de-
signed to be at least 10, and if it is not possible
to get a very low s.w.r. with such a grid circuit
the probable reason is that Lg is too small.
Maximum coupling, for a given degree of physi-

===

gh

]

's

DRIVING POWER (WATTS)

D.C. GRID CURRENT (Ma)2
Fig. 6-20—Chart showing required grid tank capacitance
for o Q of 12. To use, divide the driving power in wotts
by the square of the d.c. grid current in milliomperes and
proceed as described under Fig. 6-9. Driving power and
grid current may be taken from the tube tables. When a
sglit-stator capacitor is used in o balanced grid circuit, the

capacitance of each section may be half that shown.



Interstage Coupling

cal coupling, will occur when the inductance of
Ly is such that its reactance at the operating fre-
queney is equal to the charaeteristic impedanee
of the link line, The reactance can he ealeulated
as deseribed in the ehapter on clectrical funda-
mentals i the induetance is known: the induct-
anee can either be ealeulated from the formula in
the same chapter or measured as deseribed in the
chapter on measurements,

Once the sav.r, has been brought down to I to
I, the frequeney should be shifted over the band
=0 that the variation in xaw.r. can be observed,
without changing €y or the coupling between Lz
and Ly If the s.w.r. rises rapidly on either side of
the original frequeney the eireuit ean be made
“Hatter” by redueing the Q of the tuned grid eir-
euit. This may be done by decreasing C's and cor-
respondingly increasing Lo to maintain  reso-
nance, and by tightening the coupling hetween Lo
and Ly, going through the same adjustment
process again. It is possible to set up the system
g0 that the s.w.r. will not exceed 1.5 to 1 over, for
example, the entire 7-Me. band and propnrnun-
ately on other bands. Under these circunmstances
a single setting will serve for work anvwhere in
the band, with essentially constant power trans-
fer from the line to the power-amplitier grids.

If the coupling between Lo and Ly is not ad-
justable the same result may he secured by vary-
ing the L/C ratio of the tuned grid eireuit — that
is, by varving its Q. If any difliculty is cnconn-
tered it ean be overcome by changing the number
of turns in L4 until a mateh is secured. The two
coils should he tightly coupled.

When a resistanec-bridge type s.w.r. indicator
(see measuring-cquipment section) is used it is
not possible to put the full power through the
line when making adjustments. In such ease the
operating conditions in the amplifier grid cireait
can be simulated by using a carbon resistor (14 or
I watt size) of the same value as the ealeulated
amplifier grid impedanee, connected as indieated
by the arrows in Fig. 6-19. In this euse the ampli-
fier tube must be operated “cold” — without
filament or heater power. The adjustment process
is the same as deseribed above, but with the
driver power reduced to a value suitable for
operating the s.w.r, bridge.

When the grid ('ouplin;., syvstem has been ad-
justed so that the sawer, is close to 1 to 1 over the
desired frequeney range, it is certain that the
power put into the link line will be delivered to
the grid cirenit. Coupling will be facilitated if the
line is tuned as deseribed under the earlier seetion
on output coupling systems.

Link Feed with Unmatched Line

When the system is to he treated without re-
gard to transmission-line effects, the link line
must not offer appreciable reactance at the
operating frequeney. Any appreciable reactance
will in effect reduce the coupling, making it im-
possible to transfer suflicient power from the
driver to the amplifier grid eireuit. Coaxial eables
especially have considerable eapacitance for even
short lengths and it may be more desirable to

use o spaced line, such as if the
radintion can be tolerated,

The reactance of the line ean be nullified only
by m.Ll\mg., the link resonant. This may require
ch wnging the number of turns in the link coils,
the length of the liwe, or the insertion of o tuning
capacitanee, Since the sawr, on the link line
may he quite high, the line losses inerease he-
cause of the greater current, the voltage inerease
may be sufficient to cause a breakdown in the
insulation of the cable : and the added tuned eireuit
makes adjustment more critical with relatively
small changes in frequeney.

These troubles may not be encountered if the
Iink line is kept very short for the highest fro-
queney. A length of 3 feet or more may be tol-
erable at 3.5 Me., but a length of a foot at 28 Me.
may he enough to cause serious effects on the
funetioning of the system.

Adjusting the coupling in such a svstem must
necessarily be largely a matter of cut and try.
If the line is short cnough so us to have n(’;.,ll;,ll)l('
reactance, the coupling between the two tank
cireuits will inerease within limits by adding turns
to the link coils, or by coupling the link coils
more tightly, if possible, to the tank coils. If it is
impossible to change cither of these, a variable
capaeitor of 300 ppf. may be connected in series
with or in parallel with the link coil at the driver
end of the line, depending upon which connection
is the most effective.

If coaxiul line is used, the eapacitor should be
connceted in series with the inner conductor. If
the line is long enough to have appreciable
reactance, the variable capacitor is used to reso-
nate the entire link cireuit,

As mentioned previously, the size of the link
coils and the length of the line, as well as the size
of the eapacitor, will affeet the resonant frequency
and it may take an adjustment of all three before
the eapacitor will show a pronounced effect on
the coupling,

When the system has been made resonant,
coupling may be adjusted by varying the link
capacitor.

Twin-Lead,

Simple Capacitive Interstage Coupling

The capacitive system of Fig, 6-21A is the
simplest of all coupling systems. (See Fig. 6-8
for filament-type tubes.) In this circuit, the plate
tank cireuit of the driver, (1L, serves also as
the grid tank of the amplifier. Although it is used
more frequently than any other system, it is
less flexible and has certain limitations that must
he taken into consideration.

The two stages eannot be separated physically
any appreciable distanee without involving loss
in transferred power, radiation from the cou-
pling lead and the danger of feedback from this
lead. Rinee hoth the output eapacitance of the
driver tube and the input eapacitance of the
amplifier are across the single cireuit, it is some-
times difficult to obtain a tank cireuit with o
sufficiently low @ to provide an efficient cireuit
at the higher frequencies. The coupling ean be
varied by altering the eapacitance of the coupling
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DRIVER AMP
) ng
A
J
= L RF
/ o i CI
C, ‘— Cq
+H V- (A) BIAS* HT
DRIVER AMP
RFC,
it
+HV - (B) BIAS# HTR

Cz—Coupling capacitor—50 to 150 upf. mica,
and amplifier biasing voltages, plus safety foctor.

gl
fet

&L
C\—Driver plate tank copacitar—see text and Fig. 6-9 for capacitance,
as necessary for desired

5

Fig. 6-21—Capacifive-caupled amplifiers.
A—Simple capacitive coupling. 8—Pi-sectian
coupling.

Fig. 6-33 for voltage rafing.
coupling. Voltage rafing sum of driver plate

Ca—Driver plate bypass capacitor—0.001 -uf. disk ceramic or mica. Voltage rating same as plate voltage.

Ci—Grid byposs—0.001-uf. disk ceramic.
Cs—Heater bypass—0.001-pf. disk ceramic.

Ca—Driver plate blacking capacitor—0.001-uf. disk ceromic or mica. Voltage rating same os Cz.
C;—Pi-section input capacitor—see text referring fo Fig. 6-12 for capacitance. Voltage rafing—see Fig. 6-33A.

Cg— Pi-section output capacitor— 100-puf. mica. Valtage rating some as
See LC chart and inductance formula in electrical-laws chapter, or

Li—To resonote ot operafing frequency with Ci.
use ARRL Lightning Calculator.
Lo—Pi-sectian inductor—See Fig. 6-12. Approx. same as L.
RFC,— Grid r.f. choke—2.5-mh.
RFC2—Driver plate r.f. choke—2.5 mh.
capacitor, (‘3. The driver load impedance is the
sum of the amplifier grid resistanee and the
reactance of the coupling capacitor in series, the
coupling eapacitor serving simply as a serics
yeactor, The driver load resistanee increases with
4 decrease in the eapacitance of the coupling
capacitor.

When the amplifier grid impedance is lower
than the optimum load resistanee for the driver,
a4 transforming acetion is possible by tapping the
grid down on the tank coil, but this s not recom-
mended beeause it invariably causes an increase
in v.h.f. harmonics and sometimes sets up 2
parasitic cireuit,

So far as coupling is concerned, the Q of the
circuit is of little significance. 1lowever, the
other considerations discussed earlier in con-
neetion with tank-cireuit @ should be observed.

Pi-Network Interstage Coupling

A pi-section tank circuit, ax shown in Fig.
6-2113, may be used as a coupling devicee between
seroen-grid amplifier stages, The cireuit is actu-
ally a eapacitive coupling arrangement with the
grid of the amplifier tapped down on the cireuit
by means of a capacitive divider. In contrast
to the tapped-coil method mentioned previously,
thix system will be very effective in reducing
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driver plate voltoge plus safety factor.

v.h.f. harmonies, beeause the output capacitor,
(s, provides o dircet capacitive shunt for har-
monies aeross the amplifier grid cireuit,

To he most cffeetive in reducing v.h.f. har-
monics, ('s should be a miea eapacitor connected
directly across the tube-socket terminals. Tap-
ping down on the circuit in this manuner also
helps to stabilize the amplifier at the operating
frequency beeause of the grid-circuit Joading
provided by Cy. For the purposes hoth of sta-
bility and harmonic reduetion, experience has
shown that a value of 100 ppl for ('g usually is
sufficient. In general, C7 and Lo should have
values approximating the capacitance and in-
ductanee used in a conventional tank ecircuit.
A reduction in the inductance of Ls results in an
inerease in coupling because (7 must be in-
ereased to retune the cireuit to resonance. This
changes the ratio of (s to Oy and has the effeet of
moving the grid tap up on the eireuit. Nince the
coupling to the grid is comparatively loose under
any condition, it may be found that it is impos-
gible to utilize the full power eapability of the
driver stage. If sufficient excitation eannot be ob-
tained, it may be necessary to raise the plate volt-
age of the driver, if thisis permissible, Otherwise
a targer driver tube may be required. As shown in
Fig. 6-21B, parallel driver plate feed and ampli-
fier grid feed are necessary.



Stabilizing Amplifiers

@ STABILIZING AMPLIFIERS
External Coupling

A straight amplifier operates with its input and
output circuits tuned to the same frequency.
Therefore, unless the coupling between these two
cireuits is brought to the necessary minimum, the
amplifier will oseillate us a tuned-plate tuned-grid
eireuit, Care should be used in arranging com-
ponents and wiring of the two circuits so that
there will be negligible opportunity for coupling
external to the tube itself. Complete shielding be-
tween input and output circuits usually is re-
quired. All r.f, leads should be kept as short as
possible and particular attention should be paid
to the r.f. return paths from plate and grid tank
circuits to cathode, In general, the best arrange-
ment is one in which the cathode (or filament cen-
ter tap) conunection to ground, and the plate tank
cireuit are on the same side of the chassis or other
shielding. Then the “hot” lead from the grid
tank (or driver plate tank) should be hrought to
the socket through a hole in the shielding. Then
when the grid tank capacitor or hypass is
grounded, a return path through the hole to
cathode will be encouraged, since transmission-
line characteristies are simulated.

A cheek on external coupling between  in-
put and output circuits can be made with a
sensitive indicating device, such as the one dia-
grammed in Fig, 6-22. The amplifier tube is re-
moved from its socket and if the plate terminal is

XTAL

LINK

1 1
Fig. 6-22—Circuit of sensitive neutralizing indicator.

Xtal is a 1N34 crystal detector, MA a 0-1 direct-current
milliammeter and C o 0.001-uf. mica bypass capacitor.

at the socket, it should be disconnected. With the
driver stage running and tuned to resonance,
the indicator should be coupled to the output
tank coil and the output tank capacitor tuncd
for any indication of r.f. feedthrough, Ixperi-
ment with shielding and rearrangement of parts
will show whether the isolation can be improved.

Screen-Grid Neutralizing Circuits

The plate-grid eapacitance of screen-grid tubes
is reduced to a fraction of a micromicrofarad by
the interposed grounded sereen, Nevertheless,
the power sensitivity of these tubes is s0 great
that only a very small amount of feedback is
necessary to start oscillation. To assure a stable
amplifier, it is usually necessary to load the
grid circuit, or to use a neutralizing circuit. A
neutralizing circuit is one external to the tube
that balances the voltage fed back through the
grid-plate capacitance, by another voltage of
opposite phase.

Fig. 6-23A shows how a sereen-grid amn-
plifier may be necutralized by the use of an
inductive link line coupling the input and output

3ih
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Fig. 6-23—Screen-grid neutralizing circuits. A—Inductive

neutralizing, B-C—Capacitive neutralizing.

Ci—Grid bypass capacitor—approx. 0.001 -uf. mica.
Voltage rating same as biasing voltage in B, same
as driver plate voltage in C,

C2—Neutralizing capacitor—approx. 2 to 10 uuf.—see
text. Voltage rating same as amplifier plate volt-
age for c.w., twice this valye for plate modulation.

Li, Lo—Neutralizing link—usually a turn or two will be
sufficient,

tank circuits in proper phase. The two coils
must be properly polarized. If the initial connee-
tion proves to be ineorrect, connections to one
of the link coils should he reversed. Neutralizing
is adjusted by changing the distance between the
link coils and the tank coils, In the case of ca-
pacitive coupling between stuges, one of the link
coils will be coupled to the plite tank coil of the
driver stage.

A capacitive neutralizing system for screen-
grid tubes is shown in Fig. 6-23B. C, is the
neutralizing capacitor, The capacitance should
be chosen so that at some adjustment of €,

Cy _ Tube grid-plate capacitance (or C,y)
Cr Tube input capacitance (or C1N)

The tube interelectrode cupacitances Cgp, and
C'1x are given in the tube tables in the last chapter.
The grid-cathode capacitance must include all
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strays directly across the tube capacitance, in-
cluding the capacitance of the tuning-capacitor
stator to ground. This may amount to 5to20
uuf. In the case of apacitance coupling, us
shown in Fig. 6-23C, the output capacitance of
the driver tube must be added to the grid-
.athode capacitance of the amplifier in arriving
at the value of (2. If C2 works out to an im-
practically large or small value, (' eanbe changed
to compensate by using combinations of fixed
mica eapacitors in parallel.

Neutralizing Adjustment

The procedure in neutralizing is essentially
the same for all types of tubes and cireuits.
The filament of the amplifier tube should be
lighted and exeitation from the preceding stage
fod to the grid eircuit. Both screen and plate
voltages should be disconnected at the trans-
mitter terminals,

The immediate objective of the neutralizing
process is reducing to a minimum the r.f. driver
voltage fed from the input of the amplifier to
its output cireuit through the grid-plate capac-
itance of the tube. This is done by adjusting
carefully, bit by bit, the neutralizing capacitor
or link coils until an r.f. indieator in the output
cireuit reads minimum.

The deviee shown in Fig. 6-22 makes a sensitive
neutralizing indicator. The link should be coupled
to the output tank coil at the low-potential or
“yround” puint. Care should be taken to make
sure that the coupling is loose enough at all
times to prevent burning out the meter or the
reetifier, ‘The plate tank capacitor should be
readjusted  for maximum reading after each
change in neutralizing.

The grid-current meter may also be used as a
neutralizing indicator. With plate and screen
voltages removed as deseribed above, there will
he a change in grid current as the plate tank
cireuit is tuned through resonance, The neutral-
izing capacitor should be adjusted until this de-
flection is brought to a minimum. As a final ad-
justment, plate and screen voltages should be
applied and the neutralizing capacitanee adjusted
to the point where minimum plate current, maxi-
mum grid current and maximun screen current
oceur simultancously. An inerease in grid carrent
when the plate tank cireuit is tuned slightly on
the high-trequeney side of resonance indieates
that the neutralizing eapaeitance is too smiall,
the inerease is on the low-frequencey side, the
nentralizing capacitance is too large. When neu-
tralization is complete, there should be aslight de-
crease in grid current on cither side of resonance.

Grid Loading

The use of a neutralizing circuit may often be
avoided by loading the grid cireuit if the driving
stage has some power capability to spare. Load-
ing by tapping the grid down on the grid tank
coil (ur the plate tank coil of the driver in the
case of capacitive coupling), or by a resistor from
grid to eathode is effective in stabilizing an
amplitier, but cither device may inerease v.h.f.
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harmonies. "Fhe best loading system is the use of
a pi-scection filter, as shown in Fig. 6-2113. This
circuit plices a capacitance direetly between grid
and eathode. This not only provides the desirable
loading, but also a very cffective capacitive short
for v.h.i. harmonics, A 100-pef. mica capacitor
for (s, wired directly between tube terminals
will usually provide suflicient loading to stabilize
the amplifier.

V.H.F. Parasitic Oscillation

Parasitic oscillation in the vt range will
take place in almost every r.f. power amplifier,
To test for v.hf. parasitic oscillation, the grid
tank coil (or driver tank coil in the case of ea-
pacitive coupling) should be short-cireuited with
a clip lead. This is to prevent any possible t.g.tp.
oseillation at the operating frequencey which
might lead to confusion in identifyving the para-
sitic. Any fixed bias should be replaced with o
grid leak of 10,000 to 20,000 ohms. All load on
the output of the amplifier should be discon-
neeted, Plate and sereen voltages should be re-
duced to the point where the rated dissipation is
not exceeded, Tf a Variac is not available, voltage
may be reduced by a H5-volt lamp in series with
the primary of the plate transformer.

With power applied ounly to the amplifier under
test, a search should be made hy adjusting the
input capacitor to several settings, including
minimum and maximum, and turning the plate
capacitor through its range for cach of the grid-
capacitor settings. Any grid current, or any dip
or flicker in plate ewrrent at any point, indi-
cates oscillation. This can be confirmed by anindi-
cating absorption wavemeter tuned to the fre-
quency of the parasitic and held close to the
plate lead of the tube,

The heavy lines of Fig. 6-21A show the usual
parasitic tank cireuit, which resonates, in most
cases, between 150 and 200 Me, For each type of
tetrode, there is a region, usually below the para-
sitic frequency, in which the tube will be self-
neutralized. By adding the right amount of in-
ductance to the parasitic cireuit, its resonant
frequeney ean he brought down to the frequencey
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Fig. 6-24—A—Usual parositic circuit, B—Resistive loading

of porasitic cireuit. C—lInductive coupling of looding
resistance inta parasitic circuit.
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Parasitics

at which the tube is self-neutralized, However,
the resonant frequeney should not he brought
down so low that it falls close to TV Channel 6
(88 Me.). From the consideration of TVI, the eir-
cuit may be loaded down to a frequeney not lower
than 100 Me. If the self-neutralizing frequency
is below 100 Me., the eireuit should be loaded
down to somewhere between 100 and 120 Me., with
mductance, Then the parasitic ean he suppressed
by loading with resistance, as shown in Fig, 6-2113,
A coilof L or 5 turns, 14 inch in diameter, is a good
starting size. With the tank capacitor turned to
maximum eapacitance, the cireuit should be
checked with a g.d.o. to make sure the resonance
is ahove 100 Me. Then, with the shortest possible
leads, a noninduetive 100-ohm  1-watt resistor
should be connected across the entire coil. The
amplifier should he tuned up to its highest-fre-
queney band and operated at low voltage. The
tap should be moved a little at « time to find the
minimum number of turns required to suppress
the parasitic. Then voltage should be increased
until the resistor begins to feel warm after several
minutes of operation, and the power input noted,
This input should be compared with the normal
input and the power rating of the resistor increased
by this proportion:i.e., if the poweris half normal,
the wattage rating should be doubled. This in-
crease is best made by connecting l-watt carbon
resistors in parallel to give a resultant of about
100 ohms. \s power input is inereased, the para-
sitic may start up again, so power should be
applied only momentarily until it is made cer-
tain that the parasitic is still suppressed, If the
parasitic starts up again when voltage is raised,
the tap must be moved to include more turns,
So long as the parasitic is suppressed, the re-
sistors will heat up only from the operating-
frequeney current.

Sinee the resistor can be placed across only that
portion of the parasitic circuit represented by L,
the latter should form as large a portion of the
cireuit as possible. Thercfore, the tank and hy-
pass capacitors should have the lowest possible
inductance and the leads shown in heavy lines
should be as short as possible and of the heaviest
practical conductor. This will permit L, to be of
maximum size without tuning the circuit helow
the 160-Me, limit.

Another arrangement that has been used suc-
eessfully is shown in Fig. 6-21C. A small tum
or two is inserted in place of L, and this is cou-
pled to a civenit tuned to the parasitie frequeney
and loaded with resistance. The heavy-line cireuit
should first be checked with a g.d.o. Then the
loaded eirenit should be tuned to the same fre-
queney and coupled in to the point where the
parasitic ccases. The two coils ean he wound on
the same form and the coupling varied by sliding
one of them. Slight retuning of the loaded cireuit
may he required after coupling. Start out with
low power as before, until the parasitie is sup-
pressed. Sinee the loaded civenit in this ease car-
ries much less operating-frequency current, a
single 100-ohm L-watt resistor will often he suf-
ficient and a 30-put. mica trimmer should serve

as the tuning eapacitor, C,,.

Low-Frequency Parasitic Oscillation

"The sereening of most transmitting screen-grid
tubes is sufficient to prevent low-frequency para-
sitie oscillation caused by resonant circuits set up
by r.f, chokes in grid and plate circuits, Should
this type of oscillation (usually between 1200 and
200 ke.) oceur, see paragraph nnder triode am-
plifiers.

@ PARALLEL-TUBE AMPLIFIERS

The circuits for parallel-tube amplifiers are the
same as for a single tube, similar terminals of the
tubes being connected together. The grid imped-
ance of two tubes in parallel is half that of 4 single
tube. This means that twice the grid tank capaci-
tance shown in Fig. 6-20 should be used for the
same Q.

The plate load resistance is halved so that the
plate tank capacitance for a single tube (Fig.
6-10) also should he doubled. The total grid cur-
rent will he doubled, so to maintain the same grid
bias, the grid-leak resistance should be half that
used for a single tube. The required driving
power is doubled. The eapacitance of neutraliz-
ing capacitor, if used, should be doubled and the
value of the sereen dropping resistor should he
cut in half.

In treating parasitic oscillation, it may he
necessary to use a choke in each plate lead,
rather than one in the common lead. Input and
vutput eapacitances are doubled, which may be
a factor in obtaining efficient operation at higher
frequencies.

@ PUSH.PULL AMPLIFIERS

Basic push-pull ecireuits are shown in Fig,
6-26C and D. Amplifiers using this ecircuit are
cumbersome to bandswiteh and consequently are
not very popular helow 30 Me. However, sinee
the push-pull configuration places tube input
and output ecapacitances in series, the cireuit is
widely used at 30 Me. and higher,

@ TRIODE AMPLIFIERS

Circuits for triode amplifiers are shown in
Fig. 6-26. Neglecting references to the sereen,
all of the foregoing information applies equally
well to triodes. All triode straight amplificrs must
he neutralized, as Fig. 6-26 indicates. From the
tuhe tables, it will be seen that triodes require
considerably more driving power than sereen-
grid tubes. However, they also have less power
=ensitivity, so that greater foedback can be tol-
erated without the danger of instability,

Low-Frequency Parasitic Oscillation

When r.f. chokes are used in both grid and
plate cireuits of a triode amplifier, the split-
stator tank capacitors combine with the r.f,
chokes to form a low-frequeney parasitic circuit,
unless the amplificr circuit is arranged to prevent
it. In the cireuit of Fig, 6-26R8, the amplifier grid
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is series fed and the driver plate is parallel fed.
For low frequencies, the r.f. choke in the driver
plate circuit is shorted to ground through the
tank eoil. In Figs. 6-26C and D, a resistor is sub-
stituted for the grid r.f. choke. This resistance
should be at least 100 ohms. If any grid-leak re-
sistanee is used for biasing, it should be substi-
tuted for the 100-ohm resistor.

Triode Amplifiers with Pi-Network Output

Pi-network output tanks, designed as de-
ceribed earlier for sercen-grid tubes, may also be
used with triodes. However, in this case, a bal-
anced input eireuit must be provided for neu-
tralizing. Fig. 6-25A shows the cireuit when
inductive-link input coupling is used, while 1
shows the cireuit to be used when the amplifier
is coupled capacitively to the driver. Pi-network
cireuits cannot he used in both input and output
circuits, sinece no means is provided for neu-
tralizing.

9o GROUNDED-GRID AMPLIFIERS

Fig. 6-27A shows the input circuit of a grounded-
grid triode amplifier. In configurat ion it is similar
to the conventional grounded-cathode cireuit ex-
cept that the grid, instead of the cathode, is at
ground potential. An amplifier of this type is
characterized by a comparatively low input im-

OUTPUT

RFC

—“HV +
DRIVER

~BIAS+

—HV +

e tube. B—Capacitive coupling, single tube. C—Link coupling,

push-pull. D—Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are mandatory with triodes, the

circuits are the same as for screen-grid tubes, and should have the same values throughout. The nevutralizing capacitor,

C), should have a capacitance somewhat greater than the grid-plate capacitance of the tube. Voltage rating should be

twice the d.c. plate voltage for c.w., or four times for plate modulation, plus safety factor. The resistance R; should be at

least 100 ohms and it may consist of part or preferably all of the grid leak. For other component values, see similar
screen-grid diagrams.
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Fig. 6-27 —A—Grounded-grid triode input circuit. B—Tetrode input circuit with grid and screen directly in parallel.
C—Tetrode circuit with d.c. voltage applied to the screen. Plate circuits are conventional.

pedance and a relatively high driver-power re-
quirement. The additional driver power is not
consumed in the amplifier but is “fed through”
to the plate circuit where it combines with the
normal plate output power. The total r.f. power
output is the sum of the driver and amplifier out-
put powers less the power normally required to
drive the tube in a grounded-cathode circuit.

Positive feedback is from plate to cathode
through the plate-cathode, or plate-filament,
capacitance of the tube. Sinece the grounded grid
is interposed between the plate and cathode, this
capacitance is very small, and neutralization
usually is not necessary.

A disadvantage of the grounded-grid circuit is
that the cathode must be isolated for r.f. from
ground. This presents a practieal difficulty, espe-
cially in the case of a filament-type tube whose
filament current is large. Another disadvantage in
plate-modulated phone operation is that the
driver power fed through to the output is not
modulated.

The chief application for grounded-grid ampli-
fiers in amateur work at frequenecies below 30 Me.
is in the case where the available driving power
far exceeds the power that can be used in driving
a conventional grounded-cathode amplifier.

D.c. eleetrode voltages and  currents in
grounded-grid triode-amplifier operation are the
same as for grounded-cathode operation. Approxi-
mate values of driving power, driving impedance,
and total power output in Class C operation can
be caleulated as follows, using information nor-
mally provided in tube data sheets. R.m.s. values
are of the fundamental components:

Ep = rums. value of r.f. plate voltage

_ d.c. plate volts + d.c. bias volts — peak r.f. grid volts
1.41

In = r.m.s. value of r.f. plate current

rated power ontput wattls
E,

Ey = rim.s. value of grid driving voltage

_ peak r.f. grid volts
1.41

Ig = r.m.s. value of r.f. grid current

_ raled driving power walls
Eq

Then,

Driving power (watts) = Eg (In + I)
Eq
Iy + In

Power fed through from driver stage (watts) = Egl,

Driving impedance (ohms) =

Total power output (watts) = I, (Eg + Ey)

Sereen-grid tubes are also used sometimes in
grounded-grid amplifiers. In some cases, the
screen is simply connected in parallel with the
grid, as in Fig. 6-278, and the tube operates as a
high- triode. In other cases, the screen is hy-
passed to ground and operated at the usual d.c.
potential, as shown at C. Since the screen ix still
in parallel with the grid for r.f., operation is very
much like that of a triode except that the positive
voltage on the sereen reduces driver-power re-
quirements. Since the information usually fur-
nished in tube-data sheets does not applv to
triode-type operation, operating conditions are
usually determined experimentally. In general,
the bias iz adjusted to produce maximum output
(within the tube’s dissipation rating) with the
driving power available.

Fig. 6-28 shows two methods of coupling a
grounded-grid amplifier to the 50-ohm output of
an existing transmitter. At A an L network is
used, while a conventional link-coupled tank is
shown at B. The values shown will be approxi-
mately correct for most triode amplifiers oper-
ating at 3.5 Me. Values should be cut in half each
time frequency is doubled, i.e., 250 uuf. and 7.5
wh. for 7 Me., ete.

Filament Isclation

Since the filament or cathode of the grounded-
grid amplifier tube operates at some r.f. potential
above ground, it is necessary to isolate the fila-
ment from the power line. In the case of low-
power tubes with indirectly heated cathodes, it is
sometimes feasible to depend on the small eapaci-
tance existing between the heater and cathode,
although it is preferable to provide additional
isolation,

In Fig. 6-29, isolation is provided by a special
low-capacitance filament transformer. RFCy car-
ries only the cathode current. Iowever, since
transformers of this type are not generally avail-
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able, other means must usually be employed.

In Fig. 6-20B, chokes are used to isolate the
filament from the filament transformer. The re-
actance of the chokes should be several times the
input impedance of the amplifier and must be
wound with conduetor of sufficient size to carry
tlie filament eurrent. 1t is usually necessary to use
o transformer delivering more than the rated
filament voltage to compensate the voltage drop
across the chokes, In g, 6-290, r.f. chokes are
placed in the primary side of the transformer.
This reduces the current that the chokes must
handle, but the filiment transformer must be
mounted so that it is spaced from the chassis and
other grounded metal to minimize the eapacitance
of the transformer to ground, REFC earrios
cathode current only.

In the ense of the input eireuit of Fig. 6-2813,
it is sometimes feasible to wind the tank inductor
with two conduetors in parallel, and feed the fila-
ment voltage 1o the tube through the two con-
duetors, as shown in Fig. 6-29D. This arrange-
moent does not lend itself well to bandchanging,
however.

@ FREQUENCY MULTIPLIERS
Single-Tube Multiplier

Output at a multiple of the frequency at
whieh it is being driven may be obtained from
an amplifier stage if the output cireuit is tuned
{0 a harmonic of the exeiting frequency instead
of to the fundamental. Thus, when the fre-
quency at the grid is 3.5 Me., output at 7 Me,,
10.5 Me., 14 Me., cte, may be obtained by
tuning the plate tank eircuit to one of these
frequencies. The eireuit otherwise remains the
same as that for a straight amplifier, although
some of the values and operating conditions
may require change for maximum multiplier
efficieney.

Edliciency in a single- or parallel-tube multi-
plier comparable with the effiviency obtainable
when operating the same tube as a straight
amplifier involves decreasing the operating
angle in proportion to the inerease in the order
of frequency multiplication. Obtaining output
comparable with that possible from the same
tube as a straight amplifier involves greatly
inercasing the plate voltage. A practical limit
as to efficiency and output within normal tube
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Frequency Multipliers

ratings is reached when the multiplier is oper-
ated at maximum permissible plate voltage
and maximum permissible grid current. The
plate current should be reduced as necessary
to limit the dissipation to the rated value by
increasing the bias. Iigh cfficiency in multi-
pliers is not often required in practice, since
the purpose is usually served if the frequency
multiplication is obtained without an appreci-
able gain in power in the stage.

Multiplications of four or five sometimes are
used to reach the bands above 28 Me. from a
lower-frequency erystal, but in the majority of
lower-frequency transmitters, multiplication
in a single stage is limited to a faetor of two or
three, because of the rapid decline in practi-
cably obtainable efficiency as the multiplica-
tion factor is increased, Sereen-grid tubes make
the best frequeney multipliers because their
high power-sensitivity makes them easier to
drive properly thau triodes.

Since the input and output cireuits are not
tuned close to the same frequeney, neutraliza-
tion usually will not he required. Instances
may be eneountered with tubes of high trans-
conductance, however, when a doubler will
oscillate in tg.t.p. fashion, requiring neutral-
ization. The link neutralizing svstem of Fig,
6-23A is convenient in such a contingeney.

Push-Push Multipliers

2\ two-tube cireuit which works well at even
harmonies, but not at the fundamental or odd
harmonices, is shown in Fig. 6-30. It is known as

Ly

EOUTPUT

-BIAS tHY

Fig. 6-30—Circuit of o push-push frequency multiplier

for even harmonics.

Cili and Colo—See text,

Cs—Plate bypass—0.001-uf. disk ceramic or mica. Volt-
age rating equal to plate voltage plus sofety
factor.

RFC—2.5-mh. r.f. choke.

the push-push circuit. The grids are connected
in push-pull while the plates are connceted in
parallel, The efficiency of a doubler using this
circuit may approach that of a straight ampli-
fier, because there is a plate-current pulse for
cach cyele of the output frequency.

This arrangement has an advantage in some
applications. If the heater of one tube is turned
off, its grid-plate capacitance, being the same as
that of the remaining tube, scrves to neutralize
the circuit, Thus provision is made for either

straight amplification at the fundamental with
a single tube, or doubling frequeney with two
tubes as desired.

The grid tank cireuit is tuned to the frequency
of the driving stage and should have the same
constants as indieated in Fig. 6-20 for balanced
grid cireuits. The plate tank cireuit is tuned
to an even multiple of the exciting frequency,
and should have the same values as a straight
amplifier for the harmonie frequeney (see Iig,
6-10), bearing in mind that the total plate eurrent
of both tubes determines the € to he used,

Push-Pull Multiplier

A single- or parallel-tube multiplier will defiver
output at either even or odd multiples of the
exciting frequency. A push-pull multiplier does
not work satisfactorily at even multiples beeause
even harmonies are largely eanceled in the out-
put. On the other hand, amplifiers of this type
work well as triplers or at other odd harmonics,
The operating requirements are similar to those
for single-tube multipliers, the plate tank eireuit
being tuned, of course, to the desired odd har-
monic frequency,

@ METERING

Fig. 6-31 shows how a voltmeter and millizm-
meter should be connected to read various volt-
ages and currents. Voltmeters are seldom in-
stalled permanently, sinee their principal use is in
preliminary checking. Also, milliammeters are
not normally installed permanently in all of the
positions shown, Those most often used are the
ones reading grid eurrent and plate eurrent, or
grid current and eathode current.

Milliammeters come in various current ranges,
Current values to be expected ¢an be taken from
the tube tables and the meter ranges selected
accordingly. To take care of normal overloads
and pointer swing, 1 meter having a current
range of about twice the normal current to he
expected should be selected,

Meter Installation

Grid-current meters conneeted as shown in
Fig. 6-31 and meters connected in the eathode
cireuit need no special precantions in mounting
on the transmitter panel so far as safoty is con-
cerned. However, milliammeters having zero-
adjusting screws on the face of the meter should
be recessed behind the pancel so that accidenta
contact with the adjusting screw is not possible,
if the meter is connected in any of the other posi-
tions shown in Fig. 6-31. The meter ean be
mounted on a small subpanel attached to the
front panel with long screws and spacers. The
meter opening should be covered with glass or
celluloid.  Huminated meters  make reading
casier, Reference should also be made to the TV]
chapter of this Handhook in regard to wiring and
shiclding of meters to suppress TVI,

Meter Switching
Milliammeters are expensive items and there-
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@ AMPLIFIER ADJUSTMENT

Isarlier sections in this chapter have
dealt with the design and adjustment
of input (grid) and output (plate)
coupling systems, the stabilitization of
amplifiers, and the methods of obtain-
ing the required clectrode  voltages.
Reference to these seetions should be
made as necessary in following a pro-
cedure of amplifier adjustment.

The objective in the adjustment of
an intermediate amplitier stage is to
seeure adequate excitation to the fol-
lowing stage. In the case of the output
or final amplifier, the objective is to
obtain maximum power output to the
antenna. In both cases, the adjustment
must be consistent with the tube rat-

TO FIXED-BIAS
SOURCE

GRID
CURRENT
)

MA
+

~ MV,

Fig. 6-31—Diagrams showing placement of voltmeter and milliom-

meter to obtain desired measurements. A—Series grid feed, parallel

plate feed and series screen voltage-dropping resistor. B—Parallel
grid feed, series plate feed and screen voltage divider,

fore it is seldom feasible to provide even grid-
current and plate-current meters for all stages.
The exciter stages in a multistage transmitter
often do not require metering after initial adjust-
mients. It is ecommon practice to provide a meter-
switching system by which a single milliammeter
may be switched to read currents in as many
circuits as desired. Such a meter-switehing eireuit
is shown in Fig. 6-32. The resistors, I?, are con-
neeted in the various cireuits in place of the
milliammeters shown in Fig. 6-31. Sinee the re-
sistance of I ix several times the internal resist-
ance of the milliammeter, it will have no prac-
tical effect upon the reading of the meter.

When the meter must read currents of widely
differing values, & meter with a range sufficiently
Jow to accommodate the lowest values of current
to be measured may he seleeted. In the eireuits in
which the eurrent will be above the seale of the
meter, the resistance of /2 can be adjusted to a
lower value which will give the meter reading a
multiplving factor. (Sce chapter on Measure-
ments.) Care should be taken to observe proper
polarity in making the connections between the
resistors and the switeh,
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ings as to voltage, current and dissi-
pating ratings.

Adequate drive to a following ampli-
fier is normally indicated when rated
grid cmrrent in the following stage is
obtained with the stage operating at
rated bias, the stage loaded to rated
plate current, and the driver stage
tuned to resonance. In a final amplifier,
maxinmm output is normally indicated
when the output coupling is adjusted
so that the amplifier tube draws rated

CURRENT

PLATE + ate MITTe ‘he 1 1 0
SCREEN"s plate current when it is tuned to
L R 'CSOnanee,
BLEEDER  resonance ] o
Resonance in the plate circuit is nor-
mally indicated by the dip in plate-

current reading as the plate tank ca-
pacitor is tuned through its range.
When the stage is unloaded, or lightly
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Fig. 6-32—Switching a single milliammeter. The resistors,

R, should be 10 to 20 times the internal resistance of the

meter; 47 ohms will usually be satisfactory. Sy is a 2-

section rotary switch. Its insulation should be ceramic for

high voltages, and an insulating coupling should always be
used between shaft and control.



Amplifier Adjustment

loaded, this dip in plate
current will be quite pro-

nounced. As the loading is /
increased, the dip will
become  less  noticeable.
See Fig. 6-1. However, in J:”‘

the case of a sereen-grid Ny
tube whose sereen is fed (A)
through a series resistor,
maximum output may not
be simultaneous with the
dip in plate current, The
reason for this is that the
screen current varies widely
as  the plate cireuit is
tuned through resonance,
This variation in screcn
current  causes a4 corre-
sponding variation in the
voltage drop aeross the
sereen  resistor.  In this
case,  maximum  output
may oceur at an adjust-
ment that results in an
optimum combination of
scereen voltage and near-
ness to resonance. This
effect will seldom be ob-
served when the screen is
operated from a fixed-
voltage source,

The first step in the adjustment of an amplifier
is to stabilize it, both at the operating fre-
quency by neutralizing it if necessary, and at
parasitic frequeneies by introducing suppression
cireuits,

If “flat” transmission-line coupling is used, the
output end of the line should be matched, as de-
seribed i this chapter for the case where the
amplifier is to feed the grid of a following stage,
or in the transmission-line section if the amplifier
is to feed an antenna system. After proper
mateh has been obtained, all adjustments in
coupling should be made at the inpuf end of the
line.

Until preliminary adjustments of exeitation
have been made, the amplifier should he operated
with filament voltage on and fixed bias, if it is
required, but sereen and plate voltages off. With
the exciter coupled to the amplifier, the coupling
to the driver should be adjusted until the ampli-
fier draws rated grid current, or somewhat above
the rated value, Then a load (the antenna grid
of the following stage, or a dummy load) should
be eoupled to the amplifier.

With screen and plate voltages (preferably ve-
duced) applied, the plate tank capacitor should
he adjusted to resonance as indicated by a dip
in plate current. Then, with full screen and plate
voltages applied, the coupling to the load should
be adjusted until the amplifier draws rated plate
current. Changing the coupling to the load will
usually detune the tank circuit, so that it will be
necessary to readjust for resonance each time a
change in coupling is made. An amplifier should
not be operated with its plate circuit off reso-
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(E) Fig. 6-33—Diogroms showing the
peok voltoge for which the plote
tonk copocitor should be roted for
c.w. operotion with vorious circuit
orrongements, E is equol to the d.c,
plate voltage, The volues should be
doubled for plate modulotion, The
circuit is assumed to be fully
loaded. Circuits A, C and E require
that the tank copacitor be insu-
loted from chossis or ground, ond
from the control.
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nance for any except the briefest necessary time,
since the plate dissipation increases greatly when
the plate circuit is not at resonance, Also, a
screen-grid tube should not be operated without
normal load for any appreciable length of time,
since the screen dissipation increases,

It is normal for the grid current to decrease
when plate voltage is applied, and to decrease
again as the amplifier is loaded more heavily. As
the grid current falls off, the coupling to the
driver should be inereased to maintain the grid
current at its rated value,

@ COMPONENT RATINGS AND
INSTALLATION

Plate Tank-Capacitor Voltage

In sclecting a tank capacitor with a spacing
between plates sufficient to prevent voltage
breakdown, the peak r.f. voltage across a tank
eireuit under load, but without modulation,
may be taken eonservatively as equal to the
d.c. plate voltage. If the d.e. plate voltage also
appears across the tank eapacitor, this must
be added to the peak r.f. voltage, making the
total peak voltage twice the d.c. plate voltage.
If the amplifier is to be plate-modulated, this
last value must be doubled to make it four
times the d.c. plate voltage, because both d.e.
and r.f. voltages double with 100-per-cent
plate modulation. At the higher plate voltages,
it is desirable to ehoose a tank eireuit in which
the d.c. and modulation voltages do not ap-
pear across the tank capacitor, to permit the
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use of a smaller capacitor with less plate spac-
ing. Fig. 6-33 shows the peak voltage, in terms
of d.e. plate voltage, to be expeeted aeross
the tank capacitor in various ecireuit arrange-
ments. These peak-voltage values are given
assuming that the amplifier is loaded to rated
plate enrrent. Without load, the peak r.f. volt-
age will run much higher.

The plate spacing to be used for a given peak
voltage will depend upon the design of the varia-
ble eapacitor, influencing factors being the me-
chanical construetion of the unit, the insulation
used and its placement in respeet to intense
ficlds, and the eapacitor plate shape and degree
of polish. Capacitor manufacturers usually rate
their produets in terms of the peak voltage
hetween plates, Typieal plate spacings are shown
in the following table.

Typical Tank-Capacitor Plate Spacings
Spacing Peak | Spacing  Peak Spacing  Peak
(In.) Voltage (In.) Voltage (In.) Voltage
0.015 1000 0.07 3000 0.175 7000
0.02 1200 0.08 3500 0.25 OO0
0.03 1500 0.125 4500 0.35 11000
0.05 2000 015 HO00 0.5 13000

Plate tank eapacitors should be mounted as
close to the tube as temperature considerations
will permit to make possible the shortest capaci-
tive path from plate to eathode. Kspecially at the
higher frequencies where minimum  eireuit en-
pacitance  becomes important, the capacitor
should be mounted with its stator plates well
spaced from the chassis or other shielding. In
cireuits where the rotor must be insulated from
ground, the eapacitor should be mounted on
ceramic insulators of size commensurate with the
plate voltage involved and — most important of
all, from the viewpoint of safety to the operator
— a well-insulated coupling should be used be-
tween the eapacitor shaft and the dial, T'he section
of the shaft altached lo the dial should be well
grounded. This ean be done conveniently through
the use of panel shaft-bearing units.

Grid Tank Capacitors

In the eireuit of Fig. 6-31, the grid tank ea-
pacitor should have a voltage rating approxi-
mately equal to the biasing voltage plus 20 per
cent of the plate voltage. In the balanced circuit
of 13, the voltage rating of each section of the
capacitor should be this same value.

The grid tank capacitor is preferably mounted
with shielding between it and the tube socket for
isolation purposes. It should, however, be
mounted close to the socket so that a short lead
can be passed through a hole to the socket. The
rotor ground lead or bypass lead should be run
directly to the nearest point on the chassis or
other shiclding. In the circuit of Fig. 6-34A, the
same insulating precautions mentioned in connee-
tion with the plate tank capacitor should be
used.
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Plate Tank Coils

The inductance of a manufactured coil usu-
ally is based upon the highest plate-voltage/
plate-current ratio likely to be used at the
maximum power level for which the coil is de-
signed. Therefore in the majority of cases, the
eapacitance shown by Figs. 6-9 and 6-20 will be
greater than that for which the coil is designed
and turns must be removed if a Q of 10 or more
is needed. At 28 Me., and sometimes 14 Me., the
value of caparcitance shown by the chart for a
high plate-voltage/plate-current ratio may be
lower than that attainable in practice with the
components available. The design of manufue-
tured coils usually takes this into consideration
also and it may be found that values of capaci-
tance greater than those shown (if stray capaci-
tance is included) are required to tune these
coils to the band.

Manufactured coils are rated according to the
plate-power input to the tube or tubes when the
stage is loaded, Since the circulating tank current
is much greater when the amplifier is unloaded,
care should he taken to operate the amplifier
conservatively when unloaded to prevent damage
to the coil as a result of excessive heating.

Tank coils should be mounted at least their
diameter away from shiclding to prevent a
marked loss in Q. lixcept perhaps at 28 Me., it is
not important that the coil be mounted quite
close to the tank eapacitor. Leads up to 6 or 8
inches are permissible. It is more important to
keep the tank eapacitor as well as other compo-
nents out of the immediate field of the coil. For
this reason, it is preferable to mount the coil so
that its axis is parallel to the capacitor shaft,
either alongside the capacitor or above it.

There are many factors that must be taken
into consideration in determining the size of wire
that should be used in winding a tank coil. The
considerations of form factor and wire size that
will produce a coil of minimum loss are often of
less importance in praetice than the coil size that
will fit into available space or that will handle the
required power without excessive heating. This is
particularly true in the case of screen-grid tubes
where the relatively small driving power re-
quired can be casily obtained even if the losses in
the driver are quite high. It may be considered
preferable to take the power loss if the physical



Component Ratings

size of the exciter can be kept down by making
the coils small.

The accompanying table shows typical con-
ductor sizes that are usually found to be adequate
for various power levels. For powers under 25
watts, the minimum wire sizes shown are largely
a matter of obtaining a coil of reasonable Q. So
far as the power is concerned, smaller wire eould
be used.

Wire Sizes tor Transmitting Coils

Power Input (Watts) Band (Mc.) [ Wire Nize
28-21 A
1000 14-7 8
3.5-1.8 10
28-21 8
500 14-7 12
3.5-1.8 14
) 28-21 12
150 14-7 14
3.5-1.8 18
28-21 14
75 14-7 18
3.5-1.8 22
28-21 18
25 or less* 14-7 24
3.5-1.8 28

* Wire size limited principally by consideration of Q.

Spaee-winding the turns invariably will result
in a coil of higher Q, especially at frequencies
above 7 Mec., and a form factor in which the turns
spacing results in a coil length between 1 and 2
times the diameter is usually considered satisfac-
tory. Space winding is especially desirable at the
higher power levels because the heat developed is
dissipated more readily. The power lost in a tank
coil that develops appreciable heat at the higher-
power levels does not usually represent a serious
loss percentagewise. A more serious consequence,
expeeially at the higher frequencies, is that coils
of the popular “air-wound’ type supported on
plastic strips may deform. In this case, it may be
necessary to use wire (or copper tubing) of sufi-
cient size to make the coil self-supporting. Coils
wound on tubular forms of ceramic or mica-filled
hakelite will also stand higher temperatures.

Plate-Blocking and Bypass Capacitors

Plate-blocking capacitors should have low in-
ductance; therefore capacitors of the mica or
ceramic type are preferred. Ior frequencies be-
tween 3.5 and 30 Me., a capacitance of 0.001 is
commonly used. The voltage rating should be 25
to 50% above the plate-supply voltage (twice
this rating for plate modulation).

Small disk ceramice capacitors (approximately
14 inch in diameter) are to be preferred as bypass
capaeitors, since when they are applied correctly
(see TVI ehapter), they are series resonant in the
TV range and therefore are an important measure
in filtering power-supply leads. Capacitors of this

type are rated at 600 to 1000 volts. At higher
voltages, disk ceramies with higher-voltage rat-
ings, or capacitors of the TV “doorknob” type
are recommended. Voltage ratings of bypass ca-
pacitors should be similar to those for blocking
capacitors.

R. F. Chokes

The characteristics of any r.f. choke will
vary with frequency, from characteristics re-
sembling those of a parallel-resonant cireuit,
of high impedance, to those of a series-resonant
circuit, where the impedance is lowest. In be-
tween these extremes, the choke will show vary-
ing amounts of induetive or eapacitive reactance.

In series-feed circuits, these characteristics
are of relatively small importance because, in
a correctly operating circuit, the r.f. voltage
across the choke is negligible. In a parallel-
feed circuit, however, the choke is shunted
across the tank circuit, and is subject to the
full tank r.f. voltage. If the choke does not
present a sufficiently high impedance, enough
power will be absorbed by the choke to cause it
to burn out. With chokes of the usual type,
wound with small wire for compactness, a rela-
tively small amount of power loss in the choke
will cause excessive heating,

To avoid this, the choke must have a suffi-
ciently high reactance to be effective at the lowest
frequency, and yet have no series resonances
near the higher-frequency bands, The design of
a choke that meets requirements over a range as
wide as 3.5 to 30 Me. at the higher voltages is
quite critical.

Universal pie-wound chokes of the “receiver’
type (2.5 mh., 125 ma.) are usually satisfactory
if the plate voltage does not exceed 750, For
higher voltages, a single-layer solenoid-type choke
of correet design has been found satisfactory. The
National type R-175A and Raypar RL-100,
RL-101 and RL-102 are representative manufac-
tured types. An example of a satisfactory home-
made choke for voltages up to at least 3000 con-
sists of 112 turns of No. 26 wire, spaced to a
length of 3% inches on a l-inch ceramie form
(Centralab stand-off insulator, type X3022H). A
ceramic form is advisable from the consideration
of temperature. This choke has only one series
resonance (near 24 Me.), and exhibits an equiva-
lent parallel resistance of 0.25 megohm or more in
all of the amateur bands from 80 through 10.

Since the characteristics of a choke will
be affected by any metal in its field, it should be
checked when mounted in the position in which
it is to be used, or in a temporary set-up simu-
lating the same conditions. The plate end of
the choke should not he connected, but the
power-supply end should be connected directly,
or by-passed, to the chassis. The g.d.o. should
be coupled as close to the ground end of the
choke us possible. Series resonances, indicating
the frequencies of greatest loss, should be checked
with the choke short-¢ircuited with a short piece
of wire. Parallel resonances, indicating frequencies
of least loss are checked with the short removed.
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A Three-Band Oscillator Transmitter for the Novice

The novice transmitter shown in Figs, 6-35-
6-38, inclusive, is casy to build and get working.
It is a erystal-controlled, one-tube  oseillator
capable of running at 30 watts input on the 3.5-,
7, and 21 Me, Noviee bands, A special feature of
the transmitter is a built-in keving monitor which
permits the operator to listen to his own sending.

Regulated voltage is used on the sereen of the
oscillator. This minimizes frequeney shift of the
ozcitlator with keying, which is the cause of chirp.
In addition, a small amount of cathode bias (1)
i used on the oscillator. This also tends to im-
prove the keving characteristies in a eathode-
keyed simple-oscillator transmitter,

Circuit Details

The oscillator cireuit used is the grid-plate
type, and the tube is a GDQGA pentode. The
power output is taken from the plate eireuit of
the tube, On 80 meters, an 80-meter ervstal is
needed. On 40, either 80- or J0-meter ervstals
can be used, although slightly more output will
bhe obtained by using 10-meter erystals. To
operate on 15 meters, a 40-meter ervstal is used.

The tank circuit is a pi network, The plate
tank capacitor is the variable (g, and the tank
induetance is Lalg. Cyis a two-section variable,
approximately 365 wul. per scetion, with the
stators connected together to give a total capaci-
tance of about 730 wuf, This range of capacitance
is adequate for coupling to 50 or 75 ohms on 7
and 21 Me, When operating on 3.5 Me., an addi-
tional 1000 wuf. ((5) is added to furnish the
needed range of eapacitance. Ly and R are essen-
tial for suppressing v.h i, parasitie oseillations,

The keving-monitor eircuit uses a neon bulb
(tvpe NE-2) audio-frequency  oscillator  con-
neeted to the eathode of the 6DQBA at the key
jack, J1. The headphones are plugged into Jy, a
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jack mounted on the back of the transmitter
chassis. Another jack, J3, is used as a terminal
for the leads that go to the headphone jack on
the receiver.

Power Supply

The power supply uses a 5U4G in a full-wave
cireuit, A eapacitor-input filter is used and the
output voltage is approximately 370 volts with
a cathode current of 90 milliamperes. A 0-150
milliammeter reads eathode current. The sereen
and grid currents are approximately -+ ma. when
the oscillator is loaded.

Construction

All of the components, including the power
supply, are mounted on a 2 X 7 X 13-inch
aluminum chassis that is in turn enclosed in a
7 X % X 13-inch aluminum box, (Premier AC-
1597). One of the removable covers of the hox is
used as the front panel, as shown in Pig. 6-35.
The box has a Vé-inch lip around hoth openings,
so the bottom edge of the chassis should bhe
placed one ineh from the bottom of the panel.
The sides of the chassis are also one ineh from
the sides of the panel. The chassis is held to the
panel by Se, J), and the mounting screws for
the erystal socket, so bhoth the front edge of the
chassis and the panel must be drilled alike for
these components. 8, at the left in the front
view, is one inch from the edge of the chassis
(that is, two inches from the edge of the panel)
and centered vertically on the chassis edge. Thus
it is one ineh from the bottom of the chassis
edge and two inches from the bottom edge of the
panel. The hole for Jy is centered on the chassis
cdge and the holes for the erystal socket are
drilled at the right-hand end of the chassis to cor-
respond with the position of Sy at the left,

Fig. 6-35—This 30-watt three-band Nov-
ice transmitter is enclosed ina 7 X 9 X
15-inch aluminum box. A group of Y4-inch-
diometer holes should be drilled in the top
of the box over the oscillator tube, as
shown, to provide ventilation. A similar set
of holes should be drilled in the back cover
behind the oscillator circuit.
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Fig. 6-36—Circvit diagram of the three-band transmitter. Unless otherwise specified, capacitances are in uuf. Resistances

are in ohms (K= 1000).

C1—3-30-uuf. trimmer.

C2—100-uuf. mica.

Cs, Co, Cio, Ci1, C15, C1o—0.001 -f. disk ceramic.

Ci, C5—0.001-uf. 1600-volt disk ceramic.

Ce—365-uuf. variable capacitor, single section, broad-
cast-replacement type.

C7—0.001-uf. 600-volt mica.

Cs—365-uuf. variable capacitor, dual section, broadcost-
replacement type.

C12—500-uuf. mica or ceramic.

C13—0.01-uf. disk ceramic.

Ci4—8/8-uf. 450-volt dual electrolytic capacitor.

J1, J2—Open-circuit phone jack.

Ja—Phono jack, RCA type.

Ji—Coaxial chassis connector, SO-239.

Li—10 turns No. 18 wire space-wound on R..

There is nothing eritical about the placement
of the meter or the shafts for (s, Cs and S;. As
shown in Fig. 6-38, Cg is mounted directly above
J1 and approximately two inches from the top
of the panel. Cg similarly is above the erystal
socket and on the same horizontal line as Cs.
St is about at the middle of the square formed by
these four components.

The holes on the rear edge of the classis for
the couxial connector Jy, phone juck Ja, receiver
connector J3, and for the a.c. cord are drilled
at the same height as those on the front edge.
Access holes should be cut in the rear cover of
the box at the corresponding positions; these
holes may be lurge enough to clear the com-
ponents, but not larger than is necessary for
this purpose. The cover fits tightly against the
rear edge of the chassis and thus maintains the
shiclding for preventing radiation of harmonics

L.-—6 turns No. 16 wire, 8 turns per inch, 1% inches diam.
(B & W 3018).

L3—23 turns No. 16 wire, 8 turns per inch, 1Y% inches diam.
(B & W 3018). The 7-Mc. tap is 18 turns from the
function of L2 and La.

L—8-h. 150-ma. filter choke (Thordarson 20C54).

M1 —0-150 ma. (Shurite 950),

Ri~Rx inc.—As specified.

RFCi, RFC2, RFC3—2.5-mh, r.f. choke (National R-50 or
or similar).

S1—Single-pole 3-position switch (Centralab 1461).

S2—Single-pole single-throw toggle switch.

Ti—Power transformer: 360-0-360 volts, 120 ma.; 6.3
volts, 3.5 amp.; 5 volts, 3 amp (Stancor PM-
8410).

Y1—Crystal (see text).

in the television bands. However, it is advisable
to fusten the cover to the chassis edge with a few
sheet-metal screws, in order to insure good elee-
trical contact.

There are several different types of broadeast-
replacement variable capacitors on the market.
Some of these have holes tapped in the front of
the frame, and this type can be mounted directly
ou the panel using machine serews and spacers.
Others have mounting holes only in the bottom.
In this case, the capacitor can be mouuted on a
pair of L-shaped brackets made from strips of
aluminum,

Both Ly and Lg are supported by their leads.
One end of Lz is connected to the stator of €'y
and the other end is connected to a junction on
top of a one-inch-long steatite stand-off insulator.
L3 has one end connected to the stator of (g and
thie other end to one of the terminals on 8;.
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The voltage-dividing network consisting  of
126 and R7 provides the correct voltage for oper-
ating the keving monitor, Rg is 1.65 megohms, a
value obtained by using two 3.3-megohm l-watt
resistors in parallel. These resistors and other
small components may be mounted on standard
hakelite tie points.

Adjustment and Testing

When the unit is ready for testing, a 15- or
25-watt clectrie light will serve as a dunmmy load.
One side of the lamp should be connected to the
output lead and the other side to chassis ground.
A ervstal appropriate for the band to be used
should be plugged into the erystal socket, and a
key connected to the key jack. S, should beset
to the proper band. S» may then be closed and
the transmitter allowed to warm up.

Set Oy at maximum eapacitance (plates com-
pletely meshed) and elose the key. Quickly tune
(s to resonance, as indicated by a dip in the
cathode-current reading. Gradually decrease the
capacitance of (g, while retouching the tuning
of (g us the loading increases, Inereased loading
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Fig. 6-37—Rear view of the transmitter
showing the placement of components
above chassis. The loading capacitor, Cs,
is at the left, L. is the vertical coil and 1>
the horizontal one. Rubber grommets are
used to prevent chafing and to furnish
additional insulation on the leads coming
from below chassis.

will be indicated by inercasing lamp brightness
and by larger values of cathode current. Tune for
naximum lamp brillianee, The eathode eurrent
should read between 90 and 100 milliamperes
when the oscillator is fully loaded.

(1 should be adjusted for the best keying
characteristics consistent with reasonably good
power output. It is not advisable to attemipt to
adjust ("} with a lamp dummy load, since the
lamp resistance will change during the heating
and cooling that take place during keving, and
this will atfect the keving characteristie of the
oscillator. Use a regular anteuna, with or without
an antenna coupler or matching network as the
antenna system may require, and listen to the
keving on the station receiver. Remove the
antenna from the receiver to prevent overloading,
and adjust the r.f. gain control for a signal level
comparable with that at which signals on that
band are normally heard. Further details on
checking keving will be found in the chapter on
keving and break-in.

(Originally  described  in
1957.)

QST

December,

Fig. 6-38—Below-chassis view. Power-
supply components are mounted in the
left-hand side and the oscillator sec-
tion is at the right-hand side. Mounted
on the back wall of the chassis is the
keying monitor. Although not visible in
this view, the monitor components are
mounted on o four-terminal tie point.



50-Watt Transmitter

A One-Tube 50-Watt Transmitter

The transmitter shown in Figs. 6-39 and 6-11 is
similar in some respecets to the one deseribed pre-
viously. However, it demonstrates a different
type of construction and will handle more power.
For simplicity. operation is confined to two bands
— 80 and 40 meters.

The cirewt 1s shown in Fig. 6-40. The single
6146 is used in a Colpitts-type erystal-oscillator
circuit, The dial lamp [/ serves as an indicator
of r.f. ervstal current and will also act as a fuse in
ease the ervstal current becomes suflicient to
endanger the ervstal. (A ervstal will fracture if
the current through the erystal is sufficient to
cause exeessive heating.)

The output cireuit, consisting of (s, Ly and
'y, 1s a pi network designed to feed a low-im-
pedance (50-75-ohm) load. The band switeh S
shorts out a portion of the coil for 40-meter
operation and adds Cj in parallel with ¢’y for
80-meter output,

One of the functions of the r.f. choke BRI’y is
that of a safety device, Should the 1000-uuf.
1200-volt blocking capacitor break down, high
voltage would be fed to the antenna or trans-
mission  line — a dangerous situation for the
operator. The choke provides a d.c. short to
ground should this occur, although it has no
effeet on the normal operation of the transmitter.
The choke also makes it possible to use capacitors
with a lower break-down voltage rating at ('p
and (g,

The meter My and the key are in the cathode
cireuit, Sereen voltage is obtained from a voltage
divider consisting of Ky and s, Ry consists of

three 33,000-ohm 1-watt resistors connected in
parallel, and Rz is two 100,000-ohm resistors in
parallel. If desired, 10,000-ohm and 50,000-0chm
10-watt resistors can be used instead.

Power Supply

A power supply delivering approximately 400
volts is included. The supply uses a 5U4GA or
SIRAGY rectifier and a eapacitive-input filter,
The 100,000-ohm bleeder resistanee across the
output of the supply (shown in Fig. 6-40 as 1001
5 watts) is made up of three 33,000-ohm, 2-watt
resistors in series.

Construction

The transmitter is huilt on a 7 X 11 X 3-inch
aluminum chassis. The meter requires a 2-inch
hole, and the two tube sockets (Amphenol type
MIP) take 1lg-inch boles. The power trans-
former is mounted in the left rear corner of the
chassis with the rectifier tube alongside, The
erystal socket and G146 tube are placed eclose
together in front of the transformer, The lamp [y
is mounted in a Yg-inch rubber grommet set in
the chassis close to the eryvstal socket. Connee-
tions to the lamp are made by soldering direetly
to its terminals.

On the front wall of the chassis, the power
switch and key jack are mounted at the left-hand
end. On the other side of the meter are the plate
tank capacitor 'y, the band switeh and the output
capacitor (4.

On the under side of the chassis, the filter
choke is fastened against one end wall, and the

Fig. 6-39 —This view of the 50-watter shows the panel arrangement and layout of the
components above chassis. The crystal is between the 6146 and dial-light grommet.
Behind the 6146 is the power transformer and to its right is the rectifier tube.
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Fig. 6-40—Circuit diagram of the Novice-50 watter. Unless otherwise specified, capacitances are in uuf. Capacitors
marked with polarity are electrolytic. Capacitors not otherwise identified are disk ceramic.

C1—470-upuf. mica capacitor.

Ca—250-uuf. variable capacitor
250M).

C3—680-uuf. mica capacitor.

C1—365-uuf.-per-section dual variable capacitor, broad-
cast-replacement type, sections connected in
paralle! (Allied Radio 60H725).

ii—Dial lamp, 2 volts, 60 ma., No. 48 or 49.

Ji—Key jack, open-circuit.

J2—RCA type phono jack.

Li—35 turns No. 20, 1V-inch diam., 16 t.p.i., tapped 15
turns from the Cs end (B & W No. 3019).

(Hammarlund MC-

filter capacitors are against the rear wall, sup-
ported at the positive cnd by an insulated
terminal strip, and at the negative end by solder-
ing to the grounded terminal of the phono jack
used as an output connector.

The coil Iy is suspended by its leads between
the stator terminals of the tank capacitor Cq
and the output or loading capacitor Cy.

On the 6146 socket, the three cathode prongs,
Nos. I, 4 and 6, should be connected together
and the leads from 'y, and RFC5 should be sol-
dered to any of the three prongs.

On 8;, the center terminal connects to the
stators of (4. The 40-meter tap from Ly goes to
one outside terminal on Sy, and the mica eapacitor
('3 goes to the other terminal.

Operation

After completing the wiring, check all con-
nections to make sure you haven’t made a mis-
take. When you feel you arc ready to try the
transmitter, plug in the key, an 80-meter crystal,
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Le—9-hy. 125-ma. filter choke (Triad C-10X or equiv.).

M;—2V4-inch square (Shurite 850).

Ri—11,000 chms 3 watts. (See text.)

R2— 50,000 ohms, 2 watts. (See text.)

RFC., RFC:, RFCs—1-mh. r.f. choke (National R-50,
Millen 34300-1000).

RFC4—2.5-mh. r.f. choke (National R-100S).

S1—1-pole 2-position switch {Centralab No. 1460).

S2—Single-pole single-throw toggle switch.

T1—750 volts, c.t.,, 150 ma., 5 volts 3 amp., 6.3 volts,
4.5 amp, (Stancor PC-8411 or equiv.).

the line cord, and turn the power on, Leave the
key open until the 6146 warms up. A 40-watt light
bulb makes a good load for testing the trans-
mitter, the threaded portion connecting to the
chassis ground and the base pin to the output
lead.

Switch 8; to the 80-meter position and set (‘g
at maximum capacitance (plates fully meshed).
Close the key and tune (' for a “dip” in meter
reading. Once vou've resonated the tank circuit
by tuning (‘s to a dip, you may or may not
find that the lamp lights. Also, the meter read-
ing at the dip will probably be only 20 or 30 ma.
By decreasing the capacitance of C4 and re-
dipping with C2 you’ll find that the lamp will
get brighter and the loading heavier, as indicated
by an increasing meter reading at the dip point.
Be careful not to hold the key down any longer
than necessary with the 6146 out of resonance
as the tube is casily damaged during such opera-
tion. Increase the loading until the meter reads
100 to 125 ma. at the dip. This will be an input



50-Watt Transmitter

Fig. 6-41 —This view shows the arrangement of the components below chassis. At the far right,
mounted against the side of the chassis, is L2, the power-supply choke. The filter capacitors are
mounted along the back wall. At the lower left is Cy, the output capacitor. The other variable isCo.

ol approximately 50 watts, and the dummy load
should be fairly bright. Under these conditions
vou should have approximately 100 volts on the
plate of the 6146 and roughly 150 volts on the
sereet. Use an 80-meter erystal for 80-meter oper-
ation and a 40-meter one for 40. 1t is possible
to use an 80-meter crystal for 40-meter work, but
the oscillator will be operating as a frequency
doubler and the output is less than when operat-
ing straight through at the erystal frequency.

Antennas

Antenna systems of any of the types disenssed
in the antenna chapter of this Handbook may be
used with the transmitter, provided it is appro-
priate for the bands to be used. Two simple types
of antenna are shown in the sketeh of Fig, 6-42.
Iach will work on hath of the two bands covered
by the transmitter. The antenna shown in Fig.

oo FT o6 FT

" a3FT, 33er”

RG -59/U

OR 72-0HM
TWIN LEAD

Q)

Fig. 6-42—Sketch of simple antennas described in the
text. A shows a parallel-dipole system. The system of B
requires a ground connection.

6-42A consists of two dipoles, one for 80 meters
and one for 40 meters, connected in parallel at the
center where the feed line is attached. The an-
tenna can be made of 300-chm television ribbon
line. First mecasure off two sections of ribbon
each 66 ft. long. Then at the eenter of each sce-
tion eut one of the two wires in the ribbon. Peel off
one of the two 33-ft. sections of wire. Then con-
neet the remaining 33-ft. wire and the 66-ft.
seetion of the other conductor together as shown
in the sketeh. Repeat the same operation with
the other 66-ft. section of ribbon line and attach
an insulator between the two sections. The feed
line should be connceted across the insulator as
shown.

The antenna shown in Fig. 6-42B is similar in
prineiple, except that the antennas are quarter-
wave systems. This antenna is syitable if a good
ground connection, such as a water pipe, is avail-
able within a few feet of the base of the antenna.
The antenna is constructed in a manner similar to
that deseribed previously for the half-wave sys-
tem. The antenna may be run vertically or run
slanting to a tree or other support. If neeessary,
the first portion of it may be run vertically and
the remainder horizontally.

The system of Fig. 6-42A should be fed with
72-ohm ecoax or ribbon line. The system of Fig.
6-142 should be fed with 52-ohm eoaxial line.

To avoid possible second-harmonic radiation,
particularly wlhen operating in the 80-meter
Noviee band, an antenna tuner, such as the one
described in QST for August, 1958, is recom-
mended.

(Originally described in QST for December,
1958.)
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6 —HIGH-FREQUENCY TRANSMITTERS
A 75-Watt 6DQ5 Transmitter

The transmitter shown in Fig. 6-43 is designed
to satisfy the requiremients of either a Novice
or General class licensee. As deseribed here it is
capable of running the full 75 watts limit in the
80-, 40- and I5-meter Noviee bands, with bhand-
switching, ervstal switching and other operating
features. The General license holder can use the
transmitter in any band 80 through 10 meters,
and he ean add v.f.o. control or amplitude modu-
lation at any time without modifying the 6DQ5
transmitter. Crystal switching is a convenience
for rapidly shifting frequeney within a band to
dodge QRM, and a spot position on the operate
switeh permits identifyving one's frequeney rela-
tive to others in a band. An aceessory socket, X3,
furnishes a convenient point for borrowing power
for a v.f.0. or for controlling the oscillator by an
external switeh.

Referring to Fig. 6-44, the cireuit diagram of
the transmitter, the erystal seleetor switeh, Sy,
is used 1o choose the desired erystal. For erystal-
controlled operation ervstals would he plugged
in pins 1 and 3 and 5 and 7 of socket Xy, Similar
sockets (not shown in the diagram) are used to
lold the other ervstals, When v.f.o. operation is
desired, the v.f.o. output is connceted to Jy,
the plug Py is inserted in socket X1, and the
former 6AGT eryvstal oscillator stage becomes an
amplifier or multiplier stage when switeh Sy is
turned to position 1.

Sincee the output of the 6AGT stage will vary
considerably with the bands in use, an exeitation
control, Iy, ix included to allow for proper adjust-
ment of the drive to the 61DQ5 amplifier. The
6105, a highly sensitive tube, is neutralized to
avoid oscillation: the small variable capacitor Ca
and the 390-puf. mica capacitor form the neutral-
izing eireuit. Sercen or sereen and plate modula-
tion power can be introduced at socket Xo: for
radiotelegraph operation these connections are

completed by Pa. Grid or plate current of the
61)Q5 can be read by proper positioning of Ss:
the 0—15 milliammeter reads 0-15 ma. in the grid-
eurrent position and 0-300 ma. in the plate-
current position.

The transmitter is keyed at J3, and a key-
cliek filter (100-ohm resistor and () is included
to give substantially click-free keying. The v.f.0.
jack, Jq, allows a v.f.0. to be keyed along with the
transmitter for full break-in operation.

Construction

A 10 X 17 X 3-inch aluminum chassis is used
as the base of the transmitter, with a standarl
834-inch aluminum relay rack panel held in
place by the bushings of the pilot light, excitation
control and other components common to the
chassis and panel. The panel was cut down to
17 inches in length so that the unit would take a
minimum of room on the operating table. A
good idea of the relative location of the parts
ean be obtained from the photographs. The sup-
port for the r.f. portion housing is made by fasten-
ing strips of l-inch aluminum angle stoek (Rey-
nolds aluminum, available in many  hardware
stores) to the panel and to a sheet of aluminum
914 inches long that is held to the rear chassis
apron by serews and the key jack, Jy. A picee of
aluminum angle must also be cut to mount on
the chassis and hold the canc-metal (Reynolds
aluminum) housing. Fig. 6-15 shows the three
clearance holes for the screws that hold this latter
angle to the chassis after the cane metal is in
place. Build the can-metal housing as though the
holes weren’t there and the box has to hold
water: this will minimize eleetrieal leakage and
the chances for TVI. To insure good eleetrieal
contact between panel and angle stock, remove
the paint where necessary by heavy applieations
of varnish remover, with the rest of the panel

Fig. 6-43 — This 75-watt crystal-con-
trolled transmitter has provision for the
addition of v.f.0. control. A 6AG7 oscil-
lator drives a 6DQ5 amplifier on 80
through 15 meters.

As a precaution against electrical
shock, the meter switch, to the immediate
right of the meter, is protected by o
cane-metal housing. The switch to the
right of the meter switch handles the
spot-operate function, and the switch at
the far top right is the plate-circuit
band switch,

Along the bottom, from left to right:
pilot light, excitation control, crystal
switch, grid circuit band switch, and
grid circuit tuning.
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Fig. 6-44—Circvit diagram of the 75-watt 6DQ5 trans-
mitter. Unless specified otherwise, capacitance is in puf.
resistance is in ohms, resistors are V2 watt.

Ci—100-upuf. midget variable (Hammarlund HF-100).

C2—15-uufd. midget variable, .025 inch spacing {Johnson
15012).

C3—325-uuf. variable (Hammarlund MC-325-M).

Cs—Dual 450-puuf. broadeast replacement variable, two
sections connected in parallel.

Cs—1-uf. 400-volt tubular.

Ce, C2—16-uf. 700-volt electrolytic (Aerovox PRS).

li—6-volt pilot lamp.

J1—Phono jack.

J2—Coaxial connector, chassis mounting, type $O-239,

J3,J4—Open-circuit phone jack.

L—7% t. No. 18, % inch diam., 8 t.p.i., tapped 5%z

,

turns from grid end (B&W 3006).

L:—38 t. No. 32, 1 inch diam., 32 t.p.i,, tapped 23 and
31 turns up (B&W 3016).

Ls—S5 turns No. 14, 1.inch diam., 4 t.p.i., self-supporting,
tapped 3%z turns from plate end.

Li—15 turns No. 14, 1% inch diam., 4 t.p.i., tapped 6%
and 10% from output end (B&W 3021).

Ls—10-henry 200-ma. filter choke (Triad C-16A).

P;—Octal plug (Amphenol 86-PM8).

P2—4-pin plug (Amphenol 86-PM4).

P3—Fused line plug.

R1—25,000-0hm
M25MPK).

RFCi, RFC;—750-uh. 100-ma. r.f. choke (National R-33).

RFC3—3 turns No. 14 around 68-ohm 1.watt composition
resistor.

4-watt  potentiometer  (Mallory

o~ ———nq
Socoocad

Pred

RFC4—1-mh. r.f. choke, 500 ma. (Johnson 102-752).

RFC;—2.5-mh. r.f. choke (National R-1008).

Si—1-pole 11-position rotary ceramic switch (Centralab
Y section on P-121 index assembly).

Sz—Single-pole 11-position (3 used) non-shorting rotary
switch (Centralab PA-1001).

Su—Single-pole 12-position (5 used) rotary ceramic
switch (Centralab PA-1 on PA-301 index assem-
bly).

S5 — 2-pole 5-position rotary ceramic switch (Centralab
2505).

S5—S.p.s.t. toggle.

T1—800 v.c.t. 200-ma. power transformer {Triad R-21A).

X1—Octal tube socket.

X2—4-pin tube socket.

X:— 5-pin tube socket.

I TwISUDI] WOM-G/ Y



6 —HIGH-FREQUENCY TRANSMITTERS

masked off, The paint will blister and be easy
to remove; wash the panel and then drill the
holes for the components and serews. (1f the holes
are drilled first, the varnish remover may leak
through and spoil the paint on the front of the
panel.)

I'rom a suitable piece of cane metal, make the
four-sided 214 X 214 X 2Y-inch box that cov-
ers S, and fasten it to the utility-box cover with
sheet-metal serews. Don’t forget Jy on the side
of the box.

The scli-supporting eoil, Ly, ean he wound on
the envelope of the 6AGT and then pulled apart
to give the correet winding length.

Installation of the eleetrical components should
present no problems. To insulate it from the
chassis, capacitor 'y is mounted on a small
ceramie  cone insulator  (Johnson 135-500 or
National G8-10). The socket for the 6DQ5
is mounted above the chassis on o pair of 34-
inch sleeves, with a large clearanee hole under the
socket for the several leads running from under
the chassis. Cathode and sereen bypass eapacitors
for the 6DQ5 conneet to the chassis at soldering
lugs under the sleeves.

Taps on Ly are readily made by first pushing
the wire on either side of the desired turn toward
the center of the eoll.

Note that shielded wire is used for many of the
power leads: this is done to minimize the chances
for stray radiation and it also contributes to
the stability of the transmitter. Don’t negleet it.

SRS

Adjustment

When the wiring is completed and checked, dis-
able the amplifier stage by removing /%, plug in
Py and turn on Sz, The tube heaters and filaments
should light up. If a voltmeter is available and
connected across (g, it should indicate over 500
volts, Later on, with full loading, the plate voltage
will run around 400.

With S; switched to an 80-meter erystal, Sz
switched to 80 or 10 and S; switched to Grip,
flip S» to spot and tune € through its range.
If the ervstal is oscillating the meter should give
an indication at some setting of ;. The grid
current reading should vary with the setting of
C'y (maximum at resonanee) and with the setting
of £} (maximum with arm at 20K end). If a key
is plugged in at J3 and Ss is set to opER, the grid
current should appear only when the key ix
closed. Listen to the signal on a receiver (no
antenna); if the signal is ehirpy try adjusting the
3-30 puf. compression trimmer between grid
and cathode of the BAGT,

With a 10-meter ervstal switched in, check
for grid current at 14 and 21 Me., by switching
83 to the desired band and tuning with C1. These
settings should be checked with an absorption-
type wavemeter, sinee it is possible in some eases
to find more than one harmonie in the range of
C'y. The 28-Me. range can also be checked, but
the 4th harmonic of the 7-Me. erystal will yicld
only about 1 ma. of grid current.

Next cheek the neatralization on the 15-meter

Fig. 6-45 — Top view of the 6DQS transmitter with cane-metal cover removed. A
3 X 4 X 5-inch utility box {upper right} serves as a shield for the crystals; the cane-
metal protection for the meter switch is fastened to the box cover. Phono jack mounted
on the meter-side of the box receives v.f.0. output; short length of Twin-Lead from this
jack to octal plug brings v.f.o. output to crystal socket.

For protection against high voltage, meter terminals are covered by ceramic tube

plate caps

180

{Millen 36001).



A 75-Watt Transmitter

Fig. 6-46 — Group of six octal sockets (upper left) serves as crystal sockets. Socket at center

of chassis holds 6AG7 oscillator tube; the 3—30-uuf. mica compression trimmer mounted along-

side is excitation control for oscillator stage. Small midget capacitor above coil is neutralizing

capacitor adjusted from above chassis; this capacitor and grid tuning capacitor to right must
te insvlated from chassis.

band. With 21-Me. grid current indicating, switceh
Seto 15, set Cyat half scale, and swing (3 through
its range. Wateh closely for a flicker in grid cur-
rent. [f one is observed, try a different setting of
s, Work carefully until the Hicker i & minimum,
A more sensitive indieation  of neutralization
can be obtained by using a germanizm diode and
a 01 milliimmeter in the output at Ja: adjust Cy
for minimum meter indication, 11 wsing this
sensitive test, it is wise to start out with 12y
set at half range or less; until it has heen deter-
mined that the meter will not swing off seale.
Under no circumstances use this tess with /%
in place; the 6DQ5 output is quite likely to
destroy the ervstal diode.

When the amplifier has heen neutralized, con-
neet a dummy Joad (a 60-watt lamp will do)
at Ja and replace Pa. Set S; to rrave and send
a few dots as (5 ix tuned through its range. At
resonance the lamp should light up and the plate
current should dip. The plate current ean be
made to increase, along with the lamp brillianee,
by decreasing the capacitance at Cy. The 6DQ5
plate current ean be run up to 180 ma. (Y ma.
on the meter) for Novice work; the grid current
should be held at 2 to 4 ma, Crystals in the 3.5-

to 4.0-Me. range should be used for 80- and 10-
meter operation. and 7-Me, ervstals should he
used on 40, 20 and 15 meters. For 0-meter
operation, it is recommended that a v.f.o. with
20-meter output be used to drive the 6AGT:
trving to drive the 6DQ35 with the 4th harmonie
of a 7-Me. eryvstal is too marginal for all but the
most experienced operators, With v.f.o. control,
always frequeney multipty  (double or  triple)
in the 6AGT stage to the desired band.,

Beeause the 61)Q5 is eapable of drnwing high
values of plate current when not tuned properly,
it will pay to tuke care in learning how to adjust
the transmitter. Onece the controls have been
“ealibrated” and the approximate settings for
cach band become known. it should no longer
be necessary to tune up with the * series-of-dots"’
technique mentioned  above. However, in the
carly stages of fumiliarizition with the trans-
mitter, the dots, or a fast hand on the key, may
save a tube or power supply. The fact that the
6DQS can draw such heavy currents at low plate
voltages makes it an excellent tube for an effee-
tive inexpensive transmitzer, but the tube is
not as tolerant of careless tuning habits as are
some other tubes,
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6 —HIGH-FREQUENCY TRANSMITTERS
A 90-Watt All-Purpose Amplifier

The amplifier shown in Figs. 6-47 through
6-50 will serve as a Class-AB; linear amplifier
or as a Class-C power amplifier with no changes
other than the proper adjustment of excitation
and loading. To accomplish thix, a stabilized
bins supply provides proper Class-AB, bias: the
hias inereases to the correet value for Class-C
operation when the excitation is brought up to
the point that vields normal grid current. A stabi-
lized screen supply is included to insure good
linear operation.

Referring to the amplifier circuit in Fig, 6-14,
excitation on the desired band is introdueed at
Ji. The grid circuit is a commercial assembly,
71, that ean be switehed to the correet band by
Sy and tuned by (1. A pi-network coupler is used
in the output, switched by S and tuned by .
Proper loading is obtained by adjustment of €'y
to provide sufficient output capacitance in the
8O0-meter band an additional 680 uf. is added.
A neutralizing cireuit, C2 and a 680-puf. capacitor,
adds to the fundamental stability at the higher
frequencies. Parasitie suppressors were found to
he necessary in the grid and plate eireuits,

Overload proteetion is provided by a 250-ma.
fuse in the ecathode cireuit. The grid, plate or
sereen current ean be metered by a suitable
setting of Sy with the resistances shown the
meter provides a fullseale reading of 5 ma. on
grid current, 25 ma. on sereen current, and 250
ma. on plate current.

If it is desired to plate- or sereen-modulate the
amplifier for a.m. operation, the necessary audio
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Fig. 6-47 —Front view of the 6146 all-purpose amplifier
The upper panel is part of an 8 X 6 X 3':-inch Minibox
(Bud CU-2109); the ventilated shielding of Reynolds
Aluminum cane metal is fastened to the Minibox and base
with sheet-metal screws.

Plate-circuit tuning controls and switch are mounted on
the Minibox, and the grid-circuit cantrols, power switches
and meter are mounted on the end of the 8 X 12 X 3-
inch aluminum chassis that serves as a base.

power can be introduced at Ja.

The power-supply cireuit is shown separately
(Fig. 6-31) for convenienee only, sinee the ampli-
fier and power supply are all built on the same
8 X 12 X 3-inch chassis. High voltage
for the plate of the G146 is provided by
a bridge reetifier using a S3US-GB and
two 6DISE reetifiers stabilized sereen
voltage is obtained from  the same
supply and two voltage-regulator tubes.

Fig. 6-48—Rear view of the 90-watt a'l-
purpose amplifier with the cane-metal cover
removed. One voltage-regulator tube has
been removed from its socket (right edge of
transformer) to allow the neutralizing capaci-
tor and plate blocking capacitor to be seen.
The plate r.f. choke (RFC: in Fig. 6-49) is
mounted on one side wall, and the load capac-
itor and safety choke (Ci and RFCs in Fig.
6-49) are mounted on the far side wall.

The rear apron of the chassis {foreground)
carries the input and output coaxial-connector
jacks, the 6146 cathode fuse, and the socket
for the a.m. modulator connections. A shorting
plug is shown in the socket.
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10x * 5%

TW. 100

CoM

C1—140-puf. midget variable (Hammarlund APC-140-B),

C2—10-uuf. midget variable (Hammarlund HF-15X with
one stator plate removed).

C3—250-uuf. variable (Hammarlund MC-250M).

Cs—730-uuf. variable (Broadcast receiver replacement,
365 uul. each section, connected in parallel),

CR1—20-ma. 130-volt selenium rectifier.

J1, J2—Coaxial cable connector, SO-239,

Ja—4-pin tube socket.

Li—3% turns No. 18 at grid end of Lz, tapped 2 turns
from ground end.

L2—50 turns No. 24, 1% inches long on ¥%-inch diameter
threaded ceramic form. Tapped at 5, 8, 13 and
25 turns from grid end.

L3—4Y turns No. 14, 1% diam., % inch long.

Ls—18 turns No. 16, 2-inch diameter, 10 t.p.i. Tapped at
1%, 5% and 11% turns from plate end. (B&W
3907-1).

o
+180

+700

Fig. 6-49—Circuit diagram of the all-purpose amplifier and its bias supply. Unless otherwise indicated, resistors are Y2 watt.

Pi—4-prong plug, with jumper connections as shown.

RFCi—2.5-mh. 100-ma. r.f. choke (National R-50).

RFC2—5 turns No. 16 wire, wound on 100-ohm 1-watt
resistor.

RFC3—1-mh. 500-ma. r.f. choke {Johnson 102-752),

RFC4—2.5-mh. 125-ma. r.f. choke (National R-1008).

S1—2-pole 6-position {5 used) miniature ceramic switch
(Centralab PA-2002).

S2—1-pole 6-position (5 used) ceramic switch (Centralab
2501)

S3—2-pole 6-position (5 used) non-shorting miniature
ceramic switch, (Centralab PA-2003). Alternate
contacts used only, to increase voltage rating.

S:—S.p.s.t. toggle switch.

Ti—6.3-volt filament transformer (Stancor P-6134),

Z,, comprising C1, L1, L2 and S; is Harrington Electronics

GP-20 unit. Capacitors showing polarity are electrolytic;

680-uuf. capacitors are silver mica, .001-uf. are ceramic.
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6 - HIGH-FREQUENCY TRANSMITTERS

a pieee of it to form the cover. Make the cover
with lips on the vertical portion that slip tightly
over the sides of the Minibox, and with a bend
at the bottom that can be fastened to the chassis.
Another piecce of cane metal should be cut to
serve as abottom cover: mounting the chassis on
rubber feet lifts it above the table and permits
good air eireulation through the unit,

The self-supported induetor Ly can be wound
on the envelope of one of the 61y rectifiers,
removed and pulled apart stightly to give the
specificd winding length, The taps on Ly are
mude by first hending inward the wire on either
side of the turn to be tapped, then looping the
tap wire around the turn and soldering it securely
in place. Both Ly and Ly are supported only by
their leads.

Testing and Adjustment

With all tubes in their sockets except the 6116,
the line cord should be plugged in and the power
switeh turned on. The bias-supply 0.3 should
glow immediately and the reetifier filunent and
heaters should light up. The sereen-supply regu-
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lators should glow. If a voltmeter is available, the
high-voltage supply should show first around 400
volts, and then rise slowly to about 930 volts.
Switch off the power; the plate supply voltage
should decay to less than 100 in under 20 seconds,
indicating that the 40,000-ohm resistors are
“bleeding” the supply. Note also how long it
takes for the voltage to reach a value of only a
few volts: this will demonstrate forcefully how
long it takes to discharge a high-capacitance
filter.

When the power supply has discharged, plug in
the 6146, conneet the plate cap, and =et Sy to
STAND BY. Set the neutralizing  capacitor 'y ut
half eapacitance and the band switches on 80
meters. Turn on the power and set the meter
switch, 83, to read plate current. The G146
heater should warm up. Now flip Sy to operate;
the meter should read 10-20 ma. (.2-4 on the
scale). Switehing to read sereen current, the
meter should show under 1 ma. (2 divisions on
the meter). There should be no grid eurrent.

Turn off the power and remove the three
rectifier tubes. Connect at Jy the driver or exeita-

Fig. 6-50—Bottom view of the
all-purpose  amplifier. The
150-ma. filter choke is mounted
on the left-hand wall; the
smaller filter choke, the small
filament transformer (T; in Fig.
6-51) and the selenium rectifier
are mounted on the right-hand
wall. The strap of aluminum,
visible below the meter at the
top right, pravides additional
support for the length of
RF-58 /U cable that runs to the
output coaxial connector. All
power leads except the high
voltage to the plate are run in
shielded wire.



A 90-Watt Amplifier
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Fig. 6-51 —Power supply section of the all-purpose amplifier.

Li—7-henry 150-ma. choke {Stancor C-1710).
Lz—8Ya-henry 50-ma. choke (Stancor C-1279).

P1—Fused line plug, 3-ampere fuses.
S1—S.p.s.t. toggle.

Ti—800 v.c.t. at 200 ma., 6.3 v. at 5 amp., 5 v. at 3 amp. (Allied Radio Knight 62 G 033).

tion source to be used — less than a watt is re-
quired for linear operation, and only a shade
more for Class C. Use the drive at a high fre-
quency, such as 21 or 28 Me. Turn on the ampli-
fier and switch the band switches to the band
corresponding to the excitation-source frequency.
Adjust the grid tuning capacitor for a show of
grid current; peak the tuning and (if necessary)
adjust the exeitation for a half-scale reading of
grid current. With the loading capacitor ('y set
at half scale, swing the tuning capaeitor ('3
through its range. Wateh carefullv for a slight
flicker in grid eurrent. If one is found, adjust
the neutralizing capacitor (2 until the flicker is
minimized. The amplifier is now neutralized.
Alternatively, a sensitive detector of r.f. can bhe
coupled at the output connector, J2, and used
instead of the grid-eurrent flicker. Adjust (%
for minimum r.f. in the output when the plate
circuit is tuned through resonance. Turn off
the power switeh and diseonneet the exeitation
source.

Remove the sensitive detector, if used, and
replace the rectifier tubes. Turn on the power
and switch the meter to read plate current. With
the grid and plate circuits switched to the same
band (10, 15, 20 or 40) it should be possible to
swing the grid and plate tuning to any eombina-
tion of settings with no change in plate eurrent
reading. This indicates that the amplifier is stable
and free from oscillation. (The amplifier can be
made to oscillate on 80 meters with no grid or
plate loading, but in loaded operation it will be
stable.)

The antenna and excitation ean now be con-
nected and the amplifier used in normal fashion.
Used as a linear amplifier, the excitation should be
adjusted just below the level that would kick
the grid-current indication on signal peaks.
Proper loading will be obtained when a steady
carrier just under the grid-current level is used for
drive and the loading at resonanee is set for about
100 ma. plate current. Under these conditions

of loading, a sideband signal will kiek the plate
current to about 40 or 50 ma. on peaks. Measured
p.e.p. input before clipping should bhe 60 to 70
watts.

When used as a Class-C amplifier, the drive
should be inereased to where about 2 to 3 ma.
grid eurrent is drawn, and the loading to where
the 6146 draws about 125 ma. If the amplifier is
plate modulated, the plate current should be re-
duced to 95 ma., to stay within the tube ratings.

Since the amplifier uses a fixed and “stiff”
sereen supply, it is good practice always to bring
up the excitation and loading together, while
checking to see that the sereen current never
exeeeds about 15 ma. In normal Class-C opera-
tion the screen current will run around 10 ma.
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Fig. 6-52—Exploded view of the cable clamp used to
hold the coaxial cable running to J2. The top plate is a
1Va-inch square of sheet aluminum with holes at the four
corners for 6-32 screws. The arch is a Zs-inch wide strap
that mounts diagonally under the chassis. When tightened,
the top plate clamps the cable braid to the chassis; the
arch lends support to the cable.
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6 —HIGH-FREQUENCY TRANSMITTERS
A Self-Contained 500-Watt Transmitter

Figs. 6-53 through 6-58 show the details of a
500-watt c.w. transmitter, completely self-con-
tained except for the external remote v.f.0. tun-
ing box shown in Figs. 6-57 and 6-58. Provision is
made for introducing s.s.b. input at the grid of
the driver stage. While plate modulation can be
applied to the final amplifier in the usual manner,
ratings of the plate power supply limit the safe
input to about 250 watts.

The eirenit is shown in Fig, 6-54. Switeh Sq
permits either v.f.o. or eryvstal-controlled opera-
tion using a 6AHG oscillator. Either 80- or 40-
meter erystals may be used. The v.f.o. circuit is in
the 80-meter band and Sy selects either of two
frequency ranges — 3.5 to 4 Me. for complete
coverage of all bands, and 3.5 to 3.6 Me. for
greater bandspread over the low-frequency ends
of the wider bands, The plate eircuit of the oscil-
lator is on 40 meters for all output bands except
80 meters where it is non-resonant.

A 6CLS buffer separates the oscillator and the
first keved stage. This stage doubles to 20 meters
for 20- and 10-meter output and triples to 15
meters, The driver is a 21526 which doubles to
10 meters and works straight through on all
other bands. This stage is neutralized and a
potentiometer in its sereen eircuit serves as an
exeitation control,

The final is a 7094, also neutralized, with a
pi-network output cireuit using a B&W 851 band-
switching induetor unit.

A differential break-in keying system using a
12A0°7 is included. Both the final amplifier and
driver are keved by the grid-block method.
The differential is adjusted by Ry. Clicks are pre-
vented by envelope-shaping cireuits which in-
clude (7, (17 and the grid-leak resistances,

The 100-ohm meter shunts give a full-seale
reading of 50 ma., the 51-ohm shunts a full-scale
reading of 100 ma., and the 10-ohm resistor in
the negative high-voltage lead provides a 500-ma.
seale,

Power Supply
The plate transformer in the high-voltage

supply uses a transformer designed for a con-
ventional full-wave reectifier cireuit with an
ICAS d.c. output rating of 300 ma. at 750
volts, A bridge rectifier is used with this
transformer so that an output voltage of 1500
is obtained. The short duty eyvele of cw,
or s.5.h, operation makes it possible to draw up
to the rated maximum of the 7094 (330 ma.)
through a choke-input filter without a prohibitive
rise in transformer temperature,

The low-voltage supply has two rectifiers. A
full-wave rectifier with a capacitive-input filter
provides 400 volts for the plate of the driver and
the screen of the final amplifier. A tap on a volt-
age divider across 400 volts provides 300 volts for
the plates of the oscillator, buffer and keyer tubes.
A half-wave rectifier with a choke-input filter
supplies 250 volts of bias for the keyer and fixed
bias for the 21226 and 7094 when they are operat-
ing as Class AB; linear amplifiers,

Control Circuits

Sy is the main power switeh, It turns on the
low-voltage, filament and bias supplies. Until
it has been elosed, the high-voltage supply cannot
he turned on. In addition to turning on the high-
voltage supply, Se operates the relay Ky which
applics sereen voltage to the final amplifier. Thus,
to proteet the screen, screen voltage cannot be
applied without applving plate voltage simul-
taneously, Jg is in parallel with Sg so that the
high-voltage supply can be controlled remotely
from an external switch., Also, in parallel with
the primary of the high-voltage transformer is
another jack, J;, which permits control of an
antenna relay or other deviee by Sg if desired.

The v.f.0.-set switch S turns on the exeiter and
grounds the sereen of the final amplifier,

S, has three positions, One is for erystal con-
trol, the second for v.f.0. operation, and the third
position is for operating the last two stages of
the transmitter as linear amplifiers with an ex-
ternal s.s.b, exciter. In addition to shifting the
input of the driver stage from the buffer amplifier
to an s.8.h, input connector, fixed bias is provided
for AB; operation of both stages,

Construction

The transmitter is assembled on a 17 X 13 X

Fig. 6-53—A 500-watt transmitter, Power supplies and a
differential keyer are included. It operates with the ex-
ternal v.f.o. tuner shown in Fig. 6-57. Controls along the
bettom, from left to right, are for low-voltage power,
v.f.0.[crystals [s.s.b. switch, driver tank switch, driver tank
capacitor, final loading, v.f.o. set switch, and high-voltage.
Above, from left to right, are controls for excitation, final
tank switch, final tank capacitor and meter switch. The
band-switch pointer is made by cutting down the metal
skirt of a dial similar to the one to the right.
All dials are Johnson,



500-Watt Transmitter
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Fig. 6-54—Circuit of the 500-watt self-contained transmitter. Capacitance less than 0.001 uf. are in uuf. Fixed

capacitors of capacitance greater than 100 uuf. should be disk ceramic, except as noted below. Fixed capacitors

of 100 uuf. and 220 uuf. should be mica. Capacitors marked with polarity are electrolytic. Resistors not otherwise
marked are 2 watt.

Bi—Blower (Allied 72P715).

Ci, C3—100-uuf. air trimmer (Hommariund APC-100-B).
Ca—Midget dual variable, 25 uuf. per section (Johnson
167-51 altered as described in the text).

Cy, C;—0.001 -uf. silver mica.

Co—30-uuf. mica trimmer (Nationa! M-30).

Cz, Cii—0.1-uf. paper (keyer shaping).

Cs— 30-uuf. miniature variable (Johnson 160-130)

Co—100-upuf. midget variable (Johnson 167-11).

Ci0—330-uuf. mica.

Ci2—10-uuf. neutralizing capacitor {Johnson 159-125).

Ci13—0.001 -uf. 3000-volt disk ceramic.

C14—0.001-uf. 5000-volt ceramic (CRL 858S).

Ci5—250-uuf. 2000-volt variable (Johnson 154-1).

Cis—Triple-gang broadcast variable, 365 uuf. or more
per section, sections connected in parallel.

li, la—One-inch 115-volt panel lamp.

J1, Ja—Cable connector for RG-22 /U (Amphenol 83-22R,
UG-103/u).

Ja—Crystal socket (Millen 33102).

14, Js—Coanxial receptacle (SO-239).

Ja—Key jack, open circuit.

J7, Jx— Chassis-mounting a.c. recegtacle (Amphenol 61-F).

Ki—S.p.s.t. 115-volt a.c. relay (Advance GHA/1C/
115VA or similar).

Li—35 ph.—32 turns No. 18, 2 inches diameter, 2 inches
long (Airdux 1616).

Lo—Approx. 10 ph.—65 turns No. 26 enam., on ¥-inch
iron-slug form (Waters CSA-1011-3).

Lz—Approx. 2 uh.—16 turns No. 26 enam., close-wound
at center of form similar to L..

Li—Approx. 1 uh.—13 turns No. 26 enam., 2 inch long
at center of form similar to L.

Ls—16 turns No. 20, % inch diameter, 1 inch long, tapged
at 10 turns and 13 turns from Lg end (Airdux 616).

Le—40 turns No. 16, 1% inches diameter, 2% inches long,
tapped at mid point and at L; end (Airdux 1016).

L;—3 turns No. 14, V2 inch diameter, % inch long.

Ls—4 turns 35 X Yg-inch copper strip, 134 inches diameter,
22 inches long (part of B&W 851 coil unit).

Lo—4% turns No. 8, 2V inches diameter, 1% inches long,
tapped at 1% turns from Ls end, plus 9V2 turns
No. 12, 22 inches diometer, 12 inches long,
tapped at 6 turns from output end (part of B&W
851 coil unit).
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Lio—7-hy. 150-ma. filter choke (Stancor C-1710).

Liy—15-hy. 75-ma. filter choke (Stancor C-1002).

Li2—5/25-hy. 300-ma. swinging filter choke (Triad
C-33A).

M;—Shielded 0. 5-ma. d.c. milliammeter, 3Y2-inch rectan-
gular (Phaostron}.

Py, P2—Plug for RG-22 /U cable (Amphenol 83-225P).

Ri—100,000-0hm potentiometer.

Rz, Ra, Ro— 100 ohms, 5%.

Ri—20,000-0hm 4-watt potentiometer {Mallory M20-
MPK)

Rs, Re— 51 ohms, 1 watt, 5%,

R:—Two 10,000-ohm 2-watt resistors in series.

Ro—Three 100-ohm 1-watt noninductive
parallel.

R10—25,000 ohms, 25 watts with sfider,

R11— 15,000 ohms, 20 watts, with stider.

Ri2— 4700 ohms, 1 watt.

Ria—2200 ohms, 1 watt.

Ri4— 10 ohms {Five 51-ohm 1-watt 5% resistors in parallel.)

188

resistors in

Ris— 1000 ohms 2 watt 5%,

S1—Single-pole ceramic rotary switch (Centralab 2000,
2 of 12 positions used).

So—Two-wafer ceramic rotary switch {Centralab PA-300
index, PA-4 wofers. S25 and S2u are on one wafer,
Sa2¢, S21, and S2i; on second wafer).

S3—Three-wafer ceramic rotary switch {Centralab PA-301
index, wafers PA-0, 5 positions used).

Sy—Part of B&W 851 coil unit.

S5—2-pole 3-position ceramic rotary switch {Centralab
2003, two positions used).

Sg—Double-pole ceramic rotary switch (Centralab 2003).

Sz, Ss—S.p.s.t. toggle switch,

Ti—Power transformer: 750 v.a.c., c.t.,, 150 ma.; 5 volts
3 amps.; 6.3 volts, 4.7 amps. {Thordarson 22R06).

T2, Ts—Filoment transformer: 2.5 volts, c.t., 3 amps.
{Triad F-1X).

Ty—Plate transformer: 1780 volts, c.t.,, 310 ma., center tap
not used (Triad P-14A),

Ts—Filoment transformer: 5 volts, c.t., 3 omps. {Triad F-7X).



Fig. 6-55—The only shielding required on top
of the chassis is the amplifier enclosure shown.
A perforated cover for the enclosure
is not shown,

A-inch aluminum ehassis with a 19 X

1213-inch panel. The amplifier enclo-

sure measures 8'5 inches wide, 814

inches deep and 7'5 inches high, The

three permanent sides shown in Fig.

6-53 can be hent up from a single sheet

of =olid aluminuny stock. The top and

back (not shown) are made from a =in-

gle picee of Revnolds perforated sheet aluminum.,
The tube socket is mounted on 34-ineh ce-

ramic cones over a large hole cut in the chassis and

covered with a pateh of perforated sheet. The

tank capacitor (13 is mounted on metal spacers to

bring it shaft level up to that of the switch on

the B&W inductor which i mounted direetly on

the chassiz, The two shafts are spaced 4 inches.

Exciter

A4 X 5 X t-inch aluminum hox is used as the
foundation for the exeiter. The driver tank
capacitor i centered on the chassis with its center
approximately 3 inches back from the front edge
of the chassis. The eapacitor speeified has an
inxulated mounting. I an uninsulated capacitor
is substituted, an insulating mounting must be
provided. The shafts of S» and S; are spaced
215 inches and eentered on the front end of the
box. On the side of the box toward the tuning
capacitor, the oscillator tube, the huffer tube, the
low-frequeney seetion (Lg) of the driver tank
coil, and the 21226 are lined up =0 as to clear the
tank capaeitor and its <haft. The latter is fitted
with an insulated coupling and a panel-
bearing unit. The slug-tuned coils are
mounted in holes near the bottom edge
of the hox. Neutralizing eapacitor ('y
ix mounted at the rear end of the hox,
close to the 21526 socket, The high-
frequency seetion (Lz) of the tank coil
ix suspended between the onter end of

Fig. 6-56—The exciter is assembled using a
standard aluminum box as the foundation. The
perforated cover has been removed. The bot-
tom of the chassis should also have o
perforated metal cover.

the low-frequeney seetion and the plate cap of
the 21526. Coil-tap leads run through small feed-
through points or grommeted clearance holes in
the side of the box.

The loading eapacitor (¢ is placed so that its
shaft is symmetrical with the shatt of 83, and Ss
¥ spaced from it to balance Ss at the other end.

The V.F.O. Tuner

The v.f.o. tuner isassembled ina b X 6 X 9-inch
aluminum  box  (Premier AC-5396). The  dual
tuning eapacitor Co has 7 plates, 1 rotor and 3
stationary, in cach section. In the front section,
which is used to cover the entire 80-meter band,
the two rotor plates nearest the front should be
removed. This leaves two rotor plates and two
aetive stator plates, the front stator plate being
inactive, In the rear seetion, the front rotor plate
and the last two rotor plates are removed. This
leaves one rotor plate riding between two stators,

The eapacitor ix mounted on a bracket fastened
agaiust the hottom of the hox, although it could
he mounted from the front eover with spacers to
elear the hub of the Millen 10035 dial. The shaft
of the eapacitor should be central on the front
cover, The coil is suspended between o pair of
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21 ainch ceramie pillars (Millen 31002). It is
placed immediately to the rear of the tuning
capacitor. The two air trimmers, Cp and (3, are
mounted on the top side of the box with their
shafts protruding so that they can be adjusted
from the top. The bandspread switeh is mounted
in one end of the box and the cable connector at
the other end.

The unit is housed in a standard cabinet (Bud
C-1781) having an 8 X 10-inch panel. The dial
should be fastened to the panel, making sure
that the hub of the dial lines up accurately with
the shaft of the tuning eapacitor. Then the box is
inserted in the cabinet through the front opening.
The switeh shaft goes out through a hole drilled
in the side of the eabinet, and the cable goes

13

Fig. 6-57—~The remote v.f.o. tuning unit is housed in a

standard metal cabinet. The cable at the right plugs
into the main chassis.

through a hole in the opposite end to the cable
connector. The dial should be set to read zero at
maximum capacitance of the tuning eapacitor.
The box should be supported on spacers.

Adjustment

With all tubes except the reetifiers out of their
sockets, the power supplies should be checked
first to be sure that they are funetioning properly.
The voltage output of the low-voltage supply
should bhe in excess of 400 volts, the biasing
voltage 300 or more and the high voltage above
1500. The slider on the low-voltage bleeder
should be set at approximately three quarters
of the way from ground. The slider on the bias-
supply bleeder shoulid be set for areading of —250
volts to ground.

Plug in the oscillator and buffer tubes and an
S0-meter cerystal if one is available: otherwise
conneet the v.fo. tuner. With the low-voltage
supply turned on, the 0A2 should glow. When
the key is closed, the 0A2 shonld dim but stay
jgnited. 1f it does not, the value of the 10K VR
resistor should be reduced.

The v.f.o. ean now he adjusted to frequency.
Set ('3 at maximum eapacitance. Set 8y to the
80-meter position. Adjust the 80-meter trimmer
until a signal is heard at 3500 ke, on a ealibrated
receiver. Then set the receiver to 4000 ke. and
tune the v.f.o. until the signal is heard. If the
signal is not close to 100 on the dial, carefully

190

Fig. 6-58—Interior of the v.f.o. tuning box showing the
mounting of the coil and other components.

bend the rear rotor plate of the 80-meter section
of (s outward a little at a time to get the desired
bandspread. Each time this adjustment is made,
the trimmer should be reset to bring 3300 ke. at
zero on the dial.

The same procedure should be followed in ad-
justing for the other v.f.o. range, aiming for 3600
ke. (or above if desired) at 100 on the dial,

The 21526 should now be plugged in and the
exeitation control 2y set at the ground end (zero
sereen voltage). Sa should be set in the v.fo.
position, With low voltage on and the key closed,
a 5763 grid-current reading should be obtained
with the bhand switeh in the 80-meter position.
With the switch in the 40-meter position, the
slug of La should be adjusted for maximum grid
current to the 21226, With the band switeh in the
20-meter position, Ly should be adjusted for maxi-
mum grid current, and then the slug of Ly should
be adjusted for maximum grid current with the
band switeh in the 13-meter position.

Now insert the 7094 in its socket and neutral-
ize the 2E26 as deseribed carlier in this chapter.

Testing of the final amplifier requires a load
applied to the output connector. Two 150-watt
lamps conneeted in parallel should serve the
purpose. Turning on the high voltage will also
apply screen voltage through the relay Ky With
hoth band switches set to 10 meters, and Cyg set
at about half eapacitance, quickly tune the out-
put circuit to resonance as indicated by the
plate-current dip. The load lamp should show
an indieation of output. Switch the meter
to read grid current and neutralize as deseribed
carlier in this chapter. After ncutralization the
amplifier ean be loaded to rated plate current.
If it is above the rated maximum value, increase
("1 and retune to resonance, or deerease (g if the
plate current is below the rated value.

With the final adjusted and the entire trans-
mitter operating, make a final cheek on the volt-
age at the tap on the low-voltage supply, adjust-
ing the slider if necessary to bring the voltage to
300 with the key closed. Be sure to turn off all
voltages each time an adjustment is made.

The last adjustment is in the keyer, Adjust the
potentiometer Ry to the point where the oscillator
cannot be heard between dots and dashes at
normal keying speed.



813 Amplifier

An All-Purpose 813 Amplifier

Figs. 6-39 through 6-62 show the circuit and
photographs of an 813 amplifier designed for c.w.,
a.m., or s.8.b. operation. Provision has been made
for convenient ehanging from one mode to an-
other as well as to any of the bands from 80
through 10 meters.

The cirenit is shown in 6-60. A turret-type
grid cirenit is nsed and the output cireuit is a
pi network designed to work into coax eable, The
inductor is the rotarv-type variable, Provision
for neutralizing is included. Ry is a parasitic
SUppressor.

For Class C c.wv. or phone operation, Sy is open.
The 90 volts of fixed bias, furnished by a small
bias supply and regnlated by the VR0, is ang-
mented by a drop of about 30 volts across the
grid-leak resistor s at a normal grid current of
15 ma. This brings the total bias to 140 volts,
With Sy closed, the grid leak is short-cirenited
and the 90 volts of fixed bias alone remains for
ABs s.s.b. operation. (An advantage in A By for
c.av. operation is that it preserves the keving
characteristics of the exeiter better than with
Class C operation,) I3 shonld be adjusted so that
the VIRYO just ignites with no exeitation,

Sereen voltage is regulated at 750 volts by a
string of five 0A2s for s.s.b. operation. When the
grid drive is inereased for Class C operation, the
sereen  current inereases, inereasing  the drop
across the sereen resistor 05, and the sereen volt-
age falls to 400. The regulators then lose control
and the amplifier is ready for plate-sereen
modhtlation,

The sereen is protected against excessive input,
should the load or plate voltage be removed, by
the overload relay Kj. The tripping point is set
at 40 ma. by the variable shunt resistor 224, If the
relay trips, current through Re will hold the sereen
cireuit open until plate voltage is removed. One
meter, M, measures cathode current, while the
other meter, Ma, may be switched to read either

Fig. 6-59—W4SUD's ali-purpose 813
amplifier. The output-capacitor switch
{coorse loading) is above the turns
counter for the variable inductor. Dials
near the center are for the plate tank
capacitor Cs (above) and the grid
tank capacitor C; {below). To the right
of the dials are the controls for the
plate padder switch S3 {above) and
the grid band switch S; (below). The
toggle switch below the meters is the
mode switch Sy with the meter switch
S: to the left. Ventilating holes are
drilled in the cover in the area above
the tube. The output connector is on the
left-hand wall of the shielding box

grid current or sercen current.

Foreed-air ventilation is always advisable for
a medium- or high-power amplifier if it is but-
toned up tight to suppress TVI. A surplus 100
c.f.m. blower does the job more than adequately.

Construction

The amplifier is built on a 13 X 17 X {-inch
aluminum chassis fastened to a standard 1234 X
19-inch rack panel. The r.f. output portion is
enclosed in a 1214 X 13 X 8la-inch box made of
aluminum angle and sheet. The VR tubes, relay,
blower and meters are mounted external to the
box.

The grid tank-cireuit components are mounted
underneath the chassis and are shielded with a
5 X 7 X 3-inch aluminum box. A standard
chassis of these dimensions might be substituted.
The bias and filament transformers are in a see-
ond box measuring 6 by 3 by 3 inches. This type
of construetion, together with the use of shiclded
wire for all power eircuits, was followed to reduce
TVI to a minimnm. Isach wire was bypassed at
both ends with 0.001-gf. ceramie disk eapacitors,
Lg can be adjusted to series resonate with the
600-pul. capacitor at the frequency of the most
troublesome channel. A Bud low-pass filter com-
pletes the TVI treatment. As a result, the ampli-
fier is completely free of TVI on all channels
even in most fringe arcas.

Adjustment

In the pi network, the output capacitors are
fixed. However, the adjustment of the network is
similar to that of the more conventional arrange-
ment using a variable portion of the output
apacitance. The only difference is that the
“fine” loading adjustment is done with the
variable inductor.

The inductor is fitted with a Groth turns

counter, making it casy to return to the proper
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B, —Ventilating blower, 100 c.f.m, (surplus).

C1—250-uuf. variable (Hommarlund MC-250-M).

C2—1000-uuf, mica.

C3—Nevtralizing capacitor, 10 uuf. moximum (Jahnson
159.250).

Cs—150-puf. 6000-volt varioble (Johnson 153-12).

C5—100-uuf. 5000-volt fixed capacitor {surplus vacuum
Amperex VC-100, or two 200-uuf, 5000-volt
micas in series).

CR;1—130-volt 50-ma. selenium rectifier.

Ji, Ja—Coaxial receptacle (SO-239).

Ki—Screen overload relay, 2500 ohms, 7 ma. {Potter &
Brumfield KCPS).

L1—3.5 Mc.—32 turns No. 20, 1-inch diam., 2 inches long,
S-turn link (B&W 3015 or Airdux 816).

—7 Mc.—18 turns No. 20, %-inch diom., 1% inches

long, 3-turn link (B&W 3011 or Airdux 616).

—14 Mc.—10 turns No. 18, %-inch diam., 1% inches
long, 2-turn link (B&W 3006 or Airdux 508).
—21 Mc.—7 turns No. 18, %-inch diam., 7 inch long,
1-turn link (B&W 3006 or Airdux 508).
—28 Mc.—5 turrs No. 18, ¥-inch diam., % inch lang,
1-turn link (B&W 3006 or Airdux 508).
La—3 turns 3/16-inch copper tubing, 1-inch diom., 1%
inches fong.
Ls—15-ph. varioble inductor (B&W 3852).
Li—See text.
M1, M2—3%2-inch d.c. milliommeter.
R;—39 ohms, V2-watt carbon.
Rz—3300 ohms, 2 watts.
R3—15,000 ohms, 10 watts with slider.
R;—2000-ohm 4.watt variable resistor (Mallory M2-
MPK).
RFCi, RFC3—2.5-mh. r.f. choke (Nationa! R-50 or similar).
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RFCz—Plate r.f. choke {Nationat R-175-A).

RFCs+—V.h.f. choke (National R-60}.

Si—Rotary switch: 3 wafers, 3 poles, 11 positians per
pole, 5 positions used (Centralob PA-0 wafers,
PA-301 index).

Sa:—Rotary switch: single pole, 10 positions, progressively
shorting, 6 positions used (Centralab PA-2042).

S;—Rotary switch: s.p.s.t., ceramic {(ontenna link switch
from BC.375 tuning unit, or Communications
Products Model 65).

Ss—S.p.s.t. toggle switch.

S5—D.p.d.t. rotary switch (Centralab 1405).

Ti—Filament transformer: 10 valts, 5 amp. (Thordarson
21F18).

T:—Bios transformer: 120 volts, 50 ma.; 6.3 volts, 2 amp,,
filoment winding not used; covld be used for
pilot light (Merit P-3045).

SYFLLINSNYYL AONINOIYI-HOIH-9



813 Amplifier

Fig. 6-61—This view
shows the placement of
components on the chas-
sis. The 813 socket is
mounted on spacers
over a large clearance
hole in the chassis. The
several mica output
capacitors are assem-
bled in a stack on a
threaded rod fastened
to the left-hand wall of
the shielding box. The
neutralizing capacitor
and the 80-meter plate
padder are to the right
of the tank capacitor.
To the right of the box
are the five 0A2s (the
front one hidden), the
screen overload relay
and the VR90, the
blower and meters.

setting for cach band. Until the settings for
cach band have been found, 83 should be turned
so that all of the output eapacitance is in eircuit.
The inductor should be set near maxinum for 80,
and approximately half maximum for 40. On the
higher-frequeney bands, the inducter should be
set so that the circuit resonates with the tank
capacitor near minimum capacitance. Loading
should increase as the output capacitance is de-

Fig. 6-62—Bottom view of the
all-purpose 813 amplifier. The
grid tank-circuit components
within dashed lines in Fig. 6-70
are enclosed in the box atlower
center. Input links are wound
over ground ends of grid coils.
Filament and bias transformers
are in the second box. The
large resistor to the left of the
grid box is the screen resistor.
The variable resistor in the
upper left-hand corner is the
relay shunt Ry. The selenium
bias rectifier is fastened against
the left-hand wall of the chassis,

creased. A change in output capacitance requires
a readjustment of C4 for resonance, When the
loading is near the desired point, final adjustment
can be made by altering the inductance slightly.

A 20-\ or similar exeiter is well suited as a
driver for this amplifier on all modes. The 813
runs cool at 500 watts input on a.m. and c.w.
and at 1000 watts p.c.p. on s.s.b. (Originally
described iu QST for August, 1958.)
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A Medium-Power Tetrode Amplifier

Fig. 6-63—This medium-power tetrode
amplifier is assembled on o 17 X
12 X 3-inch aluminum chossis with a
19 X 12%-inch rack panel. Controls
along the bottom of the panel are
for the grid band switch, grid tun-
ing copacitor, meter switch, a.c.
power, and pi-network looding ca-
pacitor. Above are the controls for
the plate tank capacitor and plate
band switch. The sides ond back of
the shielding enclosure ore a single
piece of Reynolds perforated alumi-
num sheet “wrapped” oround the
chossis. A 1-inch lip is bent along
the three top edges so that the top
cover can be fastened on with sheet-
metal screws.

Tigs. 6-63 through 6-66 show photographs and
¢ireuit diagram of an amplifier using an RCA
7004 tetrode that will handle up to 500 watts
input on c.aw. or 330 watts with plate-sereen
modulation. Construction has been simplified
by the use of manufactured subassemblies — a
Harrington Electronies GP-30 multiband  grid
tank and a B & W type 831 bandswitching pi-
network induetor. The amplifier is neutralized
by the capacitive-bridge method. 2y and L are
adjusted to suppress vt parasitie oscillation.
The single milliammeter My may be switched to
read either grid or plate current. The shunt /22
multiplies the original 50-ma. scale by 10, giving
readings up to 300 ma. when the meter switch
S is in the plate-current position, Forced-air
ventilation is provided by a small blower By

Fig. 6-64—Rear view of the medium-
power omplifier. The shofts of the
plate band switch and plate tuning
capacitor ore 2% ond 6% inches from
the left-hand end of the chassis in this
view. A ventilating hole somewhat
larger than the tube socket (829-B
type) is centered 6%2 inches from the
right-hand end of the chassis ond 6
inches from the rear. A piece of
perforated aluminum covers the hole
ond supports the tube socket mounted
on 1-inch ceramic cones. Feed-through
insulators carry connections to the bot-
tom terminals of the plate tank-coil
unit, the plate r.f. choke and the neu-
tralizing capacitor. The meter is en-
closedina 4 X 4 X 2-inchaluminumbox.
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Shiclded wire is used in all power circuits and
terminal leads are bypassed for v.hf. as they
enter the chassis.

Construction

The plate blocking eapacitor is threaded onto
one of the plate tank-capacitor stator vods.
Plate-cirenit leads are made of 13-inch copper
strip, Sereen and filament bypasses are conneeted
direetly hetween the tube-socket terminals and
the perforated sheet. Fach of the three sereen
terminals is bypassed with a 1000-puf. 1600-volt
disk coramice capacitor, The grid-tank unit s
spaced from the front wall of the chassis on 1-inch
pillar insulators to provide space for an insulating
shaft conpling,.

Along the rear wall of the chassis are the coax
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Fig. 6-65—Circuit of the 7094 amplifier. Unless specified otherwise, capacitances are in uuf. All fixed capacitors rated
atless than 5 kv. are disk ceramic. The 5-kv. capacitors are TV-type ceramics (Centralab 858). Dashed lines in grid circuit
enclose components of Harrington GP-50 multiband tank unit. Those in the plate circuit enclose components of the B & W

851 pi-network inductor.

B, —Blower (Allied Radio Cat. No. 72P715).

C1—250-uuf. midget variable (special).

C2—Neutralizing capacitor—11 nuf.
N125).

C3—250-uuf. 3000-volt variable {Johnson 250E30).

Cs—1100-uuf. variable—triple-gang broadcast replace-
ment type, 365 upuf. (or more) per section, sections
connected in parallel.

l1—6.3-volt dial lamp.

J1, J2—Coax receptacle (SO-239).

Li—2 turns No. 16, 1 inch diam., over ground end of La.

La—14 turns No. 16, % inch diam., 2 inches long.

L:—3 turns No. 16, 1 inch diam., over ground end of [,

Li—38 turns No. 22, % inch diam., 1V inches fong.

Ls—3 turns No. 12, % inch diam., 1 inchlong.

Ls—4 turns s X He-inch copper strip, 1% inches diame-
ter, 22 incheslong.

l7—4% turns No. 8, 2V2 inches diam., 1% inches long,

max. (Johnson

output conncetor, a.c. power connector, fuse,
sereen-voltage, bias and ground terminals, high-
voltage conneetor (Millen) and the coux input
connector. Strips of 1y-inch aluminum angle fas-
tened to the panel provide a means of fastening
the shielding enclosure to the panel. Paint shonld
he removed where the angle vests against the
panel so that there will e good eleetrieal contact
between the two,

Preliminary Adjustment

To maintain a tank Q of 10 at - and 7.3 Me,,
1 turns should be removed or shorted out at the
front end of the B&W unit, and the 40-meter tap
should be moved one turn toward the rear. (For
operation at less than maximum [CAS ratings, see
pi-network charts carlier in this chapter.)

tapped at 3 turns from the s end.

Ls—9% turns No. 12, 2V inches diam., 1%z inches long,
tapped at 6 turns from the output end (see text).

Note: L7 and ls are mounted close together on the same
axis; Lg is mounted at right angles.

Mi—D.c. milliammeter, 0-50-ma. scale—3%-inch rec-
tangular (Triplett Model 327-PL).

Ri—Three 150-ohm 1-watt carbon resistors in parallel.

R:—Approx. 32 turns No. 24 on a V4-inch diam. form (see
measurements section for method of adjustment).

RFCy—750-uh, r.f. choke (National R-33).

RFC2—Plate r.f. choke 120uh (Raypar RL-101).

RFC3—2.5-mh. r.f. choke (National R-50).

S1—Two-wafer 5-position ceramic rotary switch.

S2—Special heavy-duty 5.position rotary switch (com-
ponent of B & W inductor unit).

Ti—Filament transformer: 6.3 volts, 3.5 amps. minimum
(Thordarson 21F11).

Before  applying  excitation,  the amplifier
should be cheeked for vt parasitic oscillation
as deseribed earlier in this seetion, A resistor of
about 20,000 ohms should be connected between
the bias terminal and ground. Full plate voltage
may be applied, but the sereen should be operated
from an adjustable 50,000-0hm 30-watt scrics ro-
sistor connected to the plate supply. The grid band
switch should be turned to the 10-meter position
and the plate switeh to the 80-meter position. With
the meter switched to read plate current, the
sereen resistanee should be reduced until the plate
power input is about 100 watts, The meter should
then be switehed to read grid current and the
recommended procedure followed, The objeetive
is to suppress the parasitie oseillation with the
smullest possible coil to keep the parasitic-cireuit

195
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Fig. 6-66—Bottom view of the 7094 amplifier. The grid-tank assembly in the upperlefi-hand
corner and the autputloading capacitor in the lower right-hand corner are placed so that the
shoft of the latter and the shaft of the grid band switch are 1Yz inches from the ends of the
chassis. Spacers between the chassis and the autput capacitor bring its shaft level with thase of
the grid-tank unit. The meter switch is at the center. The filament transfarmer is mounted on an
oluminum bracket. The ventilating fan is bolted against the rear wall of the chassis.

resonant frequeney between the two vhif TV
bands. If oscillation is deteeted, additional loading
resistors should be tried first. 1f this does not work,
another turn should be added to the coil. or the
turns squeezed closer together. With the parasitic
coil deseribed, the resenant frequency of the
cireuit is about 100 megacyeles,

Neutralizing

Neutralizing should be done with excitation
applicd to produce rated grid eurrent. The
input and output eireuits should be tuned to the
same frequeney. Plate and sereen voltages should
be disconnected at the transmitter terminals,
The neutralizing eapacitor should then be ad-
justed until a point is found where there is no
change in grid current as the plate tank circuit
is tuncd through resonance., The output capacitor
should be set at maximum eapacitance for this
cheek. After plate and sereen voltages have been
applicd and the amplifier loaded, the neat ralizing
capacitor should be given a final adjustment to
the point where minimum plate eurrent and
maximum grid and sereen currents oceur simul-
tancously.

Power Supply

Maximum ICAS ratings on the 7094 are 1500
volts, 330 ma. on c.w.. 1500 volts, 200 ma. (max.)
Class A3 s.s.b., and 1200 volts, 275 ma. for aum,
phone. However, the tube will work well at plate
voltages down to at least 700 volts, provided
appropriate values are used in the pi network as
mentioned previously. The recommended sercen
voltage is 400 for all elasses of operation at sereen
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curtents up to 30 ma., depending on the type of
operation, Therefore a regulated sereen voltage
ean bhe obtained using a pair of 0D3s and one 0C3
in series. If sercen voltage is obtained from the
plate supply. an adjustable 100-wautt 75,000-ohm
series resistor should be used and the value ad-
justed to obtain the desived operating plate cur-
rent after initial tuning adjustments have been
made,
Biasing

A fixed biasing voltage of 50 is required for
s..h, operation. Batteries should last indefinitely.
The biasing voltage may also be obtained from a
voltage divider aeross a VR tube with suitable
series resistor. A biasing voltage ol 130 is recom-
mended for plate-modulated Class C serviee, and
100 volts for c.w. operation, Recommended grid
current is 5 ma. 1f the sereen is operated from a
fixed-voltage source, a source regilated by an
0.3 should provide plate-current cut off. The
balanee of the required operating bias may be
obtained from a grid leak (3000 ohms for c.w,
or 11,000 ohms for phone). In case the sereen is
supplicd through a dropping resistor from the
plate supply. fixed biasing voltages of 100 for
cav. or 130 for phone (no grid leak) should pro-
vide reasonable protection for the tube in case of
failure of exeitation.

The rated driving power is 5 watts, easily fur-
nished by a 2126 withoeut pushing it. Existing
transmitters using a 61,6, 6116 or 807 in the final
may be used it provision is made for controlling
the output of these units by adjustment of sereen
voltage.
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A Grounded-Grid Half Kilowatt

The amplifier shown in Figs. 6-67, 6-69 and
6-70 will run at about 500 watts input on ¢.w, —
or p.e.p. input as an s.s.b. linear — on all bands
from 80 through 10 meters. The unit is small
cnough to sit on the operating table right along
with the rest of the station equipment; no need
for big racks here,

Using a pair of 811As in parallel in the
grounded-grid eireuit, this rig is a good one to
use following transmitters such as the Viking
Ranger, DX-40, Globe Scout, and others of
similar power elass, for a worth-while inerease in
power output on c.w. As a linear amplifier fol-
lowing an s.s.b. exeiter it requires no swamping
because the 811.\ grids provide a fairly constant
load in themselves, and also the fed-through
power with grounded-grid presents an additional
constant load to the driver, The total driving
power needed on any band is less than 20 watts.

An additional useful feature 1s a built-in diree-
tional coupler using a version of the “Mickey
Match.”” Besides its obvious application  for
cheeking the s,w.r, on the transmission line to the
antenna or for help in tuning up a coax-coupled
antenna coupler, it is practically indispensable
as an indicator of relative power ontput in tuning
the amplifier.

The Circuit

A number of tube types could be used in an
amplifier of this power elass, but the 811As are
a good choice because they do not need o bins
supply and are not expensive, (Surplus 811s can
be used if you don’t want to buv new tubes: the
ratings arc not quite as high but they ean he
pushed a bit in intermittent serviee sueh as c.w.
and s.s.b.)

The complete eireuit is shown in Fig. 6-68. To
save trouble and work, standard components
are used throughout — the only special construe-
tion is the shiclding and a few simple r.f. chokes.
The tube filaments are driven direetly from coax
input from the driver; no tuning is used or is

Fig. 6-67 —This amplifier operates ot o
plate input of approximately 500
watts, uses a pair of 811As in
grounded-grid, ond is complete with
power supply on a 13 X 17 X 4-
inch chassis. The rack panel is 10%2 by
19 inches. Front-panel controls include
the plate tuning capacitor and bond
switch in the center, filoment and plate
power switches with their pilot lights ot
the lower left, sensitivity control and
forward-reflected power switch for
the directional coupler ot the lower
right, variable loading copacitor ond
auxiliory loading-capacitor switch un-
derneath the 0-1 milliommeter at the
right, ond the grid-caothode milliom-
meter with its switch at the upper left.
The filter choke, 866As and plate
transformer occupy the rear
section of the chassis.

needed in this eircuit. The filaments are kept
above ground by the B & W type FC15 filament
choke.

The plate tank is the familiar pi network, using
a BB & W type 851 tapped coil and band-switeh
assembly. This assembly has been modified
slightly in two respeets: First, the coppersstrip
10-meter coil normally mounted at the top of the
rear plate is taken off and moved so that it is
supported between the tank assembly and the
stator of the tank tuning capacitor as shown in
Fig. 6-69. A short length of copper strip is bolted
between the free end of the eoil and the right-
hand stator conneetion of the tuning capacitor,
to support the free end. This change is made
in order to avoid the long lead that would have
to be run from the eapacitor to the regular input
terminal on the tank assembly, sinee this terminal
is at the right-hand side of the assembly as
viewed from the top, The turns of the 10-meter
coil are also squeezed together a bit to inerease
the inductance, beeause it was found that a
rather large amount of capacitance had to be
used to tune the circuit to the band with the
coil at its original length. The length is now 154
inches between mounting holes.

The sccond modifieation is the addition of a
pair of switch contaets on the rear switch plate
of the tank assembly. There is an extra position
on this plate with holes already provided for con-
tacts, and the additional set of contacts is used
to switch in fixed output loading capacitance on
80 meters, where a large output capacitanceis
needed, The variable loading capaeitor, ('3, with
the five fixed mica capacitors, (5 to C'y inclusive,
give continuous variation of capacitance up to
1275 puf. on all bands, including the regular
switch position for the 80-meter bhand. However,
if the switeh is turned to the extra position an
additional 1000-uuf. mica capacitor is connected
in parallel, so that continuous variation of
capacitance to over 2200 uuf. is possible on 80.
This takes earce of cases where the load resistance

197



6 —HIGH-FREQUENCY TRANSMITTERS

happens to be unusually Jow or reactive.!

A 500-ma. e meter is used for reading either
total eathode eurrent or grid current alone. The
eathode current is read in preference to plate

I'These contacts can be obtained direetly from the manu-
facturer of the tank assembly. To secure a set of contacts
with mounting hardware, send one dollar to Barker & Wil-
liamson, Beaver Dam and Canal, Bristol, Penna., speeifyving
the type of tank assembly for which they are winted, The
contaets are not catalog items and are not available through
dealers.

J o1
REIN .olIT

eurrent hecause of safety considerations. Putting
the meter in the hot d.e. plate Jead leaves nothing
hut a little plastic insulation between the high
voltage and the meter adjusting serew. It is a
bit of a nuisance to have to subtract the grid
current from the eathode current in order to find
the plate eurrent, but it isn’t serious. The d.e.
grid eireuit has a jack, J3, for introducing external
bias cither for blocked-grid keyving or for cutting

DECIMAL VALUES OF CAPACITANCE ARE N pf;
OTHERS ARE IN puf EXCEPT AS INDICATED.

AMPLIFIER

DIR. COUPR
Ly
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115V.
FILS.

115V,
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Fig. 6-68 — Circuit diagram of the parallel-811A grounded-grid amplifier. Unless otherwise specified, fixed capacitors

are disk ceramic, 600-volt roting.

Ci1—500 ppuf., 20,000 volts (TV "'doorknob” type).

C2—250-uuf. variable, 2000 volis {Johnson 250E20).

C3—325-uuf. variable, receiving type (Hommarlund)
MC-325-M).

C1—Ca, inc.—1200-volt mica, case style CM-4 5.

11, 12—6.3-volt dial lomp, 150-ma. (No. 47).

Ji, J2—Coox connector, chassis mounting.

J3—Closed-circuit phone jock.

Ji, J5—115-volt male connector, chassis mounting (Am-
phenol 61-M1).

L1, Lz, S:—5-bond pi-network coil-switch assembly; see
text (B & W 851).

L3—Swinging choke, 4-20 henrys, 300 ma. (UTC $-34).
Li—Section of coox line with extra conductor inserted;
see Footnote 1 for construction references.

M1, Me—Milliommeter, 3Y2-inch plastic case (Triplett
327-PL).

Ry —20,000-chm composition control, linear taper.

RFC;—Filoment-choke assembly, to carry 8 amp. (B & W
FC15).
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RFC:, RFC3—2 uh. {National R-60).

RFC1—90 uh.; 4%-inch winding of No. 26, 40 t.p.i., on
Y4-inch ceromic form (B & W 800).

RFC5—2.5 mh,, any type,

RFCs—RFCy, Incl.—18 turns No. 14 enam., close-wound,
Va-inch diam., self-supporting.

Si—4-pole 2-position rotary, nonshorting (Mallory 3242J
or Centralab 1450).

S.—Part of tank assembly; see L L2,

S;—Miniature ceramic rotary, 1 section, 1 pole, 6 posi-
tions used, progressive shorting (Centralab 2042).

Si—Minioture ceramic rotary, 1 section, 2 poles, 2 posi-
tions used, nonshorting (Centralab 2003).

$:, Se—S.p.s.t. toggle.

T,—Filament transformer, 6.3 volts, 8 amp. min. (UTC
S-61).

T.—Filament transformer, 2.5 volts, 10 amp. (UTC $-57).

T3—Plate transformer, 3000 volts center-tapped, 300 ma.
d.c. (UTC S-47).
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off the plate eurrent during receiving, and a four-
pole switch, Sy, is therefore needed for handling
the meter switching while keeping all ecireuits
functioning normally.

The power supply uses 866.As with a plate
transformer giving 1500 volts cach side of the
center tap, and working into a single-seetion
choke-input filter. The filter eapacitor consists of
four 80-pf. clectrolyties connected in series o
handle the voltage, giving an  effeetive filter
capacitanee of 20 uf, This supply is running well
below its eapabilities in the intermittent type of
operation represented by e, and s.s.h., and the
amplifier is somewhat “over-powered” in this
respeet. A lighter plate transformer ean be nsed
sinee the average current in regular operation is
only about half the maximum tube rating of 350
ma. for the pair,

The a.c. inputs to both filaments and plates
have TVI filters installed right at the a.c. con-
nectors. The chokes in these filters, RIC to
RIFCy inelusive, are homemade by winding 18
turns of No. M4 enameled wire close-wound on g
halt-ineh dowel or drill,

Construction

The only space available for the filament trans-
formers ix below chassis, o these are mounted on
the front wall of the chassis as shown in Fig. 6-70.
There is plenty of room for all other power-supply
parts below chassis, and the photographs make
any further comment on this seetion unnecessary,

The r.f. layout shown in Fig, 6-69 is almost
an exact copy of the eireuit layout as given in
Fig. 6-68. The plate blocking capacitor, (', is
mounted on a small right-angle bracket fastened
to the left-hand stator conneetion of the tank
capacitor, Ca. The tube plates are conneeted to
Cy through individual parasitic-suppressor as-
semblies, Zy and Zs. The hot end of the plate
choke, RIFCy, also conneets to this same point,.
The tank capacitor is mounted on 34-inch coramie
pillars to bring its shaft to the sune height as the
switch shaft on the tank-coil assembly. The

Fig. 6-69—The r.f. section
with the shield cover removed.
Components here are readily
identifioble by reference to
the circuit diagram. The meters
are enclosed in rectangulor
boxes made from thin alumi-
num sheet, formed to be fas-
tened by the meter mounting
screws. The back covers on
these boxes are made from
perforated aluminum, folded
over at the edges and held on
the boxes by sheet-metal
screws. The switch for shifting
the 0-500 milliommeter (left)
from grid to cathode is con-
cealed by the box which
encloses the meter.

capacitor is grounded by conneeting the hottom
of its frame through a half-inch wide strip of
aluminum to essentially the same point at which
the plate-choke  hypass capacitor, a 0.001-uf.
2000-volt disk, ix grounded. The ground end of
the aluminum strip actually is under the hottom
of the plate choke, and the ground lug for the
bypass capaeitor is just to the left. This strip,
plus short leads in the eirenit from the tube plates
through the tank capacitor to ground, keep the
resonant frequeney of the loop thus formed well
up in the v.hf. region: this is important because
it permits using low-inductance parasitic chokes
in shunt with the suppressor resistors, and thus
tends to keep the r.f. plate current at the regular
operating frequencies out of the resistors. With
other tank grounding arrangements originally
tricd, larger parasitic chokes had to be used and
it was impossible to prevent the resistors from
burning up when operating on 10, 15 and even 20
meters. Now they do not overheat on any fre-
queney, and v.h.f. parasities are nonexistent —
although without the suppressors the parasities
are only too much in evidence.

The output loading capacitors, (3 through
Cy, are mounted toward the rear so the leads
from the tank coil ean be kept as short as possible.
Alength of copper strip is used between the eoil
and the stator of ('s; originally this lead was No,
14 wire but on 10 meters the tank current was
cnough to heat it to the point of discoloration.
‘The ground lead from the fixed units, made to the
rear hearing conneetion of (3, is also copper
strip. ('3 and Sy are operated through extension
shafts, using Millen flexible couplings to stmplify
the alignment problem.

Underneath the chassis, each 811A grid is
bypassed direetly to the socket-mounting serew
nearest the plate choke (right-hand side of the
socket in Fig. 6-70). The d.e. leads have small
chokes, RFC'y and RECy, with additional bypasses
for good r.f. filtering, particularly at v.h.f. since
grid reetifieation generates harmonies in  the

TV bands. The filament choke, RFCY, is mounted
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so that the filament side is close to the filament
terminals on the tube sockets: the other end is
bypassed direetly to the chassis,

The shielding around the amplifier consists of
two picees of sheet aluminum and a perforated
aluminum (“do-it-yvourself” type) cover having
the shape of an inverted UL Fig. 6-69 shows how
the rear wall is made. tts edges are bent to pro-
vide flanges for fastening the cover with sheet-
metal serews, and there ix a similar flange pro-
jeeting to the rear at the hottom for fastening
the wall to the chassis, The front piece extends
the full height of the panel and is identically
drilled and cut out for meters and controls. It has
flanges at the top and extending down the sides
from the top to the chassis. The cover itsell ex-
tends down over the sides of the chassis for about
one inch. Numerous serews are used for fastening
the cover, to prevent leakage of harmonies.

The shiclds over the meters are made as de-
seribed in the eaption for the inside top view.
Meter leads are bypassed to the shield boxes
where they cmerge.

Construetion of the directional coupler par-
allels that given for the antenna coupler in
Chapter Thirteen.

Operating Conditions and Tuning

The voltage delivered by the power supply is
approximately 1500 volts with no drive and with
the tubes taking only the no-bias static plate
current, which is about 60 ma. At the full load of
350 mi. the voltage is slightly under 1400, Op-
timum operating conditions for 1400 volts at 350
ma. peak-envelope power input as an s.x.h, Hnear
eall for a peak-envelope grid current of 60 ma.
The peak-envelope tube power output ix close to
350 watts under these conditions. The same oper-
ating conditions are also about optimum for ¢.av.

The behavior of the eathode current when

tuning a grounded-grid triode amplifier is some-
what confusing, and the meter is principally
useful as a cheek on operating conditions rather
than as a tuning indieator, The best indieator of
proper tuning of the plate tank eapacitor is the
forward-power reading of the direetional coupler.
For any trial setting of the loading controls and
driving power, aliways set the plate tank eapacitor
control at the point which results in a maximum
reading on the power-output indieator.

The power indieations are only relative, of
course, and the sensitivity control should be set
to give a reading in the upper half of the seale of
the meter.

The objective in adjusting loading and drive
is to arrive at maximum power output simul-
tancously with a plate current of 350 mia. amd a
grid current of 60 ma. — that is. a total cathode
current of 110 ma. when the grid eurrent reading
is 60 ma. The loading is critieal. Hf the amplifier
i« not loaded heavily enough the grid current
will be too high and the right value of total
eathode current either will not be reached or, if
reached, the amplifier will be operating in the
“flattening”’ region as an s.s.h. Hnear. (It can be
operated this way on eaw., however, since lin-
carity ix unimportant here.) If the loading is
too heavy, the grid current will be low when the
cathode current reaches the proper value, but
the efticieney will he low and the tubes will over-
heat.

Getting the knack of it takes a little practice,
but when the job is done right the tubes will
run ecool on all bands in regular operation. Run-
ning kev-down over a period of time may show
just a traee of dark red color on the plates sinee
the input and dissipation are somewhat over
ratings under these operating conditions, al-
though perfectly satisfactory with ordinary key-
ing or s.8.h. voice.

fig. 6-70—In this be-
low-chassis view, the
two filament transfarm-
ers are at the top,
mounted on the chassis
wall. The 811A sockets
are ot the upper left.
The rectangular box on
the left-hand wall con-
tains the FC15 filoment-
choke assembly. The
""Mickey Match” direc-
tianal coupler is at the
upper right. Filter ca-
pacitorsand the bleeder
resistors are in the
lower section. A.c. in-
lets, fuse holder, bias
jack, and the 115-volt
lire TVI filters are on
the bottom chassis wall.




650-Watt Amplifier

A Compact 650-Watt Amplifier

Compactness in the high-power amplifier
shown in PFigs. 6-71 through 6-7¢ is achieved
through the use of germanium rectifiers in the
power supply and tubes of the radial-beam type.
When driven by an exciter delivering about 30
watts output, the amplifier runs at about 650
watts input and gives an output of about 100
watts on c.w. or p.e.p. s.s.h. It covers 80 through
10 meters by means of band switching and has
a fixed 50-ohm output impedance.

Two4X250B tnbes operating Class A B are used
in a grounded-cathode circuit (see Fig. 6-72). No
grid tuning is used, since an exeiter of the size
mentioned will drive the grids direetly across the
110-ohm resistance, L; is a series peaking coil
to inercase the drive on 10 meters, .\ parallel-
tuned tank with fixed-link output coupling is used
in the plate circuit, This system has the advan-
tage that series plate feed can be used, and no
large output capacitance is needed. Tuning is
straightforward and the coupling, once adjusted
holds over a wide frequeney range,

The link circuit is grounded through a remov-
able jumper at the output connector, so that a
balanced load can be fed if desired,

The small 15-puf. capacitor (CRL Type 850),
from the plates to ground, provides a short path
for harmonic currents and Keeps them out of the
output coil. On the 3.5- to 4-Me. range a fixed
100-puf. capacitor is connected across the coil,
so that a proper L-to-C ratio can be maintained
at 4 Me. When switched out of the cireuit, the
coil and fixed capacitor resonate around 5 Me.,
which is sufliciently removed from any of the
other ranges to avoid any difficulty.

The 10-ohm resistor in the B + lead serves as
a fuse in ease of a shorted tube or other fault
that might endanger the power supply.

Power Supply
The plate supply uses two voltage doublers in

L

Fig. 6-71—The panel of this 650-watt
amplifier built by WO9LZY measures
only 10 by 14 inches. Below the meter
are the meter switch, high-voltage
switch and filament/bias switch. To the
right are controls for the band switch
{above) and the tank capacitor (below).

series; see Fig. 6-75. Two 325-volt windings on T
feed strings of germanium rectifiers in full-wave
voltage-doubler connections. Each doubler ea-
pacitance is 160 uf., made up of two parallel 80-uf,
150-volt cartridge type units with eardboard
sleeves, The chassis is lined with insulating ma-
terial under the (5 and g capacitors, since their
outer cans run as high as 41300 volts, The ripple
is around 3 per cent rams., and the regulation
from no load to full load is about 13 per cent.
Sixteen cells are used. Fach group of four eells in
one side of a voltage doubler has two 560 K
resistors connected across pairs of cells to equalize
the reverse voltage drop. Other 560 K resistors
are connected as bleeders only as a safety meas-
ure, since no bleeders are needed for proper
circuit operation. But even with the bleeders, the
capacitors can retain a charge for several minutes,
so be careful!

Grid bias is furnished by a 75-volt winding
on Ty, a hall-wave reetifier and an 80-pf. capaci-
tor. About —40 volts is developed across (g and
applied to the tubes during stand-by periods.
The operating bias is adjustable from —30 to
—60 volts by Ry,

Sereen voltage is taken from the +373-volt
point of the plate supply (Gunetion (7 and ('g).
It is dropped through the 6BEF5 regulator to
deliver o low-impedanee output adjustable from
about 230 to 325 volts at up to 75 ma. Since
this type of regulator will not handle reverse
current, bleeder £y (Fig. 6-72) is provided to off-
set no-signal negative screen current to the
4X250Bs and make the sereen meter read on seale.

When in operating condition, the “reference”
voltage for the sereen regulator is the —90 volt
bins supply. In stand-by condition the reference
is switched down to the tap on f23, thus reducing
the sereen voltage from its nominal 4300 or so
to a lower value, This action, together with the
increased grid biss, insures that the 4X23008s
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Fig. 6-72—Circuit diagrom of the r.f. portion of the amplifier. Unless atherwise indicated, capacitances are in uuf.,
resistances are in ahms, resistars are %2 watt. The 1000-pupuf. plate bypass is o CRL Type 858-S; the 1000-upf. feed-
thraugh copacitars are 500-volt ceramic.

Ci, C2—Faur 1000-puuf. 500-valt disk ceramic capacitors
in porallel.

Ca—115-uuf. vorioble, 2000-valt spacing. See text.

Ci—Twa 25-uuf. NPO ceramic and ane 50-uuf. N750
ceramic in parallel, 7500-valt roting.

J1—UG-291 /U BNC panel jock {Amphenal 31-001)}

J2—S50-239 UHF panel jack (Amphenal 83-1R).

1;1—6 turns Na. 20, ¥%-inch diam., %2 inch lang.

to—4% turns Va-inch capper tubing, 1% inches lang,
1Va-inch diom. Link is 3 turns Na. 16 wire, % inch
lang, Y%-inch diom

Ls3—6 turns Vs-inch capper tubing, 1%z inch lang, 1%e-inch

draw no current in standby condition. In opera-
tion the grid, sereen, and plate voltages all tend
to vary in proportion to line-voltage changes,
The sereen current is measured by switehing
the 0-75 milliammeter across 22 ohms in the lead

diam. Link is 2 turns Na. 12, %2 inch lang, 1Vs-inch
diom.

Ly—8Y% turns Na. 12, 1% inches lang, 2¥%-inch diam. Link
is 3 turns Na. 12, % inch lang, 1V2-inch diom.

Ls—Two cails, see text. Outer is 10 turns No. 12, 1%
inches lang, 2Vs-inch diom. Inner cail is 6%z turns
Na. 12, % inch long, 13%-inch diam., inside plate
end af outer cail. Link is 4 turns Na. 12, Y2 inch
long, 1%2-inch diam.

RFC;— 100-puh. r.f. choke (National R-33-4).

RFCa—21-ph. 600-ma. r. f. chake {Ohmite Z-28).

to the screen-voltage regulator. The resistor
has negligible shunting effeet. For measuring
plate current the meter is switched across a
low resistance Ig, conneeted between the two
sections of the plate supply. Rs was adjusted for

Fig. 6-73—Rear view af the 650-watt
amplifier showing mounting of the
4X2508s and the plate transfarmer.
Shields in the foreground enclose
valtoge-regulatar tubes and o relay.
The shoft protruding from the rear
edge of the chassis aperates
the bios potentiometer.
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Fig. 6-74—Side view
of the 4X250B ampli-
fier showing mounting
of the band switch and
tank coils. The chassis is
perforated for
ventilation.

full-scale meter reading at 750 ma. There is a
maximum of 423 volts between switeh contacets
and 850 volts from contacts to ground.

The stand-by relay Ky is one that plugs into a
7-pin miniature socket. It operates ‘rom 115
volts a.c. and a half-wave power supply. The
input is brought out to two terminais on the
rear of the chassis, where connection is made
across the antenna relay coil.

Construction

The amplifier is built on an 8 X 14-inch chassis
with a 10 X 1t<inch panel. The chassis is 414
inches deep, to provide space for the filter eapaci-
tors and cooling fan underncath. As can he seen
by studying the photographs, the plate power
supply oceupies the left end of the chassis, and
the r.f. circuits take most of the remaining space,
The heater and bias supply is stowed under the
right rear corner of the chassis bhehind the plate
tuning capacitor. The sereen regulator and stand-
by relay are at the rear of the chassis in the center,

The controls are few and simple. The band
switeh has four positions, for the 80-, 10-, 20-
and 15 and 10-meter bands, Other controls are
the plate tuning eapacitor, plate-current /serecn-
current meter switch, power and plate voltage
switches,

The plate tank capacitor is one from a BC-
375 tuning unit, mounted under the chassis on
four ceramice feed-through bushings. (Any other
capacitor of equivalent rating, such as the John-
son  135-1 may be substituted.)  Four holes
were drilled and tapped in the 4-inch square
frame rods on the right-hand side of the ca-
pacitor, and 6-32 threaded rod was screwed into
the holes and passed through the insulators,
The four serews project above the insulators at

the top of the chassis, where the B+ ends of the
plate eoils conneet to them via copper strips.
An insulated shaft extension goes through the
punel to the tuning knob,

The wire from each coil was wrapped around a
pipe of suitable diameter. Four Plexiglass strips
were drilled with elearance holes at the desired
spacing, then the coil wire was fed through the
holes. The SO-meter coil was made with two
concentrie seetions in series to get enough in-
ductance into the available space, The 80- and
40-meter links were also threaded through strips,
while the 20- and 10-meter links are self-support-
ing. All links are a push fit inside the insulating
strips of their respective cotls, and are held with
a drop or two of cement after adjustment,

The two band=switeh wafers are cach single-
pole, t-position, 60-degree throw (Communica-
tions Products Co,, Type 86), A 60=degree index-
and-shaft assembly from an Oak Type H switeh
was used, The rest of the switeh was made up
from 6-32 threaded brass rod, Y4-inch o.d. tubing,
1/16-inch alumicum sheet, and miscellancons
ceramic spacers and fiber washers from junked
rotary switches,

The front wafer switehes the plate coils. The
links are connected to the rear wafer through
RG-38/UT cable, except the 80-meter link which
goes direct, The cold sides of all links are soldered
to a strip of copper running around the wafer,
supported by 2-56 serews through the unnsed
loles between contacts, The uh.f-type output
connector is mounted on a strip of bakelite fas-
tened to the vear switeh bracket: its shell is
grounded through a couple of solder lugs shown.
T» weighs about twenty pounds: the chassis
should bhe at least 0.08-inch aluminum to be
strong cnough to carry it.
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Fig. 6-75—Circuit of the power supply. Unless otherwise indicated, resistances are in ohms, resistors are V2 watt,

B,—3250-r.p.m. motor with 4-inch fan blade (Rotron* 92-
AS motor).

7, Cs—Two 80-uf. electrolytics in parallel
(Sprague TVA-1716). Insulate as described in
text.

CR;—CRy—Four 500-ma. 300-volt peak inverse (IN153
or equiv.).

CR;—100-ma. 380-volt peck inverse.

CRg—65-ma. 380-volt peak inverse (Federal 1002A).

li—150-ma. 6-8 valts (GE No. 47).

Ki—5000-0hm coil, 4 ma. pull-in {Terado Series 600 or

*Rotron Mfg. Co., 7 Schoonmaker Lane, Woodstock,

New York.

204

Cs Cs,

equivalent).

R:— 2-watt linear potentiometer (Ohmite CU-1021).

R4—2-watt linear potentiometer (Ohmite CU-2541).

Sz, Sa—15-omp. 125-volt toggle (Cutier-Hammer 7501-
K13).

Si—Two-pole 2-throw 60-degree throw ceramic rotary
switch, non-shorting. See text.

T1—6.2 volts at 5.5 amp., 6.3 volts at 1 amp., 75 volts ot
100 ma. (Forest Electric Co.** T-423).

T:—Two-secondaries, each 325 volts, 1 amp. (Forest™*
T-412).

**Forest Electric Co., 7216 Circle Rd., Forest Park, (ll.
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Fig. 6-76—This bottom view show the
ventilating far, tank capacitor, rectifier
stacks and filter capacitors.

A bottom cover and a per-
forated-metal shield over the
top, sides and rear should be
added, for safety as well as TVI-
proofing. An opening should be
cut above the r.f. tubes and cov-
ered with hardware cloth.

Cooling

Ilach 4X250B tube requires at least 3.6 cubic
feet of air per minute through the anode cooler.
The base also requires some air. The tube is
ordinarily mounted in an Limac “air-system®”
socket so that the air flows first over the base,
then through the anode cooler. This leads to a
fairly large pressure drop, which is ordinarily
considered to require a centrifugal blower. Since
a blower of this type requires considerable space,
the design has been altered to permit the use of
a fan. Only the insulating rings and contacts
from Eimac sockets are used, mounted by the
cathode tahs in oversized holes in the chassis,
Many small holes are drilled in the chassis to
provide additional air passage. A small aluminum
housing above the chassis directs all the air
through the anode coolers. 1t comes to within 1§
inch of the anode coolers. The opening is closed
by a piece of Fiberglas-base plastic fitting on top.
It comes to within L inch of the tubes, so that
a small amount of the air flows around the
outside of the coolers.

All of the left end and part of the right end of
the chassis are perforated by 3g-inch holes. The
air drawn in by the fan passes over the plate
rectifier fing and past the heater transformer.
The whole air path is direct and free from large
obstruetions and sharp bends,

The fan is a 4-inch blade driven by a Rotron
Mfg. Co. Type 92-AS motor at 3250 r.p.m. It
is mounted in a hole 414 inches in diameter in
the grid housing, with about 14 of the blade thick-
ness projecting into the housing. The motor is a
capaeitor-run type. The L-uf. 600-volt phasing
capacitor mounts ou the side of the grid housing.
The motor, housing and capacitor can be removed
as a unit, leaving only the front and rear walls of
the hovsing in place.

Under the conditions deseribed, the pressure
vs. flow eurves of the fan and of the tubes indicate
that somewhere around 10 e.f.m. of air is de-
livered. This is entirely ample for the pair of
4X250Bs. Since the only major source of heat is
the tubes, and since this heat is quickly removed
by the air, the whole amplifier runs at a satisfac-
torily low temperature,

Operation

For Class AB. operation, the screen voltage
is sct at 300 volts, and the grid bias at a point
(about —40 volts) where the tubes draw 150 ma.
without drive. When operating and fully loaded,
full output from an HT-30 or similar exciter
should swing the plate current to approximately
400 ma.

The various links are of approximately the
right inductance to couple to a 50-ohm load.
They must be quite tightly coupled to their
plate cois. When properly positioned with a
50-ohm load connected, the plate current dips
10 or 15 ma. as the plate capacitor is tuned
through resonanee with r.f. drive applied. Once
adjusted, these links are left alone. The anteuna
is tuned with the aid of an s.w.r. bridge to present
a 50-ohm load to the amplifier. The amplifier
should not bhe operated without a suitable load

Operation is now very simple. The heaters are
warmed np for at least 30 seconds. With the
plate power switch off, the band switch is set to
the proper range. The exciter is tuned up to give
c.w. output. (Not more than 40 volts r.m.s.) The
plate power is turned on aud the plate eapacitor
tuned to the plate current dip, or to maxiniun
indicated output if a Micromatch is being uscd.
The exciter is then set to give the type of output
desired.

(Originally described in QST for Sept. 1958.)
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4-250-A’s in a 1-Kw. Final

The amplifier shown in the accompanying
photographs uses two 4-250As in parallel and
covers 3.5 to 28 Me. with complete band-switch-
ing. The output eireuit is a pi network designed
for working into reasonably well-matehed 52- to
7H5-ohm coaxial lines. The amplifier ean handle
a kilowatt input in Class C operation on cither
phone or c.w. without pushing the tubes to their
limits. It ean also be operated as a linear amplifier
for single side band.

The various components are mounted on a
17 X 13 X 4-inch aluminum chassis attached to a
standard 19-inch relay rack panel 1534-inches
high. The above-chassis seetion 1s enelosed in a
111 5-inch high shield made from L g-inch sheet
aluminum. An aluminum bottom plate completes
the below-chassis shiclding, Lnelosing the am-
plifier in this way, plus the use of shielded wire
and filters in the supply leads, takes care of the
harmonie TVI guestion.,

The 4-250As are cooled by foreing air into the
chassis and thenee up past the tubes by means of
a 21 cu. ft. per minute blower. The air is ex-
hausted through two 3-inch diameter cireular
openings over the tubes in the top cover. To
maintain the shielding intact, these are covered
with perforated aluminum,

A Barker and Williamson Model 850 band-
switching pi-tank inductor is used in the output
circuit, It is tuncd by a vacuum variable ca-

Fig. 6-77 —A 1-kw. final using a

g i o

pacitor operated through the counter dial (Groth
TC-3) shown in the panel view

Circuit Details

The cireuit, Fig. 6-78, is clectrically the more-
or-less standard arrangement of a parallel-tuned
grid circuit and a pi-network output eiveuit. The
amplifier is neutralized by the eapacitive bridge
method. A filament transformer is included, but
all other voltages come from external supplies,

The grid input cirenit of the amplifier uses a
slightly modified B&W turret assembly. The grid
coils are tuned by a 75-pul. variable. The 20-, 15-,
and 10-meter coils each must have a few turns re-
moved for proper grid tuning on these bands.

The cireuit includes a 2000-ohm grid leak and
has provisions for external bias, which should be
used in combination with the leak. The bypass
capacitors on the sereen leads all earry o rating
of 1600 volts. This rating is necessary to avoid
capacitor breakdowns when operating the am-
plifier sereens at their rated voltages for Ay
operation, and also with plate-modulated Class C
operation where the 600-volt rating of the smaller
ceramice capacitors would be exceeeded on modu-
lation peaks. All of the 0.001- and 0.003-gf, ea-
pacitors are the disk type, and aside from the
sereen bypasses are used mainly for filtering
TV harmonices from the supply leads.

The bypass capacitors in the high-voltage lead

pair of 4-250-A’s in parallel.
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Fig. 6-78—Circuit diagram of the 4.250A amplifier.
B; —Blower-motor assembly, 21
8433).
C1—75-puuf. variable, receiving spacing (Millen 19075).
C2—7-upf. neutrolizing copacitor (Cardwell type ADN).
C3—300-uuf. vacuum variable (Jennings type UCS).
C4+—1500-uuf. variable (Cardwell type 8013).
C5~—220-uuf. mica or NPO ceramic.
Ji, Jo—Coax receptacle, chassis mounting.
Li—Turret assembly (B&W BTEL with 14-, 21-, and
28-Mc. coils modified by removing turns).
3.5 Mc.: 39 turns No. 22, 1% inches diom., 1%
inches long, link 3 turns No. 18.
7 Mc.: 20 turns No. 20, 1% inches diam., 1W
inches long, link 3 turns No. 18.

cfm. (Ripley model

are the TV high-voltage ceramice type, as is also
the blocking capacitor in the tank circuit, The
loading eapacitor, (4, in the output circuit of the
amplifier is a variable having enough range
(1500 puf. total capacitance) to give adequate
loading on 80 through 10 meters when working
into a 52- or 73-ohm resistive load.

Plate current is metered by a 0-1 ammeter
shunted across a resistor in the negative high-
voltage lead. As shown in Fig. 6-78, this resistor
is incorporated in the power supply, not in the
amplifier unit. A 30-watt rating represents an
ample safety factor, since the power dissipated
would not exceed a few watts should the am-
meter open up.

Separate milliammeters are provided for the
grid and sereen circuits, The sereen meter is
quite essential since the sereen current, and
henee screen dissipation, is very sensitive to grid
driving voltage and plate tuning.

Layout Details

Fig. 6-79 is a view looking into the amplifier
with the top cover removed. The variable eapaci-

003 1
1600V =~
MDo-zso MA
003 + ! BLEEDER
1600V 1 ! DETAILS
” 1 (IN POWER ~HY
. Rchlf :( SUPPLY) .
i 1 sro0n!
003 ) sow !
T : :
£ (Lo oo ooooo0 J

SCR%EN +HV
14 Mc.: 8 turns No. 18, 1% inches diom., %
inch fong, link 2 turns No. 18.
21 Mc.: 4 turns No. 16, 1% inches diom., Y2
inch long, link 1 turn No. 18.
28 Mc.: 2V2 turns No. 16, 1Y% inches diom., 2
inch long, link 1 turn No. 18.
Lo—V.h.f. parasitic suppressor, 4 turns No. 12, Y4 inch
dia., turns spaced wire diometer.
La—Pi-tank inductor (B&W Model 850). Inductances as
fallows: 3.5 Mc., 13.5 ph.; 7 Mc., 6.5 ph.; 14 Mc.
1.75 p; 21 Mc., 1 ph,; 28 Mc., 0.8 ph.
RFC,—Notional type R175A r.f. choke.
RFC2—2-uph. 500-ma. r.f. choke (National type R-60).
RFC3—2.5-mh. r.f. choke.
Ti—Filament transformer, 5 volts, 29 amp. {Thordarson
T-21FO7-A).

tor at the right is the output loading control, C4.
To the left of C4is the Model 850 inductor unit.
Immediately to the rear (below, in the photo-
graph) of the inductor is the output lead, con-
neeted to a coaxial receptacle mounted on the
rear cover, The vacuum variable, (3, is mounted
between the inductor and the 4-250As, 1t is sup-
ported by an aluminum bracket 6 inches high
and 4 inches wide. The neutralizing capacitor
(s is between the 4-250As and the front panel.

The grid turret and tuning ecapacitor are
mounted underneath the chassis to take advan-
tage of the shielding afforded thereby. To fit
under the ehassis the turret is mounted with
the switeh shaft vertical, necessitating a right-
angle drive to the panel control. The shaft ap-
proaches the panel at an angle, so a flexible
coupling of the ball type (Millen 39001) is used
between the shaft and panel bearing.

The meters are in a separate enclosure measur-
ing 11 X 3 X 3-inches. 1t is mounted to the front
of the box by eountersunk flat-head scerews, The
top lips of the meter box are drilled to take sheet-
metal screws when the lid is in place.
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e

Fig. 6-80 (below)

Fig 6.79 (above)




1-Kw. Amplifier

Fig. 6-81

Connections to the tube plates and neutralizing
capacitor are made from fexible brass strip 1o
inch wide. A picce of #-ineh wide brass strip is
used for the eonnection between the stator termi-
nal of the vaeuum variable and the tank indue-
tor. The blocking eapacitor is mounted on this
strip.

Fig. 6-80 shows the amplifier with the top and
back patels removesd. The blower assembly is
mounted on the rear ehassis wall, To the right of
the motor is the high-voltage terminal, the 115-
volt conneetor, the grid and sereen terminals,
and the high-veltage negative connector. Leads
from these lngt three terminals run below chassis
in shiclded wire and then up to the meter box.
These leads are visible in front of the loading
capacitor, Belden 8885 shiclded wire is used for
the leads. The inner conductor is bypassed to the
shicld hraid at eaeh end. The 2.5-mh. “safety”
choke, RECy, shunting the output end of the pi
network is mounted on the back of the tank eoil
between the output iead and chassis ground.

The isolantite feedthrongh insulator to the left
of the inductor is used to bring the high veltage
through the chussis, Adjacent to it is the bypass
at the bottom of the plate choke, RECy,

Mounting details of the right-ungle drive as-
sembly for switching the grid cirenit are dearly
visible in Fig. 6-81. A Vo-ineh square rod 234
inches long is drilled and tapped at both euds to
support the drive.

The sockets for the 1-250As are mounted on
one-inch isolantite pillars, The sereen and fila-
ment terminals are bypassed direetly at the soe-
ket terminals, The grid terminals on the sockets
fiee each other, and a small feedthrough is used
to bring the grid lead up through the chassis.

iz, 6-82 is a bottom view of the amplifier and
Fig. 6-83 is o close-up view of the grid cireuit, A
short fength of RG-58/U is used to conneet Jy on
the rear chassis wall to the link terminals on the
turret assembly. The high-voltage lead is filtered
by the 500-guf. ceramic bypass and RECs These
two components are visible on the inside of the
rear wall above the blower assembly, Two-
terminal tie-points are used for the a.e. connee-
tions to the filament transformer and blower
motor, Shiclded leads are used between the tie-
points and the T-volt connector.

IMigz. 6-83 shows the grid-cireuit wiring in a bit
more detail, particularly the grid choke, grid
resistar and g clustered just above the tuning
eapacitor. The modifications to the 10- and 15-
meter coils also are somewhat more easily sceen
in this photograph.

Adjustment and Operating Data

The amplifier should be neutralized with the
plate and sereen supply leads disconneeted and
the bandswiteh set to 28 Me, An indicating wave
meter should be coupled to the tank cirenit and
drive applied to the amplifier. Resonate the grid
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and plate tanks and adjust the neutralizing
capacitor for minimum r.f. in the tank eireuit as
indicated by the wave meter. The same neu-
tralizing adjustment should hold Tor all bunds.
Don’t attempt to neutralize with the plate and
sereen supply leads  connected — e, with o
complete eireuit for doe, — beeause even with the
power turned off this permits cleetrons to flow
lrom the cathode to the plate and sereen, and
rd. will be present that cannot be neatralized
out.,

The parasitic choke willy in general, resonate
the plate lead in one of the low v.iuf, TV chan-
nels, and will tend to inercase harmonie output
in that channel. Measure the resonant fregneney
of the plate lead at Lo with a grid-dip meter, and
if it is in oue of the channels reecived in your
locality, either pull the turns apart, or squeeze
them together to move the frequeney 1o an un-
used channel, Any frequeney from 70 to 100 Me.
should be satisfactory.

Power Supply

For 1 kw. input, a plate voltage of at least 2000
is required. Sereen voltage is obtained preferably
from a separate 400-volt supply. For Class C
operation, an external hias supply regulated by
a VR-150, plus o grid lealk of 2000 ohms is recome-
mended, With this combination. the grid current
should be 25 ma, Rercen current should be about
60 ma. with the amplifier fully loaded,

Some =ort of r.f. outpmt indicator, such as a

Fig. 6-82

ervsial-reetifier voitmeter or v f, ammeter in the
feed line, shonld be nsed in tuning. It is preferable
to ao the preliminary tuning with the plate
voltage applied to the tubes bat with the sereen
voltage at zero, Zero sereen voltage, provided the
d.e. sereen cireait ix complete, will give enough
output for tuning adjostments, Oy and Cy are
adjusted to give maximum output, and the sereen
voltage ix then ineteased until the ampaifier s
running at the ddesived input, 3 i of course
tuned fon the plate-current dip so that the am-
plificr tunk ix kept taned to resonance,

The fixed values of inductance wvailuble in the
B&W unit preelude the possibility of madching
over o wide rangr of impedances, The cirenit
can handle an sawvr, in the eoax fine of
about 2 to 1, but with higher s
vilues it may not he possible to gt the
desited tonding, Also, althongh the con-
struetion is such that the amplifier is
“elean ™ inzofar as direet rediation and
leakage of harmonies in the TV bhands
are coneerned, a good low-pass filter
will be required in most installations, A
low sav. e iu the coanx line is definitely :
requirement. 11 exeessive build-up  of
currents or voltages in the flier is to be
avoided. I the line cannot be maiched
at the antenna, an aux hary antenna
coupler will have to he used.

Fer plate modulation a0 choke coil
may be connected in the doelsereen lead
20 the sereen voltage will follow the
audio vartations in plate voliage. The
choke should have an indu tanee of
abeut 10 henreys, and must be eapable
of carrving 125 ma. e, for Class A3,
operation on single side band the civeuit
may be It intaet, the only reauirement
being to supply the proper operating
voltages Trom =uitably well-regn'ated
supplies, 17 the amplifier is 10 be
operated s ABy on s by the grid-leak
resistor should be shorted out; udso,
suitable loading <hould be applicd to
the grid tank to maintain good regula-
tion of the v.f. deiving voltage.

(From QST June, 1656.)



A VF.O.

A VF.O. With Differential Keyer

Figs. 6-84 through 6-8% show a v.fo, with
output on either 3.5 or 7 Me. Ineluded s g
ditferential system for keving the control grid
of an amplifier. The diggram i <hown in Fig,
G-86. One section of a 12AT7 is used in the Vackar
oscillator eirenit, while the =econd seetion is
used as a eathode follower driving a 5763 ampli-
fier /doubler. Sy =eleets either of two frequeney
ranges — 3.5 to 1 Me, for use in the 8O-meter
band, and 3.3 to 3,65 Me. for multiplving to the
higher-frequeney: bands, Tf only the fiest range is
desired, € and €3 may be omitted aad the stators
of s and €'; conneeted to the junetion of €5 and
L. 1f both 3.5- and 7-Me. output is desired, the
two coils can be put on a switeh seetion ganged to
Sr.

To avoid chirp and permit mtl break-in e,
operation, o differential keving svstem is used.
Grid-block Keving of an amplifier stage bevond
the v.f.o. unit i provided by the negative power
supply (6X3 reetifier), the 170K resistor, the
33N resistor Ry, and the O.1-gf. eapacitor (.
The 6J5 eathode follower and the 0A2 control the
oscillator. A eomplete deseription of the cirenit
operation will be found in Chapter Eight. Open-
ing N turns on the oscillator for “frequency
spotting”” purposes,

Construction

The unit is built on a 7 X 12 X 2-inch alumi-
num chassis that will fit inside an 8 X 1115 X
8! {-inch cabinet (Bud C-1717). The panel is
8 by 12 inches and the dial is a Millen 10035,
Before mounting the components, it is advisable
to =tiffen the chyssis against vibration by fasten-
ing two lengths of aluminum angle stock run-
ning lengthwise against the under surface of the

Fig. 6-84—The v.f.o. unit mounted in its cabinet. Holes
are drilled in the dial cover to accommodate the switch
shafts. At the right, a poker chip has been cemented to the
v.f.0. set push-button switch so that it con be operoted
while tuning the v.f.o.; this makes frequency-
spotting a one-handed operation.

chassis. Several machine serews should be used
with cach,

The v.if.o. tuned-circuit components are en-
closed ina 1 X 5 X ti-inch aluminum box. This
should also be stiffened with lengths of angle
stock, one strip running under the top of the
hox, and one externally along each of the side
COVers,

The coil is supported on 215dneh ceramie
pillars (Millen 31002). The tuning capacitor g
is clevated above the bottom of the box on an
aluminum bracket so that its shaft will line up
with the dial, The band spread switeh Sy is
mounted in the bottom of the hox, to the
rear of the coil, with its shaft vertical, The
shaft is controlled from the panel by means of
a National RAD right-angle drive and a “uni-
versal-joint” tvpe shatt coupler (Millen 39001),
as shown in the hottom-view photograph.

The three trimmer eapacitors are mounted in
the top of the hox. €3 is submounted so that its
shaft, which is at high r.f. potential, will not
protrude from the hox. It 15 adjusted with an
instlitted serewdriver through a hole in the top
of the box. (5 is an air trimmer used here as a
fixed capacitor. 1t is mounted on a bracket fas-
tened to the hottom of the hox, under the eoil,
and =et at maximum eapacitanee,

The box should be placed on the chassis so
that an extension of the shaft of the tuning ca-
pacitor will line up with the dial. This places
the box somewhat off center,

Power-supply  components  are  mounted  at
the left-hand end of the chassis as viewed from
the rear, The power transformer, plate and bias
reetifiers, voltage-regulator tubes and filter choke
Ls are placed on the top side of the chassis, The

Fig. 6-85—Rear view of the v.f.o. unit. Power-supply
components are to the left of the tuned-circuit compart-
ment, and r.f. and 615 tubes to the right. The three screws
along the center line of the box are used to fasten g stif-
fening strip of angle stock inside. Similar strips
should be fostened ogainst the side covers.

e
-
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3.5Me.

CATH. FOL.

AMPLIFIER

5763 3.5Mc.

S.M - SILVER MICA
M MICA
SPFCIFIED : ANY TYEE

NO

nsvac

75ma

12AT7 5763

,\3;\;\, KEYED "
Y AMPLIFIE
T SR

470K ( I :5
-+150 4300

450V,

12h
75ma.

Fig. 6-86—Circuit diogram of the v.f.o., with its power supply ond the keying system. Except as otherwise indicated, fixed
resistors are /2 watt, capacitances are in uuf., resistances are in ohms. Capacitors marked with polarity are electrolytic,

Ci, Co—75-upf. varioble (Hammarlund APC-75).

Ca—100-uuf. varioble (Hammarlund APC-100).

Cs—25-puf. variable (Millen 20025).

C5—>50-puf. (Hammarlund APC-50); see text.

Cs—0.1-uf. 600-v. tubular, part of shaping circuit.
Mounted in amplifier.

J1—Coax connectors, chassis mounting.

L1—30 turns No. 16, 1% inch diameter, 10 turns/inch
{Airdux 1410T).

L2—3.5 Mc.—72 turns No. 22 enam., close-wound on
%'’ diometer slug-tuned form (Waters CSA-
1012-1-WH).

212

7 Mc.—40 furns No. 22 close-wound on same
form as above; 5-turn link.

L3—10 turns, wound on cold end of, but insulatea from, L2,

Li—10 hy., 50 ma. (Triad C-3X).

Ls, Ls~—12 hy., 75 ma. (Triad C-5X).

Ri—33,000 ohms, part of shaping circuit. Mounted in
amplifier.

S1—Miniature rotary, 2-position (Centralab PA-2001).

S2—Normally-closed push-button switch (Switchcraft 1002
modified with o longer shaft so as to extend
through the main dial housing).

T1—700 v. c.t., 90 ma.; 5 v., 3 amp.; 6.3 v, 3.5 amp.
(Triad R-11A),

T>—6.3-v. 0.6-ampere filament transformer.



Fig. 6-87 —The v.f.o. coil is mounted on ceramic pillars. The tuning capacitor Ci can be seen behind the rear pair of
insulators. The air capacitor Cs is partially hidden by the 1000-uuf. silver mica capacitor below the coil. No. 14 wire is
used between the switch and the coil and capacitors. In the foreground, transformer
and tubes have been removed to show the adjusting screw of Lz,

bias filter choke, the plate filter choke g and
the filter capacitors are underneath. Lg mounts
with the same serews used for mounting L
above. Several g-inch holes should be drilled
in the chassis in the vieinity of the power-supply
components to help ventilate the under side of

U At

W

| I

s —

the chassis,

The v.fo./cathode follower, amplifier and
6J5 tubes and their associated cireuit components
are at the left hand end of the chassis. The v.f.o.
tube is close to the panel, followed by the 5763
amplifier, 75 and 6J5 cathode follower, The slug-

d

Fig. 6-88—Bottom view of the v.f.0. unit. The right-angle drive, right of center, drives the band-spread switch S). The small
sections of aluminum angle stock are stiffeners added after the components
were mounted. The method suggested in the text is preferable.
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tuned coil Le is mounted alongside the 5763.
It ean be adjusted from the top of the chassis,

Along the rear edge of the chassis are a con-
neetor for the a.e. line, connectors for conneeting
a remote switeh in parallel with S., for the key,
for the keved amplifier grid, and a coaxial con-
nector for r.f. output,

Large rectangular ventilating holes are cut in
the lid of the cabinet and then backed with
patehes of Revnolds perforated aluminum, If this
detail is omitted, the temperature rise of the unit
may eause considerable frequency drift.

Adjustment

In adjusting the v.fo. frequeney ranges, first
set Sy to the 80-meter position, With the dial set
at zero (('y at maximum capacitanee) adjust (g
for a signal at 3500 ke, on a calibrated receiver,
Then, with the dial of the v.fo. set at the upper
region of the seale, the signal should be heard at
4000 ke, If it is impossible to reach 4000 ke. with

the v.f.o., the coil should be trimmed a part of
a turn at a time,

In adjusting the second range (3500 to 3650
ke.), turn 8y to the 7 — 28-Me. position. Set ('3
temporarily at about half capacitance, Then,
with the v.l.o. dial set at zero, adjust 'y until a
signal is heard at 3500 ke, Then check the v.f.o.
frequeney at the upper end of the dial. If the
range does not go up to 3650 ke., (3 should be
inereased a little and 'y deereased to bring 3500
ke, at zero on the dial. If the tuning range goes
above 3650 ke, (4 should be deereased, and Yy
increased. A few trial settings should vield the
correct range. The only other adjustment of the
r.f. circuit is resonating the slug-tuned output
coil, If set in the center of the tuning range, out-
put should be reasonably constant over the entire
ange,

Adjustment of the keyving cirenit shoutd be in
accordance with the factors mentioned in Chapter
Ilight in conneetion with grid-block keying.

THE VACKAR VFO CIRCUIT

The Vackar variable-frequeney oseillator appears to have
sotne advantages over the usual Clapp cirenit.! In the latter,
the output amplitude varies greatly with frequeney, In the
Vackar eireuit, the output varies only a little with fre-
queney. The useful frequeney range of the Clapp circuit is
about 1.2 to 1; in the Vackar it is abont 2.5 to 1. The first
of these advantages should be of interest to amateurs,

My friend and colleague, Mr. James B, Ricks, W4TO,
has pointed out that the 6AGT is not the best tube to use
for a series-tuned VFO; indeed the several papers originally
deseribing these eircuits invariably show triodes, The best
tube is that one which has the lowest ratio of change of
input capacitance to its mutual conductance. The operating
mutnal conductance for the eathode, control grid, and sereen
grid of a 6AG7 (as typically used as an oscillator) is low,
despite its high value for the normal grid-to-plate circuitry.
Also, it has a high input capacitance and high heater and
plate power inputs. In consequence, this tube is not ideal for
the purpose.

A small dual triode, the 12AT7, offers higher oscillator
gm in ohe triode section, lower input eapacitance, and
ahout one third the heater and plate power inputs required
by the 6AG7. In consequence, it is 4 superior tnbe for series-
tuned oscillators, The output voltage will be lower for the
120717, naturally, but a tube should not be evaluated for
VIO use on the basis of power output,

WHTO has adapted the Vackar cireuit to an amatear VFO
with output on 80 nieters using the 12A°T7 in the ecircuit of
Fig, 6-8%. The first triode unit and its associated components
form the oscillator proper; the other triode unit is a cathode
follower which reduces loading effeets on the oscillator fre.
queney. T'wo of these VIO units have been made and tested;
their frequencey stability is execllent, and they key well. The
ontpmt r.f. was measured as 1,2 volts r,m.s, using a General
Radio v.t.v.m. The total current from the 253-volt regu-
luted B supply was 16 ma,, key down,

In series-tuned oscillators of the Clapp or Vackar type
the characteristies of the series eapacitor Cx are critieal if
the oscillator is to be keyed. An annoying chirp, slight but
detectable, was finally traced to imperfeetion of this ea-
pacitor, even though it was a low temperature coeflicient
silvered mica one, Several silvered micas of good make were
tried; they all produced slight chirp, some less than others.
A so-called zero temperature coeflicient (NPO) ceramie
capacitor gave less chirp (very little, in fact), but the chirp
was eliminated by using an APC air trimmer for Cx. Appar-
ently, there is enough r.f. current through C: to cause di-

FClapp, J. K., “Frequeney Stable LC Osecillators,
DProc., of the 1.IL.E., Aug., 1954, Vol. 42, No. 8, page 1245,
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Fig. 6-89—Vackar series-tuned v.f.0. circuit at W9TO. The
tube is a 12AT7 dual triode. R.f. output from the cathode-
follower second section is 1.2 volts r.m.s.

Ci, Co—Silver mica.

Cy, Cy, C;—Mica

C —APC qir variable.

Other copacitors are chramic.

electric heating and a small resulting change in capacity
even in these high-grade capacitors. This was confirmed
indirectly by using for C'x a negative temperature coeflicient
(NT750) ceramic eapacitor. The chirp waus tremendous!

Of course, the series capacitor is not the only possible
cause of chirp; poor plate voltage regulation or a long time
constant in the keying circuit might also contribute. To
avoid this, the plate supply should be regulated, and series
resistances and shunt eapacitances in the keying cireuit
should be kept to a minimum,?

The eireuit shown will key eleanly withous chirp; with
the constants shown it will be somewhat clicky, due to
turning on and off rapidly; this makes it very desirable
for usc in a differential keying system in which the osciltator
is turned on before the amplifier, and the amplifier is turned
off before the oscillator. — WIIK

2The chirp discussed in the preceding paragraph evie
dently is a slow one attributable to temperature effects.
A chirp of the “dynamic” type often manifests itself as a
click when the time constant of the keying eireuit is very
short, becoming observable as a chirp when key-thump
elimination methods are used, — Ko,

This material originally appeared in QST for November,
1955, — Eb.




Converting Surplus

Converting Surplus Transmitters for Novice Use

War-surplus  radio  equipment, available in
many radio stores, is a goo souree of radio parts.
Some of the transmitters and receivers ean bhe
made to operate in the amateur bands with little
or no modification. It would be hard to find a
more economical way for a Novice to get started
on 40 or 80 meters than by adapting a normally-
v.f.o.~controlled surplus “Command Set” to
eryvstal control,

The “Command Sets” are parts of the SCR-
274N and AN/ARC-H equipments, transmitters
and receivers designed for use in military aireraft,
The two series are substantially identical in eir-
cuit and construetion, Of the transmitters, two
are of particular interest to the Noviee. These
are the BO-696 (part of 274N) or T19 (ARC-H)
covering 3 to 4 Me., and the BC-459 or T22,
7 to 9.1 Mec. The transmitter eircuit consists of a
1626 triode variable-frequeney  oscillator  that
drives a pair of 16255 in parallel, which for Noviee
use can he run at 75 watts input. In addition to
the 1626 and 1625s the transmitters include a
1629 magic-eve tube, which was used as a reso-
nance indieator with a ervstal for cheeking the
dial ealibration. The tubes have 12-volt heaters
conncected in series-parallel for 24-volt battery
operation. The BC-696 and 459 are available
from surplus dealers at prices ranging from five to
fifteen dollars cach, depending on condition,

Several methods have been deseribed for con-
verting the transmitters to erystal control for
Noviee use, but most of them didn’t take into
consideration the reconversion required to change
back to v.f.o. when the Novice beeame a Gen-
eral-Class license holder.,

In the modification to be deseribed, the Noviee
requirement for erystal control is met by using
a separate erystal-controlled oseillator. The out-
put of the external oscillator is fed into the trans-
mitter through a plug that fits into the 1626
oscillator socket. The 1626 is not used. The trans-
mitter modifications are such that when it is
desired to restore the transmitter to v.f.o. opera-
tion the external oseitlator is unplugged and the
1626 is put back in its socket. No wiring changes
are needed to go from eryvstal control to v.f.o,

In addition to the external oscillator, a power
supply is required for the oseillator and trans-
mitter (Fig. 6-90), and certain wiring changes are

Fig. 6-90—The complete Novice setup, in this case using
the 80-meter (BC-457) transmitter. Note the key jack at
the lower-left corner of the transmitter panel. The crystal
oscillator is connected to the transmitter oscillotor-tube
socket with a short length of cable terminating in an octal
plug. A small notch should be cut in the transmitter cover to
provide clearance for the cable when the cover is installed.

The power transformer, rectifier, and choke are mounted
on top of the power-supply chassis at the rear, and the
control switches are mounted on the wall as shown.

Remaining components are underneath,

necded to make the transmitter itself suitable for
amateur use, These changes consist primarily of
removing two relays, changing the tube heater
circuit for operation on 12 volts instead of 24
volts, and the addition of a power plug.

Transmitter Modifications

The 80- and J0-meter transmitters are prac-
tieally identieal except for frequency range, and
the modifieations are the same in both, Remove
the top cover and hottom plate. Remove the
tubes and ervstal from their sockets so there will
be no danger of breaking them as you work on
the transmitter. If the sockets are not marked
by tube types, mark them yourself so you’ll know
which tube goes where,

The following modifications are required:

1) Remove the antenna relay (front panel) and
control relay (side of chassis) and unsolder and
remove all wires that were connected to the relays
with the exception of the wire going to Pin 4
on the oscillator socket,

2) Remove the wire-wound resistor mounted
on the rear wall of the transmitter,

3) Unsolder the wire from Pin 7 of the 1629
socket and move it to Pin 2, Ground Pin 7.

4) Unsolder the wires from Pin 1 of the 1625
closest to the drive shaft for the variable eapaci-
tors and solder the wires to Pin 7. Run a lead
from the same Pin 1 to the nearest chassis ground,

5) Unsolder all leads from the power socket
at the rear of the chassis and remove the socket.,
The socket ean be pried off with a serewdriver.,

6) Unsolder the end of the 20-ohm resistor
(red-black-black) that is connected to Pin 4 on
the oscillator socket and conncet it to Pin 6
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of the calibration crystal socket. There is also a
lead on Pin 4 that was conneeted to the keying
relay; conneet this lead to the nearest chassis
ground point,

7) Mount an octal socket (Amphenol 78-RS8)
in the hole formerly occupied by the power socket.
Install a solder lug under one of the nuts holding
the socket mounting,

8) Wire the oetal socket as shown in Fig. 6-01,
One of the leads unsoldered from the original
power socket is red with a white traeer, This is the
B+ lead for the 16252, The vellow lead is the
sereen lead for the 16255 and the white lead is
the heater lead. Although the manuals covering
this equipment specify these eolors, itUs safer
not to take them for granted: cheek where each
lead actually goes before conneeting it to the new
power socket. The lead from Pin 1 on the power
zocket to Pin 6 on the ealibration-crvstal socket is
the oscillator plate-voltage lead. The leads from
Pins 7 and 8 on the power plug to Pins 1 and 6 on
the oseillator socket are new leads to carry power
to the external ervstal-controlled oscillator, The
lead from Pin 4 of the power socket to Pin 2 on
the 1629 (resonance indicator) socket is the 12-
volt heater lead.

9) Mount a closed-cireuit phone jack at the
lower left-hand corner of the front panel. Con-
neet a lead from the ungrounded phone jack ter-
minal to Pin 6 (cathode) of either of the 1625
sockets. This completes the modification.

Crystal-Controlled Oscillator Details
The external ervstal-controlled oscillator cir-
cuit, shown in Fig, 6-92, uses a 6 AG7 in the grid-
plate oscillator cireuit. Either 80- or 40-meter
ervstals are required, depending on the band in
use, A tuned plate ecireuit is not required in the

T

oscillator; it was found that more than adequate
grid drive could be obtained with the sctup as
shown,

Output from the oscillator is fed to the trans-
mitter through an 8inech length of RG-58 coax
cable. The eable is terminated in an octal plug,
1>, which i plugged into the oseillator tube
socket in the transmitter, Power for the external
oscillator ix obtained through this socket.

The  erystal-controlled oseillator is built in
and on a 4 X 2 X 234-inch aluminum hox. The
tube and crystal sockets are mounted on top
of the box and the remaining components inside.
Layvout of parts is not particularly eritical but the
general arrangement shown in Figs. 6-90 and 6-93
should be followed to insure good results.

In the completed setup, oscillator and amphi-
fier, the eathodes of the 16258 are keyved and the
crystal oscillator runs continuously during trans-
missions, It is thus necessary to turn the oscilla-
tor off during standby periods, and this is accom-
plished by opening the B-plus switeh on the
power supply. This method is used in preferenee
to keying the oseillator and amplifier simultane-
ously because keying the oscillator is likely to
make the signal chirpy. With amplifier keying
the signal is a real TON,

Power Supply

Fig. 6-91 shows the cireuit of the power supply,
which uses a 504G reetifier and a eapacitor-
input filter. The power transformer, 77, is a tvpe
made by several manufacturers. To obtain the
necessary 12,6 volts for the heaters, a 6.3-volt
filament transformer is conneeted in series with
the 6.3-volt winding on 7. This setup also will
provide 6.3 volts for the heater of the 6AG7.
Current requirement for the 6AGT heater is 0.65
amp, and for the 16258, 0.9 amp. total,
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Fig, 6-91 —Circuit diagram of power socket and power supply.

Ci, C2—16-uf., 600-volt electrolytic (Sprague TVA-1965,
Aerovox PRS)L

Ji—Octal socket (Amphenol 78-RS8).

Li—1- to 2-hy,, 200-ma. filter choke, TV replacement
type {Stancor C2325 or €2327, or equivalent).

P1—Octal cable plug (Amphenol 86-PM8).

Rit—25,000 ohms, 25 watts, with slider.

S1, S2—Single-pole, single-throw toggle switch,

Ti—Power transformer, i00 volts center-tapped, 200
ma.; 5 volts, 3 amp.; 6.3 volts, 6 amp. (Knight
61G414, Triad R-21A, or equivalent),
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> PIN6, CRYSTAL SOCKET (OSC.B+).
F— PINS 1625 SOCKET {SCREEN).
> PLATE LEAO OF 1625s

= PIN2 1629 SOCKET {12.6 V.AC)
CHASSIS GROUNO.

= NO CONNECTION.

—> PING6 1626 SOCKET (6.3 VAC.).
— PIN | 1626 SOCKET ( XTALOSC.B+).

O NP DN —

CONNECTIONS TO
POWER SOCKET ON TRANSMITTER,

Tz—Filament transformer, 6.3 volts, 3 amp. (Triad Fs16X,
Knight 62-G-031, or equivalent!,



Converting Surplus

XTAL OSC.

o RG-58/u_

S | N
. SOCKET IN

. XMTR.

~NT
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0-250
KEY
2 (Ma )= A
O
OECIWAL VALUES OF CAPACITANCE ARE tNul, UM. (B)
OTHERS ARE IN yuf EXCEPT AS INOICATEO. Ps

Fig. 6-92—(A} Circuit diogrom of externol crystal-controlled oscillotor. Unless otherwise specified, resistonces ore in ohms,
resistors are 2 wott. The 0.01- ond 0.001-uf. capacitors ore disk ceromic. (B) Method of connecting the milliommeter
in series with the key.

C1—3-30-uuf. trimmer.

C2—220-uuf. fixed mica.

M1—0-250 d.c. milliommeter,

P2—Octol plug, mole (Amphenol 86-PM8).

To turn off the plate voltages on the transmit-
ter during stand-by periods, the center tap of 74
i8 opened. This can be done in two ways; by Ss,
or by a remotely-mounted switch whose leads
arc connected in parallel with Sy, A two-terminal
strip is mounted on the power-supply chassis,
the terminals being connected to Sp which is also
on the chassis. The remotely-mounted switch
can be installed in any convenient location at the
operating position. A single-pole, single-throw
switch ean be used for this purpose or, if desired,
a multicontact switeh can be used to perform
simultaneonsly this and other functions, such as
controlling an antenna-changeover relay.

The high-voltage and heater leads are brought
out in a cable to an octal plug, P;, that connects
to Jy on the transmitter. The length of the cable
will, of course, depend on where you want to
install the power supply. Some amateurs prefer
to have the supply on the floor under the operat-
ing desk rather than have it take up room at
the operating position.

The supply shown here was constructed on a
3 X 6 X 10-inch chassis, The layout is not
eritical, nor are there any special preeautions to
take during construction other than to observe
polarity in wiring the eleetrolytic eapacitors and
to see that the power leads are properly insulated.
Never have ) unplugged from /) when the power
supply is turned on; there is danger of clectrical
shock at several pins of Py, Interchanging the
nserts of 72y and J1 will remove this hazard.

When wiring 7y don’t connect the B-plus
lines to Pins 2 or 3, the amplifier plates and
screens, at first. It is more convenient to test the
oscillator without plate and screen voltages on
the amplifier.

When the supply is completed, check between
chassis ground and the 12.6-vo]t lead with an a.c.
voltmeter to sce if the two 6.3-volt windings are
connected correetly. If you find that the voltage is

P3—Phone plug.
RFCi, RFC2—1-mh. r.f. chokes.
Y1—3.5- or 7-Mc. Novice-bond crystol, os required.

zero, reverse one of the windings. If you don’t
have an a.c. meter you can check by observing
the heaters in the 1625s. They will light up if you
have the windings connected correctly. Ineciden-
tally, leave B plus off, by opening Ss, for this
check.

Next, set the slider on the bleeder resistor, Ry,
at about one-quarter of the total resistor length,
measured from the B-plus end of the bleeder.
Be sure to turn off the power when making this
adjustment, With the tap set about one-quarter
of the way from the B-plus end of the bleeder the
oscillator plate and amplifier screen voltages will
be approximately 250 volts.

Testing the Transmitter

A key and meter connected as shown in Fig.
6-92 are needed for checking the transmitter.
When 7’3 is plugged into the jack in the transmit-
ter it will measure the cathode current of the
1625s. The cathode current is the sum of the
plate, sereen and control-grid currents. Some
amateurs prefer to install the meter in the plate
lead so it reads plate current only. This can be
done by opening the B-plus line at the point
marked “X” in Fig. 6-91, and inserting the
meter in series with the line. However, unless
more than one meter is available, don’t install it
in the power supply setup in this way until after
the tests described below have been made.

Insert the external oscillator plug, F%», into
the 1626 socket and connect I’y to the trans-
mitter. Plug P, into the key jack on the front
panel of the transmitter, With S» open, turn on
the power and allow a minute or two for the
tubes to warm up. Next, close the center-tap
connection, Sa, on the power transformer. Set the
transmitter dial to the same frequency as that of
the crystal in use and close the key., A slight
indication of grid current should show on the
meter. There is no plate or screen current beeause
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there are no sereen or plate voltages on the am-
plifier. If no grid eurrent is obtained, adjust (4
to the point where grid current shows, or try
another erystal,

The next step is to peak the amplifier grid
circuit — that is, the 1626 v.f.o. tank — for
maximum grid-current reading. The v.f.0. trim-
mer eapaceitor is in an aluminum hox on the
top of the chassis at the rear. There is a Yg-inch
diameter hole in the side of the hox: loosen the
small serew visible through this hole, thus un-
locking the rotor shaft of the trimmer capuacitor,
Move the rotor-arm shaft in either direetion,
ohserving the meter reading, and find the posi-
tion that gives the highest reading. This should he
something more than 10 ma.

Now conneet the plate and sereen voltage loads
to I’1. Be sure to turn off the power supply before
making the conneetions!

The first test of the rig should be with a dummy
load; a 113-volt, 60-watt light bulb can be used
for this purpose, The lamp should be conneeted
hetween the antenna terminal and chassis ground.
However, to make the lamp take power it may
he necessary to add eapacitance in parallel with
it. A receiving-type variable eapacitor having
250 puf. or more maximum capacitanee will he
adequate for the job.

Turn on the power and allow the tubes to
warm up, but leave the key open. Set the antenna
coupling control on the transmitter to 7 or 8,
and set the variable eapacitor conneeted aeross
the dummy load to about maximum capaei-
tance. Next, close the key and adjust the an-
tenna inductance control for an increase in
athode current. Turn  the frequeney  control
for a dip in current reading. The indieated fre-
queney will probably differ from that of the
erystal in use, but don’t worry about it.

Adjust the three transmitter controls, antenna,
inductance, antenna coupling, and frequency,
along with the variable capacitor across the lamp
load, until the lamp lights up to apparently full
brilliance. The eathode current should e hetween
150 and 200 ma. With the transmitter fully
loaded, adjust (7 in the erystal oscillator so that
the lamp brilliance just starts to deerease. This
is the optimum setting for (7 and it can be left
at this setting, no further adjustments being
required,

If a d.c. voltmeter is available, cheek the differ-
ent voltages in the setup. Using the power supply

Fig. 6-93 —This bottom view of the crystal oscillator shows
the arrangement of components. Terminal strips are used
for the cable connections and also as a support
for Ci, the feedback capacitor.

shown here, the plate voltage on the 1625 is
approximately 400 with the amplifier fully loaded.
With the plate voltage on the oscillator and
sereen voltage on the 1625s adjusted to 250 volts
(tap on Ity), the oscillator screen voltage is 160
volts. The oscillator takes approximately 30 ma.
and the 1625 amplifier sereens about 10 ma. when
the amplifier is fully loaded.

Getting on the Air

To put the transmitter on the air it is neecessary
only to conncet an antenna to the antenna post
and conneet a ground lead from the transmittor
chassis to a water-pipe ground or to a metal
stake driven in the ground. Almost any length
of antenna will work, but for best results the
minimum length should not be less than about
Y& wavelength for the band in use. This is ap-
proximately 33 feet for 80 meters and 16 feet
for 40 meters. It is of course better to make the
antenna longer —and to be sure to get the far
end as high as possible.

An output indicator will prove to he a handy
deviee for knowing when power is actually going
into the antenna. For this purpose use a 6.3-volt,
150-ma. dial lamp. Conneet two leads, each about
one foot long, to the shell and hase of the bulb,
respectively. Clip one lead to the antenna post.
and the other lead on the antenna wire two fect
from antenna post. A small amount of power
will go through the bulb and this will provide a
visual indieation of output. Follow the same
tuning procedure as outlined above for the
dummy antenna. If the bulb gets so bright that it
is in danger of burning out, move the leads eloser
together to reduce the pickup.

It may be found that certain antenna lengths
won’t work — that is, the amplifier won’t load —
no matter where the antenna coupling and in-
ductance are set. In such a case, connect a varia-
ble eapacitor — like the one used with the lamp
dummy — hetween the antenna post and the
transmitter chassis. Adjust the capacitor and
antenna inductance for maximum brilliance of
the output indieator; this will be the best sot-
ting for the controls.

A superior antenna system uses a two-wire
feeder system and an antenna coupler; examples
are given in Chapters 13 and 14, If a coupler is
used, the transmitter and coupler should he con-
neeted together with coax line. The inner con-
ductor of the coax should be connected to the
antenna terminal and the outer braid to the
transmitter case, as close to the antenna terminal
as possible. If desired, the antenna terminal ean
be removed and a coax fitting substituted.

When the coveted General (lass ticket. is ob-
tained, it is only necessary to unplug the crystal
oscillator, put the original tube back in the rig,
and move out of the Novice band,



CHAPTER 7

Power Supplies

Essentially pure direct-current plate supply
is required to prevent serious hum in the output
of receivers, specch amplifiers, modulators and
transmitters. In the case of transmitters, pure
d.e. plate supply is also dietated by government
regulation.

also helps to minimize changes in output voltage
with changes in the amount of current drawn
from the supply. 7'y is a step-down transformer
to provide filament voltage for the reetifier tubes,
It must have sufficient insulation between the

The filaments of tubes in a trans- o— T
mitter or modulator usually may be i
operated from a.c. However, the
r . . I5VAC
filament power for tubes in a receiver
(excepting power audio tubes), or
those in a speech amplifier may be
a.c. only if the tubes are of the indi-
rm-t1_\'-}10:1tv}l-(':1thodc type, if hum - T, Fig. 7-1—A typical
is to be avoided. . ) transformer-rectifier-

Wherever commercial a.c. lines are  #svac filter system. In this in-
available, high-voltage d.c. plate sup- ~— stance the circuit is
ply is most. cheaply and conveniently T that of a full-wave
obtained by the use of a transformer-  ©— o rectifier with a choke-
rectifier-filter system. An example of | 5yac FILS input filter.
such a svstem is shown in Fig, 7-1.

b o~ o

In this circuit, the plate trans-
former, 7’1, steps up the a.c. line voltage to the
required high voltage. The a.e. is changed to
pulsating d.c. by the rectifiers, V, and Ve
Pulsations in the d.c. appearing at the output
of the rectifier (points A and 3) are smoothed
out by the filter composed of L, and Cy. I,
is a bleeder resistor. Its chief function is to dis-
charge (4, as a safety measure, after the supply
is turned off. By proper selection of value, £2;

filament winding and the core and primary wind-
ing to withstand the peak value of the rectified
voltage. T’z ix a similar transformer to supply the
filaments or heaters of the tubes in the equip-
ment operating from the supply. IFrequently,
these three transformers arc combined in a single
unit having a single 115-volt primary winding
and the required three secondary windings on
one core.

Rectifier Circuits

Half-Wave Rectifier

Fig. 7-2 shows three reetifier cireuits cover-
ing most of the common applications in ama-
teur equipment. Fig. 7-2A is the circuit of a
half-wave reetifier. During that half of the
a.c. evele when the rectifier plate is positive
with respeet to the eathode (or filament). current
will flow through the rectifier and load. But dur-
ing the other half of the evele, when the plate is
negative with respect to the cuthode, no current
can flow. The shape of the output wave is shown
in (A) at the right. It shows that the current
always tlows in the =ame direction but that the
flow of current is not continuous and is pulsat-
ing in amplitude,

The average output voltage — the voltage
read by the usual d.c. voltmeter — with this
cireuit is 0.45 times the r.ms value of the ac.
voltage delivered by the transformer sccond-
ary. Because the frequeney of the pulses in
the output wave is relatively low (one pulsation
per cycle), considerable filtering is required to

provide adequately smooth d.c. output, and for
this reason this ecireuit is usually Hinited to ap-
plications where the current involved is small,
such ax in supplies for eathode-ray tubes and for
protective bias in o transmitter.

Another disadvantage of the half-wave recti-
fier cireuit is that the transformer must have a
considerably  higher primary  volt-nmpere rat-
ing (approximately 40 per cent greater), for the
same d,e. power output, than in other rectifier
circuits,

Full-Wave Center-Tap Rectifier

The most universally used rectifier cireuit is
shown in Fig. 7-2B. Being essentially an ar-
rangement in which the outputs of two half-
wave rectifiers are combined, it makes use of
both halves of the a.c. evele. A transformer
with a center-tapped secondary is required with
the circuit. When the plate of V) is positive, cur-
rent flows through the load to the center tap.
Current cannot flow through Vs because at this
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instant its cathode (or fila-

ment) is positive in respeet to T
it= plate. When the polarity
reverses, Vs conduets and enr-
rent again flows through the
load to the center-tap, this
time through V.

The average output volt-
age ix 0,15 times the ros.
voltage of the entire trans- a ¢
former-secondary, or 0.9 times
the voltage across half of the
transformer secondary. For
the same lolal sccondary volt-
age, the average output volt- T,
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age is the same as that deliv- ©
ered with a half-wave reetifier.
Itowever, as ean be seen from
the sketeches of the output
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nately, each handles half of
the average load current.
Therefore the load-current
rating of each rectifier need
be only half the total load eur-
rent drawn from the supply.

Two separate transformers,
with their primaries conneeted in parallel and
secondaries connected in series (with the proper
polarity) may be used in this cireuit. How-
ever, if this substitution is made, the primary
volt-ampere rating must be reduced to about
40 per cent less than twice the rating of one
transformer.

Full-Wave Bridge Rectifier

Another full-wave rectifier cireuit is shown in
Fig. 7-2C. In this arrangement, two rectifiers
operate in series on each half of the cycle, one
rectifier being in the lead to the load, the other
being in the return lead. Over that portion of
the cyele when the upper end of the trans-
former secondary is positive with respect to the
other end, current flows through Vy, through the
load and thenee through Voo During this period
current eannot flow through reetifier Vg because
its plate is negative with respeet to its eathode
(or filament). Over the other half of the cyvele,
current flows through V3, through the load and
thenee through Vo Three filament transformers

o

QUTPUT WAVEFORMS

Fig. 7-2—Fundamental vacuum-tube rectifier circuits. A—Holf-wave. B—Full-

wave. C—Full-wave bridge. A.c.-input and pulsating-d.c. output wave forms are

shown at the right. Output-voltage values indicated do not include rectifier drops.
Other types of rectifiers may be substituted.

are needed — one for Vy and V3 and one each
for V', and 17y, The output wave shape (C), to
the right, is the same as that from the simple
center-tap rectifier eireuit. The output voltage
obtainable with this cireuit is 0.9 times the
rams. voltage delivered by the transformer
secondary. For the same total transformer-
secondary voltage, the average output voltage
when using the bridge rectifier will be twice
that obtainable with the center-tap rectifier
cireuit. However, when comparing rectifier cir-
cuits for use with the same transformer, it should
be remembered that the power which a given
transformer will handle remains the same re-
gardless of the rectifier cireuit used. If the out-
put voltage is doubled by substituting the
bridge cireuit for the center-tap reetifier cireuit,
only half the rated load current can be taken
from the transformer without exceeding its
normal rating. Each reetifier in a bridge eireuit
should have a minimum load-current rating of
one half the total load current to be drawn from
the supply.

Rectifiers

High-Vacuum Rectifiers

Tigh-vacuum reetifiers depend entirely upon
the thermionie emission from a heated filament
and are characterized by a relatively high
internal resistance. For this reason, their applica-
tion usually is limited to low power, although
there are a few types designed for medium and
high power in cases where the relatively high
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internal voltage drop may be tolerated. This high
internal resistance makes them less susceptible
to damage from temporary overtoad and they are
free from the bothersome electrical noise some-
times associated with other types of rectifiers.
Some rectifiers of the high-vacuum full-wave
type in the so-called recciver-tube class will
handle up to 275 ma. at 400 to 500 volts d.c. out~



Rectifiers

put. Those in the higher-power class can be used
to handle up to 500 ma. at 2000 volts d.c. in full-
wave eircuits. Most low-power high-vacuum ree-
tifiers are produeed in the full-wave type, while
those for greater power are invariably of the half-
wave type, two tubes being required for a full-
wave reetifier eireuit. A few of the lower-voltage
types have indireetly heated eathodes, but are
limited in heater-to-cathode voltage rating.

Mercury-Vapor Rectifiers

The voltage drop through a mereury-vapor
rectifier is practically constant at approximately
15 volts regardless of the load eurrent. For
high power they have the advantage of cheap-
ness, Reetifiers of this type, however, have
a tendeney toward a type of oscillation which
produces noise in nearby reecivers, sometimes
difficult to eliminate. R.f. filtering in the primary
circuit and at the reetifier plates as well as
shielding may be required. As with high-vacuum
reetifiers, full-wave types are available in the
fower-power ratings only. For higher power, two
tubes are required in a full-wave cireuit.

Selenium and Other Semiconductor
Rectifiers

Selenim, germanium and silicon reetifiers are
finding increasing application in power supplies
for amateur equipment. These units have the ad-
vantages ol compactness, low internal voltage drop
(about 5 volts per unit) and low operating temper-
ature. Also, no filament transformers are required,

Individual units of all three types are avail-
able with input ratings of 130 volts r.ms, Se~
lenium units are rated at up to 1000 ma. or
more d.e, load current: germanium units have
ratings up to 400 ma., and silicon units up to
500 mi. In full-wave cireuits these load-current
figures can be doubled.

The extreme compactness of silicon types
mitkes foasible the stacking of several units in
series for higher voltages. Standard stacks are
available that will handle up to 2000 volts r.m.s.
input at a d.c. load current of 325 ma. Two of
these stacks in a full-wave cireuit will handle 650
ma., although they are comparatively expensive,

Semiconductor rectifiers may  be substituted
in any of the basie circuits shown in Fig, 7-2,
the terminal marked “ 4" or “cathode” corre-
sponding to the filament connection. Advantage
may be taken of the voltage-multiplying cireuits
discussed in o later section of this ehapter in
adapting rectifiers of this type.

Rectifier Ratings

Vacuum-tube rectifiers are subject to limita-
tions as to breakdown voltage and current-han-
dling eapability. Some types are rated in terms of
the maximum r.m.s. voltage which should be
applied to the reetifier plate. This is sometimes
dependent on whether a choke- or capacitive-
input filter is used. Others, particularly mercury-
vapor types, are rated according to maximum
inverse peak voltage — the peak voltage between
plate and eathode while the tube is not con-

ducting. In the circuits of I'ig. 7-2, the inverse
peak voltage across each rectifier is 1.4 times the
rm.s. value of the voltage delivered by the
enlire transformer sccondary, except that if a
capacitive-input filter is used with the half-
wave rectifier cireuit of Fig. 7-2A, the multi-
plyving factor hecomes 2.8,

All reetifier tubes are rated also as to maximum
de, load eurrent and many, in addition, carry
peak-current ratings, all of which should be eare-
fully observed to assure normal tube life, With a
enpaeitive-input filter, the peak current may run
several times the d.e. current, while with a choke-
input filter the peak value may not run more
than twice the d.e, load current,

Operation of Rectifiers

In operating reetifiers requiring filament or
cathode heating, eare should be taken to provide
the correet filament voltage at the tube terminals.
Low fil:unent voltage ean eause exeessive voltage
drop in high-vacuum reetifiers and a considerable
reduction in the inverse peak-voltage rating of a
mereury-vapor tube. Filament connections to the
reetifier socket should be firmly soldered, partic-
ularly in the case of the larger mereury-vapor
tubes whose filaments operate at low voltage snd
high current. The socket should be selected wi...
eare, not ouly as to contact surface but also as
to insulation, since the filunent usuadly is at full
output voltage to ground. Bakelite sockets will
serve at voltages up to 500 or =o, but ceramie
sockets, well spaced from the chassis, always
should be used at the higher voltages, Special fila-
ment transformers with high-voltage insulation
between primary and secondary are required for
reetifiers operating at potentials in excess of 1000
volts inverse peak,

The reetifier tubes should be placed in the
equipment with adequate spaece surrounding them
to provide for ventilation. When mercury-vapor
tubes are first placed in service, and each time
after the mereury has been disturbed, as by
removal from the socket to a horizontal position,
they should be run with filunent voltage only for
30 minutes before applying high voltage. After

Fig. 7-3—Connecting mer-
cury-vapor recfifiers in par-
allel for heavier currents.
R, and Rz should have the
same value, between 50
and 100 ohms, and corre-
sponding filament terminals
should be connected
together.

that, a delay of 30 seconds is recommended each
time the filament is turned on.

Reetifiers may be connected in parallel for cur-
rent higher than the rated current of a single
unit. This includes the use of the sections of a
double diode for this purpose. With mercury-
vapor types, equalizing resistors of 50 to 100 ohms
should be conneeted in series with each plate, as
shown in Fig. 7-3, to help maintain an equal divi-
sion of current between the two rectifiers.
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Filters

The pulsating d.e. waves from the reetifiers
shown in Fig. 7-2 are not sufliciently constant in
amplitude to prevent hum corresponding to the
pulsations, Filters consisting of eapacitances and
inductances arve required between the reetifier and
the load to smooth out the pulzations to an esscn-
tinlly constant d.e. voltage, Also, upon the design
of the filter depends to a large extent the d.e.
voltage output, the wvoltage regulation of  the
power supply and the maximum load current
that ean be drawn from the supply without ex-
ceeding the peak-current rating of the reetifier,

Power-supply filters fall into two classifications,
depending upon whether the first filter clement
following the rectifier is & capacitor or a choke.
Capacitive-input filters are characterized by rela-
tively high output voltage in respeet to the trans-
former voltage, but poor voltage regulation.
Choke-input filters result in much better regula-
tion, when properly designed, but the output
voltage is less than would be obtained with a
apacitive-input filter from the same transformer.

Voltage Regulation

The output voltage of a power supply always
deereases as more current is drawn, not only be-
nuse of increased voltage drops in the trans-
former, filter chokes and the reetifier (if high-
vacuum rectifiers are used) but also because the
output voltage at light loads tends to soar to the
peak value of the transformer voltage as a result
of charging the first capacitor. By proper filter
design the latter eficet can be eliminated. The
change in output voltage with load is ealled roll-
age regulation and is expressed as a pereentage.

100 (£ — E2)
I

Per cent requlation =

Example: No-load voltage Fy 1330 volts,
tull-load voltage = K2 = 1230 volts,
) 100 (1550 — 1230)
Pereentage regulation = = -
1230
32000 _ .
= = 206 per cent.
1230
Regulation may he as great as 1009, or more with
a capacitive-input filter, but by proper design can
be held to 20¢ or less with a choke-input filter,
Good regulation is desirable if the load current
varies during operation, as in a keved stage or a
Claxs B modulator, heeause a large change in
voltage may inerease the tendeney toward key
clicks in the former ease or distortion in the
latter, On the other hand, a steady load, such as
is represented by a receiver, speech amplifier or
unkeyed stages in a transmitter, does not require
good regulation so long as the proper voltage is
obtained under load conditions, Another con-
sideration that makes good voltage regulation de-
sirable i3 that the filter capacitors must have a
voltage rating safe for the highest value to which
the voltage will soar when the external foad is
removed,
When essentially constant voltage, regardless
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of eurrent variation is required (for stabilizing an
oscillator, for example), special voltage-regulating
cireuits deseribed elsewhere in this chapter are
used.
Load Resistance

In diseussing the performance of power-supply
filters, it is sometimes convenient to express the
load connected to the output terminals of the
supply in terms of resistance, The load resistance
is equal to the output voltage divided by the
total current drawn, ineluding the current drawn
by the bleeder resistor,

Input Resistance

The sum of the transformer impedance and the
rectifier resistance is called the inpnt resistanee,
The approximate transformer impedance is given
by

Zar = N*Rpr1 + Rauc
where N is the transformer turns vatio, primary
to seeondary (primary te T, secondary in the
of a full-wave reetifier), and Rppp and Rag
the primary and secondary resistances respee-
tively, Rape will be the resistanee of half of the
secondary in the case of a full-wave eireuit.

Bleeder

A bleeder resistor ix a resistanee eonneeted
across the output terminals of the power =upply
(see IFig. 7-1). It= functions are to discharge the
filter capacitors as a safety measure when the
power is turned off and to improve voltage regula-
tion by providing a minimum load resistanee,
When voltage regulation is not of importanee,
the resistance may be as high as 100 ohms per
volt. The resistance value to be used for voltage-
regulating purposes is discussed in later sections,
From the consideration of safety, the power rat-
ing of the resistor should be as conservative as
possible, since a burned-out bleeder resistor is
more dangerous than none at all!

Ripple Frequency and Voltage

T'he pul=ations in the output of the rectifier can
be considered 1o be the resultant of an alternating
current superimposed upon a steady direet cur-
rent. From this viewpoint, the filter may be con-
sidered to consist of shunting capacitors which
short-cireuit the ae. component while not inter-
fering with the flow of the d.e. component, and
series chokes which pass d.e. readily but which
impede the flow of the a.e. component,

The alternating component is ealled the ripple,
The effectiveness of the filter ean be expressed in
terms of per cent ripple, which is the ratio of the
r.m.=. vaiue of the ripple to the doe. value in termas
of pereentage. For caw. transmitters, the out-
put ripple from the power suppiy should not ex-
ceed A per cent. The ripple in the output of sup-
plies for voice transmitters shonld not exceed |
per cent. Class 13 modulators require a ripple
reduction to abont .23, while v.f.o."s, high-
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gain speech amplifiers, and reeeivers may require
a reduction in ripple to 0.019.

Ripple frequeney is the frequeney of the pulsa-
tions in the reetifier output wave — the number
of pulsations per sccond. The frequeney of the
ripple with half-wave rectifiers is the same as the
frequency of the line supply — 60 eycles with 60-
cvele supply. Since the output pulses are doubled
with a full-wave reetifier, the ripple frequeney is
doubled — to 120 exeles with 60-cyele supply.

The amount of filtering (values of induetanee
atd eapacitance) required  to give adequate
smoothing depends upon the ripple frequeney,
more filtering heing required as the ripple fre-
queney is lowered,

@ CAPACITIVE-INPUT FILTERS
Capacitive-input filter systems are shown in

Fig. 7-1. Disregarding voltage drops in the
chokes, all have the same characteristies exeept

r o— : 0+
FROM —Lc bcC
RECT T ' OUTPUT
= b 0 -
. >+
+0 \AAAS 1 0 +
FROM L 0c
RECT TG CZT RS outpur
-0 = ¢ _— -
+ O_T AAA ’I AAASY +
1 2
F ROM —— bcC
RECT ’]‘C' C?"* G~ REoutpur
- 00— : E —0 -
7

Fig. 7-4—Capacitive-input filter circuits. A—Simple ca-
pacative. B—Single-se ction. C—Double-section.

in respeet to ripple. Better ripple reduction will
be obtained when LC sections are added, as shown
in Figs. 7-18 and C.

Output Voltage

To determine the approximate d.e. voltage ont-
put when o eapacitive-inpat filter is used, refer-
cnee should be made to the graph of Fig. 7-5.

Example:
Transformer rones, voltage — 350
Input resi=tanee — 200 oluns
Maxinum Joad current, including bleeder cur-
rent 175 ma.
350
175

Load resistance 2000 ohws approx.

From Fig, 7-5, for a load resistance of 2000
ohms and an input resistance of 200 ohms, the
d.c. output voltage is given as slightly over 1
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r.ms. secondary voltage for different load and input
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times the transformer r.ms. voltage, or about 350
volts,
Regulation

If o bleeder resistance of 50,000 ohms is used,
the d.e. output voltage, as shown in Fig. 7-5, will
rise to about 1.35 times the transformer roms,
value, or about 470 volts, when the external load
is removed. For greater aceuraey, the voltage
drops through the input resistance and the
resistance of the chokes should be subtracted
from the values determined above. For hest reg-
ulation with a eapacitive-input filter, the bleeder
resistance should be as low as possible without
exceeding the transformer, reetifier or choke
ratings when the external load is connected.

Maximum Rectifier Current

The maximum current that can be drawn from
a supply with a capacitive-input filter without
exceeding the peak-current rating of the rectifier
may be estimated from the graph of g, 7-6.
Using values from the preceding example, the
ratio of peak rectifier eurrent to d.c. load current
for 2000 ohms, as shown in Fig. 7-6 is 3. T'here-
fore, the maximum load current that ean be
drawn without execeding the reetifier rating is 14
the peak rating of the reetifier. For a load current
of 175 ma., ax above, the rectifier peak current
rating should be at least 3 X 175 = 325 ma.

With bleeder current only, Fig. 7-6 shows that
the ratio will inerease to over 8. But sinee the
bleeder draws less than 10 ma. d.c., the reetifier
peak eurrent will be only 90 ma. or less.
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Fig. 7-6—Groph showing the relotionship between the

d.c. lood current and the rectifier peok plote current

with capacitive input for various values of load and
input resistance.

Ripple Filtering

The approximate ripple pereentage after the
simple eapacitive filter of Fig. 7-1A may be deter-
mined from Fig. 7-7. With a load resistance of
2000 ohms, for instance, the ripple will be ap-
proximately 109 with an 8uf. eapacitor or
209, with a 4-uf. eapacitor. For other eapaci-
tances, the ripple will be in inverse proportion to

T T ]
,ol_ 1 _,___1 I S — |
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RECTIFIER T oureur 7
18— ! | E—

Dw a2 ne amed
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&
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104D RESISTANCE - onms (SIS ourpur)

fig. 7-7—Showing opproximate 120-cycle percentoge
ripple across filter input capacitor for various loads.

the capacitance, c.g., 555 with 16 uf., 097 with
2 uf., and so forth.
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The ripple can be reduced further by the addi-
tion of L' seetions as shown in Figs. 7-413 and C.
Fig. 7-8 shows the factor by whieh the ripple from
any preceding seetion is reduced depending on the
produet of the eapacitanee and induetanee added.
For instance, if a seetion composed of a choke of
5 h. and a eapacitor of 4 uf. were to be added
to the simple eapacitor of Fig. 7-4A, the produet
is 4 X 5 = 20. Fig. 7-8 shows that the original
ripple (104, ax above with 8 uf. for example) will
he reduced by a factor of about 0.08. Therefore
the ripple pereentage after the new section will be
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Fig. 7-8—Ripple-reduction factor for various values of
L and C in filter section. Output ripple = input ripple X
ripple foctor.

approximately 0.08 X 10 = 0.89. If another sec-
tion is added to the filter, its reduction factor
from Fig. 7-8 will be applied to the 0.89% from
the preeeding seetion; 0.8 X 0.08 = 0.06:19, (if
the second section has the same LC product as
the first).

@ CHOKE-INPUT FILTERS

Much better voltage regulation results when
choke-input filter, as shown in Iig. 7-9, is used.
Choke input also permits better utilization of the
reetifier, sinee a higher Joad current usually ean
be drawn without exceeding the peak current
rating of the reetifier,

Minimum Choke Inductance
A choke-input filter will tend to act as a capaci-
tive-input filter unless the input choke has at
least o certain minimum value of induetance
called the critical value. This eritical value is
given by

Evoirs
Lh =0

where E is the output voltage of the supply, and
I is the current being drawn from the supply.

If the choke has at lcast the eritical value, the
output voltage will be limited to the average
value of the rectified wave at the input to the
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Fig. 7-9—Choke-input filter circuits. A—Single-section.
B—Double-section.

choke (see Fig. 7-2) when the eurrent drawn from
the supply is small. This is in contrast to the
capacitive<input filter in which the output volt-
age tends to soar toward the peak value of the
reetified wave at light loads. Also, if the inpnt
choke has at least the eritieal value, the reetifier
peak plate current will be limited to about twice
the d.e. current drawn from the supply. Most
rectifier tubes have peak-current ratings of three
to four times their maximum d.e. output-current
ratings. Therefore, with an input choke of at least
eritical induetance, eurrent up to the maximum
output-current rating of the rectifier may be
drawn from the supply without exceeding the
peak-current rating of the rectifier.

Minimum-Load—Bleeder Resistance

From the formula above for eritical inductance,
it is obvious that if no current is drawn from the
supply, the eritieal inductance will be infinite. So
that a practieal value of induetanee may be used,
some eurrent must be drawn from the supply at
all times the supply is in use. From the formula
we find that this minimum value of current is

Iax. = Evorrs
By B =P ==
Ly

Thus, if the choke has an induetance of 20 h.,
and the output voltage is 2000, the minimum load
current should be 100 ma. This load may be pro-
vided, for example, by transmitter stages that
draw current eontinuously (stages that are not
keved). However, in the majority of cases it will
be most convenient to adjust the bleeder resist-
ance so that the bleeder will draw the required
minimum eurrent. In the above example, the
bleeder resistance should be 2000/0.1 = 20,000
ohms.

From the formula for eritical induetance, it is
seen that when more current is drawn from the
supply, the critical inductance becomes less,
Thus, as an example, when the total current, in-
cluding the 100 ma. drawn by the bleeder rises to
400 ma., the choke need have an inductance of
only 5 h. to maintain the critical value. This is
fortunate, because chokes having the required in-
ductance for the bleeder load only and that will
maintain this value of inductance for much larger
eurrents are very expensive,

Swinging Chokes

Less costly chokes are available that will main-
tain at least eritical value of inductance over the
range of current likely to be drawn from practi-
cal supplies. These chokes are called swinging
chokes. As an example, a swinging choke may
have an inductance rating of 5/25 h. and a cur~
rent rating of 225 ma. If the supply delivers 1000
volts, the minimum load current should bhe
1000/25 = 40 ma. When the full load eurrent of
225 ma. is drawn from the supply, the inductance
will drop to 5 h. The eritical induetance for 225
ma. at 1000 volts is 1000/225 = 4.5 h. Therefore
the 5/25+h. choke maintains at least the eritieal
inductanee at the full current rating of 225 ma.
At all load eurrents between 40 ma. and 225 ma.,
the choke will adjust its inductance to at least
the approximate eritical value.

Table 7-1 shows the maximum supply output
voltage that can be used with commonly-avail-
able swinging chokes to maintain eritical indue-
tance at the maximum current rating of the
choke. These chokes will also maintain eritical
inductanee for any lower values of voltage, or cur-
rent down to the required minimum drawn by a
proper bleeder as diseussed above,

TABLE 7-1
Ly Maz. ma. | Mar, vaIIs_ Maz. R | Min.ma.2
3.5/13.5 150 525 13.5K 39
5/25 175 875 | 25K 35
212 | 20 | 400 | 12k | 33
5/25 | 200 - 1000 25K ' | o :10
5/25 225 ) 1125 | 25K h _k475
2/12 [ 250 | 500 N 12K | 42
420 | 300 1200 20K 60
5/25 300 | 1500 25K 60
3/;_, 400 1200 17K 7
4/20 400 | 1600 20K 80
5/23 400 2000 23K | 80
16| 500 | 2000 16K | 125
|00 2500 | 25K 100
5/25 | 550 2750 25K | 110

IMaximum bleeder resistance for critieal inductance.
2 Minimum current (bleeder) for critieal inductance.

In the ease of supplies for higher voltages in
particular, the limitation on maximum load resist-
ance may result in the wasting of an appreciable
portion of the transformer power eapacity in the
bleeder resistance. Two input chokes in series
will permit the use of a bleeder of twice the
resistance, cutting the wasted current in half.
Another alternative that can be used in a c.w.
transmitter is to use a very high-resistance
bleeder for protective purposes and only suf-
ficient fixed bias on the tubes operating from the
supply to bring the total eurrent drawn from the
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supply, when the key is open, to the value of
current  that the required bhleeder resistance
should draw from the supply. Operating bias is
brought back up to normal by inereasing the
grid-leak resistance, Thus the entire current ca-
paeity of the supply (with the exeeption of the
small drain of the proteetive bleeder) can be
usedd in operating the transmitter stages. With
thix svstem, it is advisable to operate the tubes
at phone, rather than c.w., rating, since the
average dissipation is inereased.
Output Voltage

Provided the input-choke inductance is at
teast the eritical value, the output voltage may
be caleulated quite elosely by the following
cquation:

e = 09F, — (g 4+ 1) (14 R2) — E:

where I, is the output voltage; /¢ is the roms,
voltage applied to the reetifier (r.m.s. voltage
between center-tap and one end of the second-
ary in the case of the center-tap rectifier); /g
and 7y, are the bleeder and load eurrents, respee-
tively, in amperes: By and Ry ave the resistances
of the first and sccond filter chokes: and [ is the
drop between reetifier plate and eathode. The
various voltage drops are shown in Fig. 7-12. At
no load /1, is zero, henee the no-load voltage may
be ealeulated on the basis of bleeder current only.
The voltage regulation may be determined from
the no-lond and full-load voltages using  the
formula previously given,
Ripple with Choke Input

The pereentage ripple output from a single-
secetion filter (Fig. 7-9A) may be determined to
a close approximation, for a ripple frequeney of
120 cyeles, from Fig. 7-10,

Example: L = 3 h.. C = 4 uf,, LC = 20.

From Fig. 7-10, percentage ripple = 5 per cent.
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Fig. 7-10—Graph showing combinations of inductance

and capacitance that may be used to reduce ripple with
a single-section choke-input filter.
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Example: L =35 h, What capacitance is
needed to reduce the ripple to 1 per eent? Fol-
lowing the l-per-cent line to the right to its
interseetion with the diagonal, thenee down-
ward to the LC seale, read LC = 100, 100/5 =
20 wf.

In scleeting values for the first filter scetion,
the inductance of the choke should be deter-
mined by the constderations diseussed  previ-
ously. Then the eapacitor should bhe seleeted
that when combined with the choke inductance
(minimum inductanee in the case of a swinging
choke) will bring the ripple down to the desired
value. If it iz found impossible to bring the ripple
down to the desired figure with praetieal values
in n single section, a sccond scetion ecan be
added, as shown in Fig. 7-9B and the reduetion
factor from Fig, 7-8 applied as discussed under
eapacitive-input filters. The second choke should
not be of the swinging tyvpe, but one having a
more or less constant induetance with changes in
current (smoothing choke).

@ OUTPUT CAPACITOR

If the supply is intended for use with an
audio-frequeney amplifier, the reaetance of the
last filter capacitor should he small (20 per
cent or less) compared with the other audio-
frequency resistance or impedanee in the cireait,
usually the tube plate resistanee and load resist-
ance, On the hasis of a lower w.f. limit of 100 exveles
for speech amplification, this condition usually
is satisfied when the output eapacitance (last
filter eapacitor) of the filter has a capacitance of
1 to 8 uf., the higher value of eapacitance being
used in the ease of lower tube and load resistances.

@ RESONANCE

Jesonanee effeets in the series eireuit across
the output of the rectifier which is formed by
the first choke (L) and first filter eapacitor
(C'y) must be avoided, sinee the ripple voltage
would build up to large values, This not only is
the opposite action to that for which the filter
i intended, but also may eause excessive reeti-
fier peak currents and abnormally high inverse
peak voltages, For full-wave reetification the
ripple frequeney will he 120 exeles for a 60-cyele
supply, and resonance will oceur when the prod-
uet of choke inductance in henrys times ea-
paeitor eapacitance in microfarads is equal to
1.77. The corresponding figure for 30-eyele sup-
phy (100-cvele ripple frequeney) is 2,53, and for
25-evele supply (30-cxele ripple frequency) 13,5,
At least twice these produets of induetanee and
eapaeitance should he used to ensure against
resonance cffects. With a swinging choke, the
minimum rated inductanee of the choke should
be used.

@ RATINGS OF FILTER COMPONENTS

Although filter eapacitors in a choke-input
filter are subjected to smaller variations in d.e.
voltage than in the eapacitive-input filter, it is



Transformers

advisable to use eapac itors rated for the peak
transformer voltage in ease the bleeder resistor
should burn out when there is no load on the
power supply, sinee the voltage then will rise to
the same maximum value as it would with a
filter of the capacitive-input tvpe,

In a eapacitive-input filter, the eapacitors
should have a working-voltage rating at least
as high, and preferably somewhat higher, than
the peak-voltage rating of the transformer,
Thus, in the ease of a centor-tap rectifier having
a transformer delivering 330 volts each side of
the center-tap, the minimum  safe capae itor
voltage rating will be 530 X 111 or 773 volts.
An 800-volt eapacitor shonld be used, or pref-
erably a 1000-volt unit.

Filter Capacitors in Series

Filter eapacitors are made in several different
types. Fleetrolytic eapacitors, which are avail-
able for peak voltages up to about 800, combine
high capacitance with small size, since the diclee-
tric is an extremely thin film of oxide on alumi-
num foil. Capacitors of this type may be eon-
nected in series for higher voltages, although the
filtering capacitance will be reduced to the re-
sultant of the two eapacitances in series, H this
arrangement. is used, it is important that each
of the eapacitors be shunted with a resistor of
about 100 ohms per volt of supply voltage, with
a power rating adequate for the total resistor
current at that voltage, These re may
serve as all or part of the bleeder resistance (sm-
choke-input. filters).  Capacitors  with  higher-
voltage r: uinp usually are made with a dicleetrie
of thin paper impregnated with oil. The working
voltage of a capacitor is the voltage that it
will withstand continuously,

istors

Filter Chokes

The input choke may be of the swinging ty pe,
the required mintmum no-load and full-load in-
ductance values being ealeulated as deseribed
above. For the second  choke (smoothing
choke) vilues of 1 to 20 henrvs ordinarily are
used. When filter chokes are placed in the
positive leads, the negative being  grounded,
the windings should he insulated from the core
to withstand the full d.c. output voltage of the
supply and be eapable of handling the required
load current,

Filter chokes or inductances are wound on
iron cores, with a small gap in the core to pre-
vent magnetic saturation of the iron at high
currents, When the iron becomes saturnted its

i —
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Fig. 7-11—In most applications, the filter chokes may

be placed in the negative instead of the positive side of

the circuit. This reduces the danger of o voltoge break-
down between the choke winding and core.

permenbility decreases, consequently the induct-
ance also decreases. Despite the air gap, the in-
duetanece of a choke usually varies to some extent
with the direet current flowing in the winding;
henee it is necessary to specifv the induetance
at the current which the choke is intended to
carry. Its inductance with little or no direet
carrent. flowing in the winding may be consid-
erably higher than the value when full load
current is flowing,

. NEGATIVE-LEAD FILTERING

For many years it has been almost universal
practice to place filter chokes in the positive
leads of plate power supplies. This means that-
the insulation between the choke winding and its
core (which should be grounded to chassis as a
safety measure) must be adequate to withstand
the output voltage of the supply. This voltage
requirement is removed if the chokes are placed
in the negative lead as shown in Fig, 7-11. With
this connection, the eapacitance of the trans-
former secondary to ground appears in parallel
with the filter chokes tending to bypass the
chokes. However, this effect will be negligible in
practieal application exeept in cases where the
output ripple must be reduced to a very low
figure. Such applications are usually limited to
low-voltage devices such as receivers, speech
amplifiers and v.f,0.s where insulation is no
problem and the chokes may be placed in the
positive side in the conventional manner. In
higher-voltage applications, there is no reason
why the filter chokes should not be placed in the
negative lead to reduce insulation requirements.
Choke terminals, negative eapacitor terminals
and the transformer center-tap terminal should
be well protected against aceidental contaet,
sinee these will assume full supply voltage to
chassis should a choke burn out or the chassis
connection fail,

Plate and Filament Transformers

Output Voltage

The output voltage which the plate trans-
former must deliver depends upon the required
d.e. load voltage and the type of filtor cireuit.

With a choke-input filter, the required rams,
secondary voltage (each side of center-tap for a
center-tap rectifier) can be caleulated by the
equation:

= l.l‘:l:'u + (R + R) + 1',',]

where /5, is the required d.e. output voltage,
I is the load current (ineluding bleeder current)
in amperes, By and Ry are the d.e, resistances of
the chokes, and K, is the voltage (lr()p in the
rectifier, £, is the full-load rmes. secondary
voltage; the open-circuit voltage usu: l”) will be
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Fig. 7-12—Diagram showing various
voltage drops that must be taken into
consideration in determining the re-
quired transformer voltage to deliver

the desired output voltage. PRI

5 to 10 per cent higher than the full-load value,
The approximate transformer output voltage
required to give a desired de. output voltage
with 2 given load with a eapacitive-input filter
svstem ean be caleulated with Fig, 7-12,
Example:
Required d.e. output volts — 500
Load current to be drawn — 100 ma. (0.1 amp)

500

HK
Load resistance = (-)) = 5000 ohms,

If the rectifier resistance is 200 ohms, Fig, 7-5
shows that the ratio of d.e. volts to the required
transformer ronns, voltage is approximately 1,135,

The required transformer terminal voltage
under load with chokes of 200 and 300 ohms is

E, +1 ( I+ "'.‘.+Rr)
E =
1.15

= 500 + 0.1 ( 200 + 300 + ‘.’00)

1.15
570
=200 495 volts,
1.1

)

Volt.Ampere Rating

The volt-ampere rating of the transformer
depends upon the type of filter (capacitive or
choke input). With a eapacitive-input filter the
heating effect in the seeondary is higher beeause
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 eritical
induetanee, the secondary volt-amperes can be
ealeulated quite elosely by the equation:

See. V.A. = 0.00075L1

where E is the fotal rans voltage of the sce-
ondary (between the outside ends in the case
of a center-tapped winding) and [ is the d.e.
output eurrent in milliamperes (load  current
plus bleeder eurrent). The primary volt-nmperes
will be 10 to 20 per cent higher beeause of
transformer losscs.

Broadcast & Television Replacement Trans-
formers in Amateur Transmitter Service

Smadl power transformers of the type sold for
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BLEEDER

replacement in broadeast and television receivers
are usually designed for serviee in terms of use
for several hours continuously with capacitor-
input filters. In the usual type of amateur trans-
mitter service, where most of the power is drawn
intermittently for periods of several minutes with
equivalent intervals in between, the published
ratings ean be exeeeded without excessive trans-
former heating.

With capacitor input, it should be safe to draw
20 to 30 per cent more current than the rated
value. With a choke-input filter, an inerease in
current of about 30 per cent is permissible. H n
bridge rectifier is used (with a choke-input filter)
the output voltage will be approximately doubled.
In this case, it should be possible in amateur
transmitter serviee to draw the rated eurrent,
thus obtaining about twice the rated output
power from the transformer.

This does not apply, of eourse, to amatcur
transmitter plate transformers which are usually
already rated for intermittent service,

Filament Supply

Execpt for tubes designed for battery opera-
tion, the filaments or heaters of vaeuum tubes
used in both transmitters and receivers are
universally operated on alternating current ob-
tained from the power line through a step-
down transformer delivering a sceondary volt-
age equal to the rated voltage of the tubes used.
The transformer should be designed to earry
the current taken by the number of tubes which
may be connected in parailel aeross it. The
filament or  heater transformer generally is
eenter-tapped, to provide a balaneed cireuit for
eliminating hun.

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 eaeh seetion of the transmitter, in-
stalled near the tube soekets, This avoids the
neeessity for abnormally large wires to earry
the total filament current for all stages without
appreeinble voltage drop. Maintenanee of rated
filament voltage is highly important, espeeially
with thoriated-filament tubes, since under- or
over-voltage may reduee filament life.

Typical Power Supplies

Figs. 7-13 and 7-11 show typical power-
supply cireuits. Fig. 7-13 is for use with trans-
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formers commonly listed as broadeast or tele-
vision replacement power transformers, In addi-
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T,

Fig. 7-13—Typical a.c. power-
supply circvit for receivers, ex-
citers, or low-power transmit-
ters, Representative values will
be found in Table 7-Il. The
S-volt winding of T, should
have a current roting of ot
least 2 omp. for types 5Y3-GT

HSVAC

tion to the high-voltage winding for
ply,

plate sup-
these transformers have windings that
supply filament voltages for both the rectifier
tube and the 6.3-volt tubes in the receiver or

low-power transmitter or exciter. Transformers
of this type may be obtained in ratings up to
1200 volts r.m.s. center-tapped, 200 d.c. ma.
output,

Fig. 7-13 shows a two-section filter with eapaci-
tor input. However, depending upon the maxi-
mum ham level that may be allowable for o
particular application, the last eapacitor and
choke may not be needed. 1n some low-current
applications, the first capacitor alone may pro-
vide adequate filtering. Table 7-11 shows the
approxinmate full-load and bleeder-load output
voltages and a.c. ripple pereentages for several
representative sets of components. Voltage and
ripple values are given for three points in the
circuit — Point .\ (first capacitor only used),
Point 13 (Iast eapacitor and choke omitted), and
Point ¢ (complete two-seetion filter in use),

and 5V4-GA, ond 3 amp. for
5U4-Gs.

In each ease, the bleeder resistor R should be
used across the output.

Table 7-11 also shows approximate output volt-
ages and ripple percentages for choke-input filters
(first filter eapacitor omitted), for Point B (last
capacitor and choke omitted), and Point C (com-
plete two-section filter, first capacitor omitted).

Actual full-load output voltages may be some-
what lower than those shown in the table, since
the voltage drop through the resistance of the
transformer secondary has not been ineluded.

IFig. 7-14 shows the conventional circuit of a
transmitter plate supply for higher powers. A
full-wave reetifier cireuit, half-wave reetifier
tubes, and separate transformers for high voltage,
rectifier filaments and transmitter filaments are
used. The high-voltage transformers used in
this circuit are usually rated direetly in terms of
d.c. output voltage, assuming rectifiers and filters
of the type shown in Iig. 7-14. Table 7-111 shows
typieal values for representative supplies, based
on commonly available components. Transformer

TABLE 7-11

Cupucntor Input Power Supphes

. [ | A ppra.ti male Approxt mate
T\ Rating 017 Approx.
| A { C L R (I "I‘I,v;;);;da;i ¢ Ihpple % | Quiput Usecful
| Tube I Volts |Qutput
Volts | v | qure ] ‘ " | Bleeder Ma.*
RM.S. | ple yp ! [ Lo
.T.) |~ uf. | Volts| I.  Ohms Ohms | Walts| A B [5 A B
| S P P P _ | N I | N
| [
650 | 40 | BYB-GT l 8 | 600 8 400 90K ! 5 | 375|360 315 | 2.5 0.08 0002 450 | 36
630 | 40 | SV4GA | B GO0 | 8 400 90K | 5 | 410 | 395 | 375 | 2.5 | 0.08 0.002| 430 | 30
700 10 370 350 330 |6 | 0.1 0.002 460 | 82
700 8 | 10 | 410390 (370 6 0.1 l0.002 460 | 82
750 l 150 | 5U4-GB | 8 | 700 | 8 | 10 [375 350 (330 |9 |02 0.006 500 | 136
750 | 150 5V4-GA | 8 | 700 | 8 | 145 | 25K | 10 | 425 | 400 | 380 |9 0.2 (0.006 500 | 136
= | _ | =
800 [ 200 | 5U4-GB | 8 | 700 | 8 120 | 2K | 20 | 375|350 | 325 | 12 | 0.3 | 0.008 550 | 184
| [ Choke-Input Power Supplles ' | | ’
630 AYB-GT | 8 450 |15 | 420 | 18K | 10 | — 210 225 | — | 0.8 0.0 | 265 | 25
650 F 0.8 (0.0l | 280 | 25
1.25 10.02 | 250 | 68
1.25 (0.02 | 280 | 68
750 | 150 | 5YRGT 8 450 12| 150 13K | 20 | — 265 245 — |1 [0.015 325 | 125
—| — e | e, — ——— — — e——n | e ——attg 1 -
750 | 150 | V4-GA 8 | 450 | 12 | 150 Hl\ [ 20 | — 280 260 | — |1 0.015 340 | 125
800 200 SU4GE 8 450 12 | 10 | 4K | 20 | — | 275 | 250 |— 1 0.015 350 | 175

* Balance of transforiner current capacity consumed by bleeder resistor.




fig. 7-14—Conventional power-
supply circuit for higher-power

7-POWER SUPPLIES

transmitters.

Cy, C2—4 pf. for approximately
0.5% output ripple; 2 pf. for
approximately 1.5%, output rip-
ple. C2 should be 4 pf. if supply
is for modulator.
R—25,000 ohms.
t,—Swingirg choke: 5/25 h.,

current rating same as Ta.
t>—Smoothing choke: current

rating same as Tz.

Ti—2.5 volts, 4 omp. for type IIS@VAC

816; 2.5 volts, 10 amp.

for B66A.
T.—D.c. voltage rating same as output voltage.
T;—Voltage and current rating to suit transmitter-tube

Vi—Type 816 for 400/500-volt supply; 866A for
others shown in Table 7-lIl.

requirements. See Table 7-lll for other values.

voltages shown are rep-
presentative for units TABLE 7-111
with dual-voltage sce- — =
ondaries, The bleeder- Approz. D.C. T2

H 5 Approx.
load  voltages  shown OQuiput D) I ‘I;"“f‘”e Bleeder-
may be somewhat 4 .| G| Wats Ol“’;’;,’,",
lower than actually Volts Mar | V.S | Ma ' Volls
found in practice, be- - —| — —
cise transformer re- 400/500 230 | 520/615 250 ' 4 | 700 | 20 440/510
sistance has not been e 200 D i e [— Py
included. Ripple at the |70 | <7 [ YA 8 | 199 _L()Ql (el |
output of the first filter 1250/1500 210 | 1300/1750 | 300 8 2000 150 | 1300/1600
seetion will be approxi- 1250/1500 | 410 | 1500/1750 500 6 2000 150 1315/1615
mately 5 per cent with 4= e [ 2i00/200 | 300t | 8 3000 | 8200 | 2030/2550 |
a H-pf. capacitor, or 10 - I | LR _ 030/2550
per cent with a 2-pf. 100 2400/2900 500 6 3000 3200 | 2065/2565
capacitor. Transform- 250073000 380 | 2500/31450 3005 | 6 } 1000 5008 2565/3065
ers made for amateur _ _ I I S
S("’V"'(" are (l(‘b‘lg"(?d for 1 Balance of transformer current rating eonsumed by bleeder resistor.
choke-input. If a ea- 2 I'se two 160-watt, 12.500-0lun units in series.
]):l(‘ilor-inp"t is used 3 1'se five 100-watt, 5000-0hm units in series.
i — Wl o G 4 Regutation will be somewhat better with a 400- or 500-ma. choke.
rating shou (_ ¢ res- 5 Regulation will be somewhat better with a 550-ma. ehoke.
duced about 30%.

Voltage

Series Voltage-Dropping Resistor

Certain plates and screens of the various
tubes in a transmitter or receiver often require
a variety of operating voltages differing from
the output voltage of an available power supply.
In most ecases, it is not cconomically feasible
to provide a separate power supply for each of
the required voltages. 1f the current drawn
by an clectrode, or eombination of cleetrodes
operating at the same voltage, is reasonably
constant under normal operating conditions,
the required voltage may be obtained from a
supply of higher voltage by means of a voltage-
dropping resistor in series, as shown in Fig.
7-15A. The value of the series, resistor, [2), may

. yon
be obtained from Ohm’s Law, B = — where

Eq4 s the voltage drop required from the sup-
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Dropping

ply voltage to the desired voltage and I is the
total rated current of the load.

Example: The plate of the tube in one stage
and the sereens of the tubes in two other stages
require an operating voltage of 250, The ncarest
available supply voltage is 100 and the total of
the rated plate and sereen currents is 75 ma. The
required resistance is

400 — 250
- 0.075

The power rating of the resistor is obtained
from P (watts) = I2R = (0.075)% (2000) = 11.2
watts. A 20-watt resistor is the necarest safe
rating to be used.

= 2000 ohms.

Voltage Dividers

The regulation of the voltage obtained in this
manner obviously is poor, since any change in
current through the resistor will cause a di-
reetly proportional change in the voltage drop
across the resistor. The regulation ean be im-
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+o — WA — o+
Ry
FROM
POWER TO LOAD
SUPPLY
-o-

—0-
(ay 77

Fig. 7-15—A—Series voltage-dropping resistor. B—
Simple voltage divider. C—Multiple divider circuit,
E: — E E—E

) ThFhtk

3]
Ri= —; Ry = > —_~1,
Iy b+n’

proved somewhat by connecting a sccond re-
sistor from the low-voltage end of the first to
the negative power-supply terminal, as shown
in Fig. 7-15B. Such an arrangement constitutes
a voltage divider. The sccond resistor, Ry, acts
ag a constant load for the first, ), so that
any variation in eurrent from the tap becomes
a smaller pereentage of the total eurrent through
£21. The heavier the current drawn by the re-
sistors when they alone are conneeted across
the supply, the better will be the voltage regu-
lation at the tap,

Such a voltage divider may have more than
a single tap for the purpose of obtaining more
than one value of voltage. A tvpical arrange-
ment is shown in Fig. 7-15C. The terminal
voltage is K, and two taps are provided to give
lower voltages, Iy and ., at currents Iyand [,
respeetively. The smaller the resistanee be-
tween tapsin proportion to the total resistance,

— O+

POWER R, TO LOAD

-0 o~
B 7

+0—o

FROM
POWER
SUPPLY

oy, Sa—

the smaller the voltage between the taps. For
convenience, the voltage divider in the figure
is considered to be made up of separate re-
sistances 83, 12y, Its, between taps. I3 carries
only the bleeder current, [y; 2y carries I, in
addition to [y; 125 earries /9, /1 and Iy, To cal-
culate the resistances required, a bleeder cur-
rent, [, must be assumed; generally it is low
compared with the total load eurrent (10 per
cent or so). Then the required values can be
caleulated as shown in the caption of Fig. 7-15C,
I being in decimal parts of an ampere,

The method may be extended to any desired
number of taps. cach resistance seetion being
caleulated by Ohm's Law using the needed vol-
tage dropacrossit and the total eurrent through
it. The power dissipated by each seetion may
be caleulated either by multiplying / and £ or
[?and R,

Voltage Stabilization

Gaseous Regulator Tubes

There is frequent need for maintaining the
voltage applicd to a low-voltage low-current
circuit at a practieally constant value, regard-
less of the voltage regulation of the power
supply or variations in load current. In such
applications, gascous  regulator tubes (0C3
VR105, 0D3/VR 1530, ete)) ean be used to good
advantage. The voltage drop across sueh tubes
is constant over a moderately wide eurrent
range. Tubes are available for regulated volt-
ages near 150, 105, 90 and 75 volts,

The fundamental cireait for a gascous regu-
lator is shown in Ilig. 7-16.A. The tube is con-

UNREGO N UNREGO .

b O

+ 0

FROM POWER-

SUPPLY OUTPU A FROM

POWER-~
SUPPLY
ouTPLT

(A) (=)
Fig. 7-16—Voltage-stabilizing circvits using VR tubes.

neeted in series with a limiting resistor, R’y
across a source of voltage that must be
higher than the starting voltage, The starting
voltage is about 30 to 40 per cent higher than the
operating voltage. The load is connected in
parallel with the tube. For stable operation, a
minimum tube current of 5 to 10 ma. is re-
quired. The maximum permissible current with
most types is 40 ma.; consequently, the load
current cannot exeeed 30 to 35 ma. if the volt-
age is to be stabilized over a range from zero
to maximum load current.

The value of the limiting resistor must lie
between that which just permits minimum
tube current to flow and that which just passes
the maximum permissible tube eurrent when
there is no load current. The latter value is
generally used. 1t is given by the equation:

R = (Es_Er)
/

where I 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
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I is the maximum tube current in amperes,

(usually 10 ma., or 0.01 amp.).

Fig. 7-16B shows how two tubes may be
used in series to give a higher regulated volt-
age than is obtainable with one, and also to
give two values of regulated voltage. The lim-
iting resistor may be ealculated as above, using
the sum of the voltage drops across the two
tubes for ;. Since the upper tube must earry
more current than the lower, the load con-
nected to the low-voltage tap must take small
current. The total current taken by the loads
on both the high and low taps should not ex-
ceed 30 to 35 milliamperes.

Voltage regulation of the order of 1 per eent
can be obtained with these regulator eircuits,

A single VR tube may also be used to regulate
the voltage to a load current of almost any value

7-POWER SUPPLIES

Fig. 7-17—Electronic voltage-regu-
lator circuit. Resistors are /2 watt unless
specified otherwise.

so long as the pariation in the current does not
exceed 30 to 35 ma. I, for example, the average
load current is 100 ma., & VI tube may be used
to hold the voltage constant provided the cur-
rent does not fall below 85 ma. or rise above 115
ma. In this ease, the resistance should be ealeu-
lated to drop the voltage to the VR-tube rating
at the maximum load ewrrent to be expeeted plus
about 5 ma. If the load resistance ix constant, the
effeets of variations in line voltage may be elimi-
nated by basing the resistance on the load eur-
rent plus 15 ma. Voltage-regulator tubes may
also be connected in parallel as deseribed later
in this chapter.

Electronic Voltage Regulation
Several cireuits have been developed for regu-
lating the voltage output of a power supply elee-

S V.AC.

Fig. 7-18—Circvit diagram of

an electronically-regulated

power supply rated ot 300
volts max., 150 ma. mox.

Ci, C2, C5—16-uf. 600-volt electrolytic.
C3—0.015-uf. paper.

Cs—0.1-uf. paper.

Ry—0.3 megohm, /2 watt.

Rz, R3— 100 ohms, Y2 watt.

Ri—510 ohms, V2 watt.

R;, Rs—30,000 ohms, 2 watts.
Rg—0.24 megohm, V2 watt.

R7—0.15 megohm, %2 watt.
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Ro—9100 obms, 1 watt,

Rio—0.1-megohm potentiometer.

Ri1—43,000 ohms, Y2 watt.

L;—8-hy., 40-ma. filter choke.

S1—S.p.s.t. toggle.

T,—Power transformer: 375-375 voltsr.m.s., 160 ma.;

6.3 volts, 3 amps.; 5 volts, 3 amps.
{Thor. 22R33).
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tronieally. While more complicated than the VRR-
tube circuits, they will handle higher voltages and
currents and the output voltage may be varied
continuously over a wide range. In the cireuit of
Fig. 7-17, the 0C3 regulator tube supplies o refer-
enee of approximately 105 volts for the 6ATG
control tube. When the load connected across the
output terminals inercases, the output voltage
tends to deercase. This drops the voltage on the
control grid of the 6.AUG, causing the tube to
draw less current through the 2-megohm plate
resistor, As a consequence the grid voltage on the
807 series regulator rises and the voltage drop
across the 807 decreases, compensating for the
reduction in output veltage. With the values
shown, adjustment of ) will give a regulated
output from 150 to 250 volts, at up to 60 or 70
ma. A 6L6-GB ean be substituted for the type
807: the available output current can he in-
creased by adding one or more tubes in parallel
with the series regulator tube. When tubes are
conneeted in parallel, 100-ohm resistors should
he wired to each control grid and plate terminal,
to reduee the chanees for parasitie oseillations,
Another similar regulator circuit is shown in
Fig. 7-18. The principal difference is that sereen-
grid regulator tubes are used. The fact that a
sereen-grid  tube s relatively  insensitive to
changes in plate voltage makes it possible to ob-
tain o reduction in ripple voltage adequate for
many purposes simply by supplying filtered d.c.
to the sereens with o consequent saving in weight
and cost, The accompanving table shows the
performance of the cireuit of Fig. 7-18. Column 1
shows various output voltages, while Column 11
shows the maximum current that ean be drawn at
that voltage with negligible variation in output
voltage. Column 11T shows the measured ripple
at the maximum current. The seeond part of the

Table of_Perforgtance for Circuit of Fig. 7-18

1 H 111 Output voltage — 300
450 v 22 3 mv., 150 ma, 2.3 mv,
125 135 ma. 4 mv. 125 ma. 2.8 mv.
100 v 72 ma. O mv, 100 ma. 2.6 mv.
RPERY 97 ma. 8 mv, T3ma. 2.5 mv,
REJIRS 122 ma. 9.5 mv, 50 ma, 3.0 mv.
323 v. | 150 ma, 3 mv. 25 ma. 3.0 mv.
300 v. 150 ma. 2.3 mv, 10 ma. 2.5 mv.

table shows the variation in ripple with load cur-
rent at 300 volts output.,

High-Voltage Regulators

Regulated sereen voltage is required for sereen-
grid tubes used as linear amplifiers in single-side-
band operation. Figs. 7-19 through 7-22 show
various different cireuits for supplving regulated
voltages up to 1200 volts or more,

In the eircuit of Fig. 7-19, gas-filled regulator
tubes are used to establish a fixed reference
voltage to which ix added an cleetronically
regulated variable voltage. The design ean be
maodified to give any voltage from 225 volts to
1200 volts. with each design-center voltage vari-
able by plus or minus 60 volts.

The output voltage will depend upon the
number and voltage ratings of the VIR tubes in
the string between the 991 and ground. The
total VR-tube voltage rating needed can be
determined by subtracting 250 volts from the
desired output voltage. As examples, if the
desired ontput voltage is 330, the total VRR-
tube voltage rating should be 3530 — 250 = 100
volts. In this case, & VR-105 would be used.
For an output voltage of 1000, the VR-tube
voltage rating should be 1000 — 250 = 750 volts,
In this ease, five VR-150s would be used in
series.

300
T
2 ol el
(o
2
T SRAGY
ns v,
‘[ 66 €547
2 7 2 7
T
63V,
v A}

O+

It
L

Fig. 7-19—High-voltage regulator circuit by W4PRM. Resistors are 1 watt uniess indicated otherwise,

Ci, Co—4-uf. poper, voltage rating above peak-voltage
output of Ty.

C3—0.1-uf. paper, 600 volts.

Ca—12-uf. electrolytic, 450 volts.

C5—40 uf., voltoge rating above d.c. output voltage.
Con be made up of o combination of electrolytics
in series, with equalizing resistor. (See section
on ratings of filter components.)

Ce—4-uf. paper, voltage rating above voltoge rating of

VR string.

R1—50,000-chm, 4-watt potentiometer.

R2—Bleeder resistor, 50,000 to 100,000 ohms, 25 watts
(not needed if equalizing resistors mentioned
above are used).

Ti—See text.

Te—Filament transformer; 5 volts, 2 amp.

Ts—Filament transformer; 6.3 volts, 1.2 amp.

Vi, V2, Vz—See text.
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The maximum voltage output that can be ob-
tained is approximately equal to 0.7 times the
r.m.s. voltage of the transformer 71, The eurrent
rating of the transformer must be somewhat
above the load current to take care of the
voltage dividers and bleeder resistances.

A single 6L6 will handle 80 ma. For larger
currents, 6162 may be added in parallel.

The heater eircuit supplying the 6L6 and
65J7 should nof be grounded, The shalt of 1y
should be grounded. When the output voltage
is above 300 or 100, the potentiometer should
be provided with an insulating mounting, and
should he controlled from the panel by an ex-
tension shaft with an insulated coupling and
grounded control.

In some cases where the plate transformer
has suflicient current-handling capacity, it may
be desirable to operate a sereen regulator from
the plate supply, rather than from a separate
supply. This can be done it a regulator tube is
used that ean take the required voltage drop. 1n
IFig. 7-20, a type 211 or 8124 is used, the control

+3000V.D.C.

TO T,
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+500°TO Fig. 7-20—Screen regulator circuit de-
T 700v.  signed by WQOKA., Resistances are in
5 ohms (K = 1000).
AC R1— 6000 ohms for 211; 2300 ohms
for 812A, 20 watts,
R2— 25,000 ohms, 10 watts.
R3—Output voltage control, 0.1- meg-
'-(Z)OT_K ohm, 2-watt potentiometer.
Ti—Filament transformer: 10 volts,
3.25 amp. for 211; 6.3 volts,
4 amp. for 812A.
6AQ5 Te—Filament tronsformer: 6.3 volts,
1 amp.
3 4
rae———
15 V.A C. tube being a 6AQ5. With an input voltage of

1800 to 2000, an output voltage of 500 to 700
can be obtained with a regulation better than
1 per cent over a current range of 0 to 100 ma.
In the cirenit of Mg, 7-21, a V-70D (or 8003)
is used as the regulator, and the control tube is
an 807 which ean take the full output voltage,
making it unnecessary to raise it above ground
with VR tubes. If taps are switeched on /2y, the
output voltage ean be varied over a wide range.
Inereasing the sereen voltage deereases the output
voltage. For each position of the tap on Ry, de-
creasing the value of Ry will lower the minimum
output voltage as 2 is varied, and deereasing the

Fig. 7-21 —This regulator circuit used by W1SUN oper-

ates from the plate supply and requires no VR string.

A small supply provides screen voltage aond reference
bias for the control tube.

Urless otherwise marked, resistances are in ohms.

(K = 1000). Capacitors are electrolytic.

R1—50,000-0hm, 50-watt adjustable resistor.

R2—0.1-megohm 2-watt potentiometer.

R3—4.7 megohms, 2 watts.

Ri—0.1 megohm, 2 watt.

Ti—Power transformer: 470 volts center tapped, 40 ma.;

5 volts, 2 amps.; 6.3 volts, 2 amps.
To—Filament transformer: 7.5 volts, 3.25 cmp. {for

V-70D).
i -0
T, +850 T0
2 1500 V. REG.
} 115 v.a.C.
R3 4 TMEG.




Bias Supplies

+1500 V.
TO PLATES
R { I +750 V.
o— O rec. T0
i SCREENS
Fig. 7-22—Shunt screen regulotor used by
W2AZW. Resistonces ore in ohms (K = 1000).
100K .
T —0. f. f
— Tw. C—0.01 ut, 4'00 volts if needed to suppress
VOLTAGE oscillotion.
POWER o A M)—See text.
SUA T oo Ri—Adjustoble wire-wound resistor, resist-
oW, once ond wottoge os required.
100%
W,
€ _io
==z
o—— inverse proportion to the eurrent being drawn by

value of R4 will raise the maximum output volt-
age. However, if these values are made toe small,
the 807 will lose control,

At 850 volts output, the variation over o
current change of 20 to 80 ma. should be negligi-
ble. At 1500 volts outpmt with the same earrent
change, the variation in output voltage should
be less than three per cent. Up to 88 volts of grid
bias for a Class A or Class A3 amplifier may
be taken from the potentiometer across the refer-
ence-voltage source. This hins cannot, of conrse,
he used for hiasing a stage that is deawing grid
current,

A somewhat different type of regulator is the
shunt regulator shown in Fig, 7-22. The VIR tubes
and /22 in series are across the output. Ninee the
voltage drop across the VIR tubes is constant,
any change in output voltage appears across s,
This causes a change in grid bias on the S11-A
erid, enusing it to draw more or less current in

the amplifier screen. This provides a constant
load for the series resistor 12y,

The output voltage is equal to the sum of the
VR drops plus the grid-to-ground voltage of the
811-A. This varies from 5 to 20 volts between
full load and no load. The initial adjustment is
made by placing a milliammeter in the filament
center-tap lead, as shown, and adjusting /2y for
a reading of 15 to 20 ma. higher than the normal
peak sereen current. This adjustment should be
made with the amplifier conneeted but with no
excitation, so that the amplifier draws idling
current. After the adjustment is complete, the
meter may be removed from the eireuit and the
filament center tap conneeted direetly to ground.
Adjustruent of the tap on 2y should. of course,
be made with the high voltage turned off.

Any number of VR tubes may be used to pro-
vide a regulated voltage near the desired value
The maximum current through the 811-A should
be limited to the maximum plate-current rating
of the tube. If larger eurrents are necessary, two
S11-Ax may he conneeted in parallel. Over a
eurrent range of 5 to 60 ma., the regulator holds
the output voltage constant within 10 or 15 volts.

Bias Supplies

As discussed in Chapter 6 on high-frequency
transmitters, the chief function of a bias supply
for the r.f. stages of a transmitter is that of pro-
viding protective bias, although ander eertain
circumstances, a bias supply, or pack, as it is
sometimes called, can provide the operating bias
if desired.

Simple Bias Packs

Fig. 7-23\ shows the diagram of a simple
bias supply. /2 should be the recommended
grid leak for the amplifier tube. No grid leak
should be used in the transmitter with this
type of supnly. The output voltage of the sup-
ply, when amplifier grid current is not flowing,
should be some value between the bias re-

quired for plate-current eut-off and the recom-
mended operating bias for the amplifier tube.
The transformer peak voltage (1.4 times the
r.nes. value) should not exeeed the recom-
mended  operating-bias value, otherwise the
output voltage of the pack will soar above the
operating-bias value with rated grid current.

This soaring ean be reduced to o considerable
extent by the use of a voltage divider aeross
the transformer secondary, as shown at . Such
a system can be used when the transformer volt-
age is higher than the operating-hins value. The
tap on /22 should be adjusted to give amplifier
cut-off bias at the output terminals, The lower
the total value of £2s, the less the soaring will be
when grid current flows,
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Fig. 7-23—Simple bias-supply circvits. In A, the peak

transformer voltage must not exceed the operating value

of bias. The circuits of B (half-wave) and C (full-wave)

may be used to reduce transformer voltage to the rectifier.
Ry is the recommended grid-leak resistance.

FROM BIAS
SUPPLY BIAS
+ O ’_I_’ —o t
{A)

FROM BIAS
SUPPLY VR

SC & °F

FROM BIAS
SUPPLY VR

BIAS

+ o —0 +

{0

Fig. 7-24—lllustrating the use of VR tubes in stabilizing
protective-bias supplies. Ri is a resistor whose value is
adjusted to fimit the current through each VR tube to
5 ma. before amplifier excitation is applied. R and Rz
are current-equalizing resistors of 50 to 1000 ohms.
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A full-wave cireuit is shown in Fig. 7-23C. '3
and R4 should have the same total resistance and
the taps should be adjusted svmmetrically. In
all cases, the transformer must be designed to
furnish the eurrent drawn by these resistors plus
the current drawn by ).

Regulated Bias Supplies

The inconvenience of the eircuits shown in
Fig. 7-23 and the difficulty of predieting
values in practical application can be avoided
in most cases by the use of gascous voltage-
regulator tubes across the output of the bias
supply, as shown in Fig. 7-24A, A VR tube
with a voltage rating anywhere between the
biasing-voltage value which will reduce the in-
put to the amplifier to a safe level when exeita-
tion is removed, and the operating value of
bias, should be chosen. ) is adjusted, with-
out amplifier excitation, until the VR tube
ignites and draws about 5 ma, Additional voit-
age to bring the bias up to the operating value
when excitation is applied ean be obtained
from a grid leak resistor, as discussed in the
transmitter ehapter.

Iiach VR tube will handle 40 ma. of grid cur-
rent. If the grid current exceeds this value under
any condition, similar VR tubes should be added
in parallel, as shown in Fig. 7-24B, for cach 140
ma., or less, of additional grid current. The

- A ) -
A%, R R
VR VR
FROM BIAS e
SUPPLY R R
VR VR
+0 —0 +
o
W SBIAS 1
A\
R _
WA — —3BIAS 2
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Bias Supplies
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P 6.3VAC
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Fig. 7-25—Circuit diagram of an electronically-regulated bias supply.

Cy—20-uf. 450-volt electrolytic.
Ca—20-puf. 150-volt electrolytic.
R1—5000 ohms, 25 watts.
R2—22,000 ohms, 2 watt.

R3— 68,000 ohms, V2 watt.
Rs—0.27 megohm, V2 watt.
R5—3000 ohms, 5 watts.
Rs—0.12 megohm, 2 watt.

resistors 22 are for the purpose of helping to
maintain equal eurrents through cach VIR tube,
and should have a value of 50 to 1000 ohms or
more.

If the voltage rating of a single VR tube is
not sufficiently high for the purpose, other VR
tubes may be used in series (or series-parallel if
required to satisfy grid-current requirements) as
shown in the diagrams of Fig. 7-24C and D.

If a single value of fixed bias will serve for
more than one stage, the biasing terminal of
each such stage may be connected to a single
supply of this type, provided only that the
total grid current of all stages so connceted
does not exceed the current rating of the VR
tube or tubes. Alternatively, other separate
VRR-tube branches may be added in any de-
sired combination to the same supply, as in Fig.
7-241%, to adapt them to the needs of each stage.

Providing the VRR-tube current rating is not
exceeded, a series arrangement may be tapped
for lower voltage, as shown at I°.

The circuit diagram of an electronically
regulated bias-supply is shown in Iig. 7-25.
The output voltage may be adjusted to any
value between 40 volts and 80 volts and the
unit will handle grid currents up to 35 ma. over
the range of 50 to 80 volts, and 25 ma. over the
remainder of the range. If higher current-
handling capacity is required, more 2A3s can
be conneeted in parallel with V3. The regula-
tion will hold to about 0.01 volt per milliampere
of grid current. The regulator operates as fol-
lows: Since the voltage drop across V3 and Vy
is in parallel with the voltage drop across ¥y
and R, any change in voltage across Vi will
appear across I beeause the voltage drops aeross
both VR tubes remain constant. 25 is a cathode
biasing resistor for Vs, so any voltage change
across it appears as a grid-voltage change on 1.
This change in grid voltage is amplified by V%
and appears across Ry which is connected to the
plate of V2 and the grids of V3. This change in

R7—0.1-megohm potentiometer.
R.—27,000 ohms, V2 watt.
L1—20-hy. 50-ma. filter choke.
Ti—Power transfarmer: 350 volts
r.m.s. each side of center
50 ma.; 5 volts, 2 amp.;
6.3 volts, 3 amp.
To—2.5-volt filament transformer
(Thordarson 21F00).

voltage swings the grids of 173 more positive or
negative, and thus varies the internal resistance
of 13, maintaining the voltage drop across Vg
practically constant.

Other Sources of Biasing Voltage

In some cases, it may be convenient to ob-
tain the biasing voltage from a source other
than a separate supply. A half-wave rectifier
may be connected with reversed polarization
to obtain binsing voltage from a low-voltage
plate supply, as shown in Fig. 7-26A. In an-

PRI - VR

BIAS

B
h

SEC SEC

8

Fig. 7-26—Convenient means of obtaining biasing volt-

age. A—From o low-voltage plate supply. B—From

spare filament winding. T is a filament transformer, of o

voltage output similar to that of the spare filament wind-

ing, connected in reverse to give 115 volts r.m.s. output.

If cold-cathode or selenium rectifiers are used, no oddi-
tional filament supply is required.

other arrangement, shown at B, a spare fila-
ment winding ean be used to operate a filament
transformer of similar voltage rating in reverse
to obtain a voltage of about 130 from the
winding that is customarily the primary. This
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will be sufficient to operate a VRR75 or VIR0
regulator tube.

A bias supply of any of the types discussed
requires relatively little filtering, if the output-

7-POWER SUPPLIES

terminal peak voltage does not approach the
operating-bias value, beeause the effect of the
supply is entirely or largely “washed out’” when
grid current flows.

Selenium-Rectifier Circuits

While the cireuits shown in Iligs. 7-27, 7-28
and 7-2% may be used with any type of reeti-
fier, they find their greatest advantage when
used with sclenium reetifiers which require no
filiment transformer. These cirenits must he
used with eaution, observing line polarity in the
cirenits <o marked, to avoid shorting the line,
sinee the negative output terminal should always
be grounded. In cireuits showing isolating trans-
formers, the transformer is o requirement, since
without the transformer, the negative output
terminal eannot be grounded in following good
practice for safety without shorting out part of
the reetifter cireuit. In the eireuits which do not
show a transformer, the transformer is preferable,
sinee it avoids the need for a correctly polarized
power-line connection to prevent a short eireuit.

—1 1
|

HSvAaC
Fig. 7-27 —Simple half-wave circuit for selenium rectifier.

GND SIOE I
C1—0.05-uf. 600-volt poper.

C2—40-puf. 200-volt electrolytic.
R1—25 to 100 ohms.

—AAn
Rl

»l
L}

C.5

A

Fig., 7-27 is a straightforward half-wave
rectifier cireuit which may be used in applica-
tions where 115 to 130 volts d.e. is desired. It
can be used as a bias supply by reversing the
polarity of the rectifier and ecapacitors,

Three voltage-doubler eirenits are shown
in Fig. 7-28. At A is a full-wave cirenit,
while the other two, at A and B, are half- s
VAC

Fig. 7-28—Voltage-doubling circuits for use with
selenium rectifiers. Maximum bock voltage on
rectifiers is 2.8 Erms. Voltage rating ot least 1.4
Erms for Ci, at least 2.8 Erms for Co.

Ci—40-uf. electrolytic.

C2—40-uf. electrolytic,

R1—25 to 100 ohms.

wave eircuits, Although casier to filter, the eircuit
of .\ has the disadvantage that the output cannot
be grounded direetly unless an isolation transfor-
mer is used. B and (Y are similar, except that the
series capacitor is in different sides of the cireuit.
The output of B can be grounded direetly if
proper line polarity is observed. Cireuit C,
which ineludes a filter for illustration purposes,
requires an isolation transformer if the output
is to be grounded, but sinee all three eapacitors,
including the filter eapacitor, have a common
negative connection, a triple-unit eapacitor may
be used where space must be conserved.,

Fig, 7-29 shows voltage tripler and quad-
rupler eirenits. The eirenit of A is a halfwave
tripler. A full-wave tripler, requiring an addi-
tional rectifier element, is shown at B. The
circuit of PFig, 7-29C is a half-wave voltage
quadrapler. The full-wave version is shown at
. Both full-wave cireuits require an isolation
transforier to permit grounding of the output,

In the cireuits of Figs, 7-28 and 7-29 where
an isolation transformer is not shown, it is es-
sentinl that the indieated line polarity be ob-
served if the output is to he grounded. Other-
wise part of the eircuit will be shorted out.

The resistors Ry are for reetifier protective
purposes, and recommended minimum  values
are given in the table at the end of this seetion.
The value of eapacitanee given is representative.
Larger values will improve voltage regulation.
Smaller values may be used at o sacrifice in
regulation,

Ksl
|
R

2.8Eme
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+ 325(mox.)

Li—Filter choke. 115
Ti—Isolation transformer. VAL
115
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Selenium Rectifiers

GND. SIDE
o—= O~
=L +
R
HER'A U
a.C. +
o——d4
O +
Fig. 7-29—A—Tripler circvit. B—Half-wave Q _L.,.
quadrupler. C—Full-wave quadrupler. ==
C1—40-puf, 200-volt electrolytic. s T e 1t
Co—40-pf. 450-volt electrolytic. VAC J_ B,
Ca—48-uf. 600-volt electrolytic (three 16-uf. cp Lt
units in parallel). Pt ‘l"—
Cy—48-pf. 700-volt electrolytic (three 16-uf. AN 0-
units in parallel), It
Ri—25 to 100 ohms. 8
Ti—Isolating transformer., g
1
T Y ol <l
nsv. { A ==
AC. ¢ | N T
—[ S - —o-
I
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Power-Line Considerations

@ POWER-LINE CONNECTIONS

If the transmitter is rated at much more
than 100 watts, special consideration should be
given to the ace Jine running into the station.
In some residential systems, three wires are
brought in from the outside to the distribution
board, while in other systems there are only
two wires. In the three-wire system, the third
wire is the neutral which is grounded. The
voltage between the other two wires normally
is 230, while half of this voltage (115) appears
between each of these wires and neutral, as
indicated in Fig. 7-30A. In systems of this
type, usually it will be found that the 115-
volt houschold load is divided as evenly as
possible between the two sides of the cireuit,
half of the load being connected hetween one
wire and the neuatral, while the other half of
the load is connected between the other wire
and neutral. Heavy appliances, such as electrie

n

NO FUSE
=} OR SWITCH
FUSE | FUSE
1SV 15V m
230V
(A) (B)

stoves and heaters, normally are designed for
230-volt operation and therefore are conneeted
across the two ungrounded wires. While both
ungrounded wires should be fused, a fuse
should never be used in the wire to the neutral,
nor should a switeh be used in this side of the
line. The reason for this is that opening the
neutral wire does not disconnect the equip-
ment. It simply leaves the equipment on one
side of the 230-volt circuit in series with what-
ever load may be across the other side of the
cireuit, as shown in Fig. 7-3013. Furthermore,
with the neutral open, the voltage will then be
divided between the two sides in inverse propor-
tion to the load resistance, the voltage on one side
dropping below normal, while it soars on the
other side, unless the loads happen to be equal.

The usual line running to baseboard outlets
is rated at 15 amperes. Considering the power
consumed by filaments, lamps, modulator, re-
ceiver and other auxiliary equipment, it is not

(@)

D)

Fig. 7-30—Three-wire power-line circuits. A—Normal 3-wire-line termination. No fuse should be used in the grounded

{neutral)line.B—Showing that a switchin the neutral does not remove voltage from ether side of the line. C—Connections

for both 115- and 230-volt transformers. D—Operating a 115-volt plate transformer from the 230-volt line to avoid
light blinking. T1 is @ 2-to-1 step-down transformer.
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unusual to find this 15-ampere rating exceeded
by the requirements of a station of only mod-
erate power. It must also he Kept in mind that
the same branch may be in use for other house-
hold purposes through another outlet. For this
reason, and to minimize light blinking when
keving or modulating the transmitter, a sepa-
rate heavier line should be run from the dis-
tribution board to the station whenever
possible. (A three-volt drop in line voltage
will cause noticeable light blinking.

If the syvstem is of the three-wire type, the
three wires should he brought into the station
so that the load ean be distributed to keep the
line halanced. The voltage across a fixed load
on one side of the cireuit will inerease as the
loadd current on the other side s inercased,
The rate of increase will depend upon the resist-
ance introduced by the neutral wire, If the
resistance of the neutral is low, the increase
will be correspondingly small, When the cur-
rents in the two eirenits are balaneed, no eurrent
flows in the neutral wire and the system is
operating at maximum eflicieney.

Light blinking ecan be minimized by using
transformers  with  230-volt primaries in the
power supplies for the keved or intermittent part
of the load, connecting them across the two
ungrounded  wires with no conneetion to the
neutral, as shown in Fig. 7-30C. The same
can be accomplished by the tnsertion of a step-
down transformer whose primary operates at
230 volts and whose secondary delivers 115
volts,  Conventional  115-volt  transformers
may be operated from the secondary of the
step-down transformer (see Fig. 7-30D).

When a special heavy-duty line is to be in-
stalled, the loeal power company should be
consulted as to local requirements. In some
localities it 18 necessary to have sueh a job
done by a licensed eleetrician, and there may
be special requirements to be met in regard to
fittings and the manner of installation. Some
amateurs terminate the special line to the
station at a switeh box, while others may use
clectrie-stove receptacles as the termination. The
power is then distributed around the station by
means of conventional outlets at  convenient
points. All cireuits should he properly fused.

Fusing

All transformer primary  eireaits should be
properly fused. To determine the approximate
current rating of the fuse to be used, multiply
cach current being drawn from the supply in
amperes by the voltage at which the current is
being drawn. Include the carrent taken by
bleeder resistances and  voltage  dividers, In
the case of series resistors, use the source voltage,
not the voltage at the cquipment end of the
resistor. Include filament power if the transformer
is supplving filaments, After multiplying the
various voltages and currents, add the individual
products, Then divide by the line voltage and
add 10 or 20 per eent. Use o fuse with the nearest
larger current rating.

240

7-POWER SUPPLIES

@ LINE-VOLTAGE ADJUSTMENT

In eertain communities trouble is sometimes
experienced from fluetuations in line voltage.
Usually these fluetuations are caused by a
variation in the load on the line and, since
most of the variation comes at certain fixed
times of the day or night, such as the times
when lights are turned on at evening, they may
be taken eare of by the use of a manually
operated compensating device. A simple ar-
rangement is shown in Fig. 7-31A, A toy trans-
former is used to boost or buck the line voltage

10 10
‘T TRANS ? TRaNS T
SEC | .Y
PRI
[} II5VACl o HIS5VAC
(A) B)

Fig. 7-31—Two methods of transformer primary control.
At A is o tapped toy transformer which may be connected
so as to boost or buck the line voltage as required. At B
is indicated o variable transformer or autotransformer
{Variac) which feeds the transformer primaries.

as required. The transformer should have a
tapped secondary varying between 6 and 20
volts in steps of 2 or 3 volts and its secondary
should be eapable of carryving the full load eur-
rent of the entire transmitter, or that portion
of it fed by the toy transformer.

The sceondary is conneeted in series with the
line voltage and, if the phasing of the windings
is correet, the voltage applied to the primaries
of the transmitter transformers ean be brought
up to the rated 115 volts by setting the toy-trans-
former tap switeh on the right tap. If the
phasing of the two windings of the toy trans-
former happens to be reversed, the voltage will
be redueed instead of increased. This eonnee-
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 affeet the
voltage regulation as seriously. The eireuit of
7-311 illustrates the use of a variable autotrans-
former (Variac) for adjusting line voltage.

Another scheme by which the primary volt-
age of cach transformer in the transmitter may
be adjusted to give a desired secondary voltage,
with a master control for compensating for
changes in line voltage, is shown in Fig. 7-32.

This arrangement has the following features:

1) Adjustment of the switch Sy to make the
voltmeter read 105 volts automatically adjusts
all transformer primaries to the predetermined
correct voltage.



Power Supply Construction
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Fig. 7-32—With this circuit, a single adjustment
of the tap switch S, places the correct primary
voltoge on all transformers in the transmitter.
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2) The necessity for having all primaries
work at the same voltage is eliminated. Thus,
110 volts ean be applied to the primary of one
transformer, 115 to another, cte., as required to
obtain the desired output voltage.

3) Independent eontrol of the plate trans-
former is afforded by the tap switeh S, This
permits power-input control and does not re-
quire an extra autotransformer.

Constant.Voltage Transformers
Although comparatively expensive, special

]E

transformers called constant-voltage transform-
ers are available for use in cases where it is
neeessary to hold line voltage and/or filament
voltage constant with fluctuating supply-line
voltage. They are rated over a range of 17 v.a.
at 6.3 volts output, for small tube-heater de-
mands, up to <everal thousand volt-amperes at
115 or 230 volts. In average figures, such trans-
formers will hold their output voltages within
one per cent under an input-voltage variation
of 30 per cent.

Construction of Power Supplies

The length of most leads in a power supply
is unimportant, so that the arrangement of
components from this consideration is not a
factor in construction. More important are
the points of good high-voltage insulation,
adequate conductor size for filament wiring,
proper ventilation for rectifier tubes and —
most important of all — safety to the operator.
lixposed  high-voltage terminals or wiring
which might be bumped into aecidentally
should not be permitted to exist. They should
be covered with adequate insulation or placed
inaccessible to contact during normal opera-
tion and adjustment of the transmitter. Power-
supply units should be fused individually. All
negative terminals of plate supplies and positive
terminals of bias supplies should be securcly
grounded to the chassis, and the chassis connected
to a waterpipe or radiator ground. All trans-
former, choke, and eapacitor cases should also
be grounded to the chassis. A.c. power cords and
chassis conneetors should be arranged so that ex-
posed contacts are never “live.”” Starting at the
conventional a.c. wall outlet which is female, one
end of the eord should be fitted with a male plug.
The other end of the eord should have a female
receptacle. The input connector of the power
supply should have a male receptacle to fit the
female receptacle of the cord. The power-output
connector on the power supply should be a female
socket. A male plug to fit this socket should be

conneeted to the cable going to the equipment.
The opposite end of the cable should be fitted
with a female connector, and the series should
terminate with a male connector on the equip-
ment. If conneetions are made in this manner,
there should be no “live” exposed contacts at
any point, regardless of where a disconneetion
may be made.

Rectifier filament leads should be kept short

Fig. 7-33—A typical low-voltage power supply. The
two o.c. connectors permit independent control of filament
and high voltage.
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to assure proper voltage at the rectifier socket,
through a metal chassis, grommet-lined clear-
ance holes will serve for voltages up to 500 or
700, but ecramic feed-through insulators
should be used Tor higher voltages. Bleeder and
voltage-dropping resistors should be placed
where they ave open to air civeulation. Placing
them in confined space reduces the rating,

A
-
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Fig. 7-34. A bottom view of the low-voltage power
supply. The separate filament transformer is mounted
against the lower wall of the chassis. The electrolytic filter
capacitors are mounted on terminal strips. Rubber
grommets are used where wires pass through the chassis.

It is highly preferable from the standpoint
of operating convenienee to have separate
filament transformers for the reetifier tubes,
rither than to use combination filament and
plate transformers, such as those used in re-
ceivers. This permits the transmitter plate
voltage to be switehed on without the necessity
for waiting for reetifier filiments to come up
to temperature after each time the high voltage
has been turned off, When using a combination
power transformer, high voltage may be turned
off without twning the filaments off by using
a switch between the transformer center tap
and chassis. Thi= switch should be of the rotary

Fig. 7-35—A typical high-voltage
supply. The sockets for the 866A
mercury-vapor rectifier tubes are
spaced from the metal chassis by
small cone insulators. Note the
insulated tube plate connectors,
the safety high-voltoge output
terminal and the fuse.
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tvpe with good insulation between contacts.
The shaft of the switch must be grounded.

@ SAFETY PRECAUTIONS

All power supplies in an installation should
be fed through a single main power-line switeh
so that all power may be cut off quickly, either
before working on the equipment, or in case
of an accident. Spring-operated switches or relays
are not sufficiently reliable for this important
service. Foolproof deviees for cutting off all power
to the transmitter and other equipment are shown
in Fig. 7-37. The arrangements shown in Fig. 7-
37A and B are similar eireuits for two-wire (1153-
volt) and three-wire (230-volt) svstems, N is an
enclosed double-throw knife switeh of the sort
usitally used as the entrance switeh in house
installations. J is a standard a.c. outlet and I’ a
shorted plug to fit the outlet. The switeh should
be loeated prominently in plain sight and mem-
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Fig. 7-36—Bottom view of the high-voltage supply. The
electrolytic capacitors (connected in series) are mounted
on an insulating board. Voltage-equalizing resistors are
connected across each caopacitor. Separate input con-
nectors are provided for filament ond plate power.
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Fig. 7.37—Reliable arrangements for cutting off all
power to the transmitter. S is an enclosed double-pole
knife-type switch, J a stondord a.c. outlet. P o shorted
plug to fit the outlet and / a red lamp.

A is for o two-wire 115-volt line, B for a three.wire
230-volt system, and C o simplified orrongement for
low-power stations.

bers of the houschold should be instructed in its
location and use. [ is a red lamp located alongside
the switch. Its purpose is not so much to serve
a8 a warning that the power is on as it is to help
in identifying and quickly locating the switch
should it become necessary for someone else to
cut the power off in an emergeney.

The outlet J should be placed in some corner
out of sight where it will not be a temptation for
children or others to play with. The shorting plug
can be removed to open the power cireuit if there
are others around who might inadvertently throw
the switch while the operator is working on the
rig. If the operator takes the plug with him, it
will prevent someone from turning on the power

in his absence and either injuring themselves or
the equipment or perhaps starting a fire. Of ut-
most importanee is the fact that the outlet J must
be placed in the ungrounded side of the line.

Those who are operating low power and fecl
that the expense or complication of the switch
isn't warranted ean use the shorted-plug idea as
the main power switch. In this ease, the outlet
should be located prominently and identified by
a signal light, as shown in Fig, 7-37C.

The test bheneh ought to he fed through the
main power switch, or a similar arrangement at
the beneh, if the bench is located remote from
the transmitter.

A bleeder resistor with a power rating giving
a considerable margin of safety should be used
across the output of all transmitter power sup-
plies so that the filter capacitors will be dis-
charged when the high-voltage transformer is
turned off,

Selenium-Rectifier Table

All types listed below are rated as follows: Max.
input r.m.s. volts — 130, Max. peak inverse volts
380. Series resistors of 147 oluus are recom-
mended for units rated at less than 65 ma., 22
ohms for 75- and 100-ina. nnits, 15 ohms for 150-ma.
units, and 5 ohms for all higher-current units.

D.cC. | Manufacturer
Ma.
Output |
| B C D E F
20 | 1159 | 8520 | ...
30 8Y1
35 | 8535
50 6000 R&865Q 6000 50 0%
65 10024 1865 6565 8J1 65  NA-H
75 1003A | RN75H 6875 EAYE! 75 | NB-5
100 10044 RN100 6S100  5M1 100 | NC-5
150 10050 | RS150 68150 | 51°1 150 | ND-3
200 10064 | RS200 68200 5R1 200 .0
250 1028A | RS250 68250 5Q1 250
300 10904 | R¥300 65300 6Q1 300
350 1023 RS8350 68350 5Q81 oo
400 1130 R=400 65100 582 400
450 5000 RS450 63450 | .. .. boa
500 1179 RE500 65500 581 500
600 ... | 600
1000 | RS1000 [

A — Federal. 13 — International. C — Mallory.
D — Radio Receptor. I — Sarkes-Tarzian. I —
Sylvania.

Silicon Rectifier Table

Mazx. RM.S.  Mar, D.C.
Input Volts  Load Current

JETEC
Tuype

Germanium Rectifier Table

(Al 300 ma. d.c. output)

JETEC Mar. RM.S. | JETEC Mar. RM.S. I JETEC Mar, RS,

1N1082 140 500 ma. Type Volts Input "ype Volts Input Type Volts Input

1N1084 280 300 ma. — | | —

1N 1109 810 425 ma. 1N600 70 1NGOOA 70 1N611 210

LNTIIO 1120 400 ma. 1N601 105 1N603A 210 1N613 350

IN113 1960 325 ma. 1N602 140 1N601A 280 1N607A 33
*M150 130 150 ma. 1N604 280 1NGO5A 330 1N60SA 70
-RIELL 150 500 ma. 1N605 350 | 1NGO7 35 | IN6I1A 210

* Sarkes-Tarzian type number, INGOOA 35 INGOS 70 INGI2A 280
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CHAPTER 8

Keying and Break-In

Section 12,133 of the FCC regulations says
. .. The frequency of the emitted . . . wave
shall be as constant as the state of the art per-
mits.”” It also says ‘. . . spurious radiation shall
not be of sufficicnt intensity to cause interference
in reeciving equipment of good engineering de-
signincluding adequate  selectivity character-
istics, which is tuned to a frequeney or frequencies
outside the frequeney band of emission normally
required for the type of emission being employed
by the amateur station,”

The state of the art is such that an cmitted
wave can be mighty stable, yet many code (and
phone) stations show f.m. and chirp that leaves
them open to a citation by the Commission. Key
clicks (and splatter) represent violations of the
spurious radiation clause, and it isn’t hard to find
evidences of them in any of the ham bands.

There are four factors that have to be consid-
ered in the keyving of a transmitter. They are r.f.
clicks, envelope shape, chirp and backwave.

R.F. Clicks

When any eireuit carrving d.c. or a.e. is closed
or broken, the small or large spark (depending
upon the voltage and current) generates r.f. dur-
ing the instant of make or break. This r.f, covers
a frequency range of many megacyeles, When g,
transmitter is keyed, the spark at the key (and
relay, if used) eauses a click in the receiver. T'his
click has no effect on the transmitted signal. Since
it occeurs at the same time that a click (6 any)
appears on the transmitter output, it must be
removed if one is to listen critically to hix own
signal within the shack. A small r.f. filter is re-
quired at the contacts of the key (and relay);
typical eireuits and values are shown in Iig, 8-1.
To cheek the effectiveness of the r.f. filter, listen
on a lower-frequency band than the transmitter
is tuned to, with a short antenna and the gain
backed off.

&

Envelope Shape

The key clicks that go out on the air with the
signal are controlled by the shape of the envelope
of the signal. The envelope is the outline of the
oscilloscope pattern of your transmitter output,
but an oscilloscope isn’t needed to observe the
cffeets, Fig. 8-2 shows representative scope pat-
terns that might be obtained with a given trans-
mitter under various conditions.

One should understand that the on-the-air ¢licks
are determined by the shaping, while the r.f. clicks
caused by the spark at the key can only be heard
in the station receiver and possibly a broadeast
receiver in the same house or apartment.

Chirp

The frequency-stability reference in the open-
ing paragraph refers to the “chirp” observed on
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many signals. This is caused by a change in fre-
quencey of the signal during a single dot or dash.
Chirp is an easy thing to deteet if you know how
to listen for it, although it is amazing how some
operators will listen to a signal and say it has
no chirp when it aectually has. The easiest way
to deteet chirp is to tune in the code signal at
a low beat note and listen for any change in
frequency during a dash. The lower the beat
note, the easier it is to deteet the frequency
change. Listening to a harmonic of the signal
will accentuate the frequency change.

The main reason for minimizing chirp, aside
from complying with the letter of the regulations,
is one of pride, since a properly shaped chirp-free
signal is a pleasure to copy and is likely to attract
attention by its rarity, Chirps cannot he observed
on an oscilloscope pattern of the envelope.

Lt

%
o | L™

To Key Jack or
Keyed Stage

To Key Jack or

T G Keyed Stage
o L
Grounded Side
. YYY L ..
RFC; 1
i 70 key Jack or
c ¢ g
T 1 Keyed Stage
ol M -
RFC, Grounded Side

Fig. 8-1 —Typical filter circuits to apply at the key {and
relay, if used) to minimize r.f. clicks. The simglest circuit
(A} is a small capacitor mounted at the key. If this proves
insufficient, an r.f. choke can be added to the ungrounded
lead {B) or in both leads {C). The vaiuve of C; is .001 to
.01 uf., RFC: and RFC2 can be 0.5 to 2.5 mh., with a
current-carrying ability sufficient for the current in the
keyed circuit, In difficult cases another small capacitor may
be required on the other side of the r.f. choke or chokes.
In all cases the r.f. filter should be mounted right at the
key or relay terminals; sometimes the filter can be con-
cealed under the key. When cathode or center-tap keying
is used, the resistance of the r.f. choke or chokes will add
cathode bias to the keyed stage, and in this case a high-
current low-resistance choke may be required, or com-
pensating reduction of the grid-leak bias {if it is used)
may be needed.

A visible spark on "'make"’ can often be reduced by the
addition of a small {10 to 100 ohms) resistor in series
with C (inserted at point "'x”). Too high a value of resistor
reduces the arc-suppressing effect on "'break.”



Keying Factors
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Fig. 8-2—Typical oscilloscope displays of a code trans-
mitter. The rectangular-shaped dots (A) have serious key
clicks extending many kc. either side of the transmitter
frequency. Using proper shaping circuits increases the rise
ond decay times to give signals with the envelope form
of B. This signal would have practica'ly no key clicks.
Carrying the shaping process too far, as in C, results in o
signal that is too '"soft"” and is not easy to copy.

J J

Backwave
The last factor is “hackwave,” a signal during
key-up conditions from some amplifier-keyed
transmitters. Some operators listening in the
shack to their own signals and hearing a back-
wave think that the backwave ean be heard on
the air. It isn’t necessarily so, and the best way
to cheek is with an amateur a mile or more away.
If he ean’t hear a backwave on the 894 signal,
you can be sure that it isn’t there when the signal
i weaker, Backwave is undesirable heeause it
makes a signal harder to copy, even with ae-

eeptable shaping and no chirp.

Amplifier Keying

Many two-, three- and even four-stage trans-
mitters are utterly inecapable of completely ehirp-
free amplifier keying beeause the severe “modula-
tion”” of the output stage has an cffeet on the
oscillator frequeney and “pulls”  through the
soeveral stages. This is particularly true when the
oscillator stage is on the same frequeney as the
keyed output stage, but it can also happen when
frequency multiplying is involved. Another source
of reaction is the variation in oseillator supply
voltage under keying conditions, although this
can usually be handled by stabilizing the oseilla-
tor supply with a VR tube. If the objective is a
completely chirp-free transmitter, the very first
step is to make sure that keving the eontemplated
amplifier stage (or stages) has no effect on the
oscillator frequeney. This can be checked by
listening on the oscillator frequeney while the
amplifier stage is keyed. Listen for chirp on either
side of zero beat to eliminate the possible effeet of
a chirpy reeeiver caused by line-voltage changes
or pulling. If no chirp of the steadily running
oscillator ean be deteeted, the transmitter ean be
keyed without ehirp in the stage or stages used
for the test, Thix is no assurance that the trans-
mitter ean be keyed without chirp in an carlier
stage until the same test is passed by the earlier
stage.

An amplifier can be keyed by any method that
reduces the output to zero. Neutralized stages

can be keved in the eathode eireuit, although
where powers over 50 or 75 watts are involved it
is often desirable to use a keying relay or vacuum
tube kever, to minimize the chanees for eleetrieal
shock. Tube keying drops the supply voltages
and adds cathode bias, points to be considered
where maximum output is required. Blocked-
grid keying is applicable to many neutralized
stages, but it presents problems in high-powered
amplifiers and requires & source of negative
voltage. Output stages that aren’t neutralized,
such as many of the tetrodes and pentodes in
widespread use, will usually leak o little and show
some hackwave regardless of how they are keyed.
In 2 case like this it may be necessary to key two
stages to eliminate backwave. They ean be keyved
in the eathodes, with bloeked-grid keying, or in
the sereens. When sereen keying is used, it is not
always sufficient to reduce the sereen voltage to
zero; it may have to be pulled to some negative
value to hring the key-up plate current to zero,
unless fixed negative control-grid hias is used. It
should be apparent that where two stages are
keved, keving the earlier stage must have no
effeet on the oxeillator frequency if completely
chirp-free output is the gonl.

Fig. 8-3—The basic cathode (A) and center-tap (B} keying
circuits. In either case C; is the r.f. return to ground, shunted
by o larger capacitor for shaping. Voltoge ratings ot
least equal to the cut-off voltoge of the tube ore required.
Ty is the normal filoment transformer. C2 can be about
0.01 pf.

The shaping of the signal is controlled by the values
of L1 and Ci. Increased copacitonce at Ci will moke the
signal softer on breck; increased inductance at L) will
make the signal softer on moke. In many cases the make
will be satisfactory without any inductance.

Values at C; will range from 0.5 to 4 uf., depending
upon the tube type and operating conditions. The value
of L will also vary with tube type and conditions, ond
maoy range from a fraction of o henry to several henrys.
When tetrodes or pentodes are keyed in this manner, o
smaller value can sometimes be used at C; if the screen-
voltage supply is fixed and not obtained from the plote
supply through a dropping resistor.

Oscillators keyed in the cathode circuit cannot be soft-
ened on break indefinitely by increasing the value of C;
because the grid-circuit time constant enters into the action.
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BLOC_MNG VS.LYAGE
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Fig. 8-4—The basic circuit for blocked-grid keying is shown at A.
Ry is the normal grid leak, and the blocking voltage must be at least
several times the normal grid bias. The click on make can be reduced
by making Ci larger, and the click on break can be reduced by mak-
ing R2 larger. Usually the value of R: will be 5 to 20 times the re-
sistance of Ri. The power supply current requirement depends upon
the value of Rz, since closing the key circuit places R2 across the blocking
voltage supply.

An allied circuit is the vacuum-tube keyer of B. The tube V) is con-
nected in the cathode circvit of the stage to be keyed. The values of
Ci, Ry ond R: determine the keying envelope in the same way that
they do for blocked-grid keying. Yaolues to start with might be 0,47
megohm for Ri, 4.7 megohm for R: and 0.0047 uf. for C,.

The blocking voltage supply must deliver several hundred volts,
but the current drain is very low. The 6B4-G or other low plate-
resistance triode is svitable for Vi. To increase the current-carrying
ability of o tube keyer, several tubes can be connected in parallel.

A vacuum-tube keyer odds cathode bias and drops the supply
voltages to the keyed stage and will reduce the output of the stage.

Shaping of the keving is obtained in several
ways, Blocked-grid and vacuum-tube kevers get
suitable shaping with proper choice of resistor
and eapacitor vatues, while exthode and sereen-
grid keving can be shaped by using inductors
and capacitors, Sample eivenits are shown in
Figs. 8-3, 8-1 and 8-3, together with instructions
for their adjustment. There is no *“hest” adjust-
ment, since this is o matter of personal preference
and what you want vour signal to sound like.
Mozt operators seem to like the make to he heav-
ier than the hreak. All of the eireuits shown here
are eapable of & wide range of adjustment.

I the negative supply in a grid-block keyved
stage fails, the tube will deaw excessive kev-up
current. To proteet against tube damage in this

Excitation

oscillator doesn’t rise to full value im-
mediately, so the drive on the follow-
ing stage is changing, which in turn
may refleet a variable load on the os-
cillator. No oseillator has heen devised
that hasx no change in frequeney over
its entire operating voltage range and
with a changing load. Furthermore,
the shaping of the keyed-oscillator en-
velope usually has to be exaggerated,
beeause the following stages will tend
to sharpen up the keving and intro-
duee elicks unless they are operated as
linear amplifiers (as deseribed in detail
later).

Aceeptable  oscillator keving  can
be obtained on the lower-frequeney
hands, and the methods used to key
amplifiers ean be used, but chirp-froe
clickless oscillator keving is probably
not possible at the higher frequencies,
unless at =ome future date a com-
pletely  voltage-insensitive  oseillator
circuit is devised, Often some addi-
tional shaping of the signal will he in-
troduced on “make” through the use
of a clamp tube in the output amplifier
stage, beeanse the time constant of the
sereen bypass capacitor plus sereen
dropping resistor inereases the sereen-
voltage rise time, but it is of no help
on the “break’ portion of the signal,

DRIVER

1T T e Relay

eventuality, an overload relay ean be used or,
more simply, a fast-neting fuse can be ineluded
in the eathode eirenit.

Oscillator Keying

The reader may wonder why oscillator keving
hasn’t been mentioned earlier, sinee it is widely
used. The sad faet of life i that exeellent oseil-
lator keying is infinitely more diflicult to obtain
than is excellent amplifier keving. If the objective
ix no detectable chirp, it is probably impossible
to obtain with oscillator keving, particularly on
the higher frequencies, The reasons are simple,
Any Keved-oseillator transmitter requires shap-
ing at the oseillator, which involves changing the
operating conditions of the oscillvor over 2
significant period of time. The outpat of the
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Fig. 8-5—When the driver stage plate voltage is roughly
the same as the screen voltage of a tetrode final ampli-
fier, combined screen ond driver keying is an excellent
system. The envelope shaping is determined by the values
of L, Ci, and R:, cithough the r.f. bypass copacitors
Ci, C2 and C: also have o slight effect. Ry serves as an
excitation control for the final amplifier, by controlling
the screen voltage of the driver stage. If o triode driver is
used, its plate voltage can be varied for excitatiaon control.

The inductor L: will not be too critical, ond the secondary
of a spare filament transformer can be used if o Jow-induct-
ance choke is not available. The values of Ci and R: will
depend upon the inductance and the voltage and current
levels, but good starting values are 0.1 uf. and 50 ohms.

To minimize the possibility of electrical shock, it is recom-
mended that a keying relay be used in this circuit, since
both sides of the circuit are "'hot.”" As in any transmitter,
the signal will be chirp-free only if keying the driver stage
has no effect on the oscillator frequency.



Stages to Key

Break-In Keying

The usual argument for oscillator keying is
that it permits break-in operation, which is true.
If break-in operation is not contemplated and as
near perfeet keving as possible is the objective,
then keying an amplifier or two by the methods
outlined earlier is the solution. For operating
convenience, an automatic transmitter ‘“turner-
onner” (see Campbell, QST, Aug., 19536), which
will turn on the power supplies and switeh an-
tenna relays and receiver muting deviees, ean be
used, The station switehes over to the complete
“transmit”’ condition where the first dot is sent,
and it holds in for a length of time dependent
upon the setting of the delay. It is equivalent to
voice-operated phone of the type commonly used
by 5.5, stations, 1t does not permit hearing the
other station whenever the key is up, as does full
hreak-in,

Full break-in with excellent keying is not easy
to come by, but it is casier than many amateurs
think. Many use oscillator keving and put up
with a sccond-best signal,

Three solutions to chirp-free break-in keying
have heen developed, One is the “silent v.fo.,”
which consists of a well-shielded oscillator and
buffer stage running continuously at a low fre-
queney. The output is keyed before it gets out
of the shiclded compartment, and in some appli-
cations several subsequent stages are also keyed,

OSCILLATOR AMPLIFIER OR TUBE KEYER

o)
FIXED SCREEN
VOLTAGE

47K/5W
-400
Fig. 8-6— When satisfactory blocked-grid or tube keying
of an amplifier stage has been obtained, this VR-tube
break-in circuit can be applied to the transmitter to furnish
differential keying. The constants shown here are suitable
for blocked-grid keying of a 6146 amplifier; with a tube
keyer the 6]5 and VR tube circuitry would be the same,

With the key up, sufficient current flows through R3
to give o voltage that will cut off the oscillator tube.
When the key is closed, the cathode voltage of the 6J5
becomes close to ground potential, extinguishing the VR
tube and permitting the oscillator to operate. Too much
shunt capacity on the leads to the VR tube, and too large
a value of grid capacitor in the oscillator, may slow down
this action, and best performance will be obtained when
the oscillator {turned on and off this way) sounds “clicky.”
The output envelope shaping is obtained in the ampiifier,
and it can be made softer by increasing the value of Ci.
If the keyed amplifier is o tetrode or pentode, the screen
voltage should be obtained from a fixed voltoge source
or stiff voltage divider, not from the plate supply through
a dropping resistor.

A switch connected in series with the VR tube will, when
opened, turn on the oscillator for "'frequency spotting.”

A second approach is to use a conversion ex-
citer, in which two oscillators (one erystal-con-
trolled, one v.f.0.) run continuously and their
outputs, with suitable buffer stages intervening,
are fed to o mixer stage. The mixer stage output
is the sum or diffcrence frequency of the two
oscillator frequencies, which have been selected
to give a sum or difference in an amateur band.
When the niixer stage is turned off by keving, no
output appears in the amateur band, and the
offeet is the same as keving an oscillator stage
that eannot possibly chirp. The oscillator fre-
queneies must be seleeted earefully so that none
of their harmonies fall within an amateur band,
and sufficient scleetivity must be present in stages
following the mixer to insure that no spurious
signals are amplified,

Differential Keying

A third approach is to turn the oscillator on
fast hefore a keyved amplifie